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Abstract  

 

There is substantial systemic and local morbidity associated with complex reconstruction 

of the maxillofacial (face, mouth, jaws and neck) region and the distant donor site of the 

free flap used to reconstruct the defect. This morbidity may be alleviated by careful patient 

preparation, selection of operation, improving wound care and new surgical procedures. 

Many aspects of morbidity are not readily amenable to investigation because of a multitude 

of confounding clinical factors. Improvements in the quality of care may be obtained by 

careful evaluation of outcomes and comparison with the literature. This body of work 

represents a reflection on my surgical practice, animal experimental studies and computer 

modelling techniques which have reduced morbidity and improved my ability to counsel 

patients.    

 

Major elements include the techniques of suprafascial dissection of the soft tissue radial 

flap and prophylactic internal fixation of the osteocutaneous radial donor site which have 

become increasingly accepted within the United Kingdom and overseas. The impact of 

differing flap choice, particularly in the medically compromised group, has been 

considered. The quality of the clinical documentation has been improved. 

 

Biomechanical issues raised by the clinical studies were investigated in laboratory work 

using the sheep tibia model of the human radius. A computer based model of the sheep 

tibia, created using a finite element analysis technique, was validated against the preceding 

biomechanical studies. This simulation was used to investigate the most effective design of 

osteotomy cuts and type of plate for reinforcement of a straight osteotomised bone, such as 

the radius, or segmental defects of the mandible.  

 

Interest in my work is reflected in the high rate of presentations at the Annual Scientific 

Meetings of the British Association of Oral & Maxillofacial Surgery 1 combined with the 

joint second highest rate of successful conversion to publication in the United Kingdom 2.  
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Summary of key findings 

 

Chapter 1  

Soft-tissue radial free flap and donor site 

 

 The suprafascial dissection (and septocutaneous radial flap) is a safe and reliable 

surgical technique. This dissection technique is increasingly recognised and 

practised. It is now the preferred method of radial flap harvest of the Author. 

 Flap success rates with the septocutaneous flap are comparable to the conventional 

fasciocutaneous radial flap.  

 Retention of the deep fascia over the forearm donor site is associated with a 

reduced incidence of 3 key donor site morbidity outcomes: loss of the skin graft, 

flexor tendon exposure and delayed healing. 

 The majority of radial defects may be repaired with a full thickness skin graft to 

avoid the morbidity associated with a partial thickness skin graft donor site. 

 A full thickness graft undergoes less contraction and may have marginally better 

sensory recovery.  

 The sensory changes at the subfascial and suprafascial donor sites are comparable 

except for decreased sensation in the palmar cutaneous branch of the median nerve 

at the subfascial site. 

 Excessive hair growth on intra-oral flaps may be successfully managed with 

alexandrite laser therapy.  

 The current role of the radial soft tissue free flap and optimal management of the 

donor site has been reviewed. 

 The Author is able to advise patients more fully of the morbidity associated with 

the radial forearm free flap.  
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Chapter 2 

Osteocutaneous radial free flap and donor site 

 

 The introduction of prophylactic internal fixation of the osteocutaneous radial 

donor site with a plate, by the Author, has substantially reduced the incidence of 

fracture of the radius after operation and is now well established in International 

practice. 

 It has been demonstrated in clinical and biomechanical studies that between 40 – 

50% of the circumference of the radius may be safely harvested if prophylactic 

internal fixation has been applied. 

 The anterior plate position is less effective than the posterior position under 

bending loads but has a similar strengthening effect under torsional loading. The 

anterior plate position is similarly effective in clinical practice. 

 Routine prophylactic fixation in the anterior plate position is now the preferred 

practice of the Author.  

 Several plating systems are effective for prophylactic internal fixation including; 

straight 3.5 mm stainless steel with bicortical screw fixation, straight and T-shaped 

3.5 mm titanium with unilocking screw fixation. 

 The sheep tibia model of the human radius may be satisfactorily simulated using a 

finite element analysis technique.    

 Further refinements in the finite element modelling of bone and hardware interfaces 

to simulate the complex biomechanics under loading would be helpful. 

 The introduction of prophylactic internal fixation has consolidated and expanded 

the current role of the radial osteocutaneous free flap. 

 The Author is able to advise patients more fully of the morbidity associated with 

the radial forearm osteocutaneous free flap.  
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Chapter 3 

Osteotomy and reconstruction plate design 

 

 Refinements in osteotomy design may yield significant reductions in peak stress 

levels and by implication reduce the risk of fracture. 

 Overcutting at osteotomy sites substantially increases peak stress concentrations. 

 A stop-hole at the intersection of osteotomy cuts substantially reduces peak stress 

levels. 

 The surgical technique for creating a stop-hole is simple and has widespread 

applications within surgery. 

 Common segmental defects of the mandible may be modelled and reconstruction 

with a bone plate simulated using the finite element analysis technique. 

 Locking plates with monocortical screw fixation systems induce lower levels of 

stress than non-locking plates and are by implication more stable.   

 The effects of varying hardware and bone factors should be investigated further. 

 

Chapter 4 

Choice of flap reconstruction, outcomes and morbidity 

 

 A maxillofacial surgeon may safely insert a percutaneous endoscopic gastrostomy 

tube with a high degree of success and minimal complications. 

 Early gastrostomy insertion under general anaesthetic is appropriate either before 

treatment or at the time of definitive surgery.  

 Gastrostomy duration was not related to the type of flap reconstruction. 

 Prolonged gastrostomy duration was associated with advanced oral malignancy, 

metastatic neck disease, the combination of surgery and radiotherapy, two or more 

surgical procedures and segmental bone resection.  

 The indications for a gastrostomy have been reviewed. 

 The Author is able to advise patients more fully of the morbidity associated with a 

gastrostomy. 

 The pectoralis major flap retains an important role within the developing world and 

the United Kingdom, but the general pattern of use is unknown. 
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Chapter 4 

Choice of flap reconstruction, outcomes and morbidity 

 

 Advanced malignancy and substantial medical comorbidity are the main indications 

for the pectoralis major flap when utilised as the preferred option for 

reconstruction.  

 The most common defects reconstructed are large resections of the mandible, 

oropharynx and neck. 

 Salvage reconstruction after free flap failure and for recurrent or further disease are 

significant indications. 

 Salvage reconstruction following complications is an uncommon indication. 

 5-year overall and cancer-specific survival outcomes have improved substantially. 

 There have been significant reductions in recurrent disease, wound infection and 

duration of admission. 

 These outcomes support the strategy of aggressive surgical treatment of advanced 

disease and a pragmatic approach to reconstruction. 

 The Author is able to advise patients more fully of the morbidity associated with 

the pectoralis major flap. 

 A new flap, the sternocleidomastoid perforator flap, has been described by the 

Author. 

 The sternocleidomastoid flap is robust and suitable for small to medium sized 

defects of the tongue and lower oral cavity. 

 The sternocleidomastoid perforator flap is an option when other flaps are not 

available or in the presence of substantial medical comorbidity.  

 The planning of maxillofacial oncology surgery and provision of informed consent 

is complex. 

 A structured planning proforma significantly improved the range and completeness 

of data capture, particularly for advice on complications and outcomes of surgery. 

 The improvement was progressive and sustained over a decade. 
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Synopsis of publications by chapter   
 
Chapter 1 Soft-tissue radial free flap and donor site 
  
1. Avery C. [Invited Review]  

Review of the radial free flap: is it still evolving or facing extinction? Part one: soft tissue 
radial flap. 
Br J Oral Maxillofac Surg 2010;48:245-252.  

 
In 2010 the Author published an invited Review Article on the current status of the radial free flap. Topics 
covered included the Author’s publications and perspective on minimising morbidity at the donor site. A 
review of the evidence for reduced morbidity at the donor site with the suprafascial dissection technique was 
presented. The alternative flaps to the radial free flap were considered. 
 
2. Avery C.           

Prospective study of the septocutaneous radial free flap  
and suprafascial donor site.   
Br J Oral & Maxillofac Surgery 2007;45:611-616 

 
The soft-tissue fasciocutaneous radial free flap remains the most frequently used flap for reconstruction of 
the oral cavity. However, the forearm donor site is prone to the early wound healing complications of skin 
graft loss, tendon exposure and delayed healing. 
 
The septocutaneous radial flap represents an evolution in flap design with a more demanding suprafascial, 
rather than subfascial, dissection technique. In 2007 the Author published the largest personal series with the 
septocutaneous flap. In a prospective study of 121 consecutive procedures the flap survival rate was 97%. 
The incidence of skin graft loss (4%), tendon exposure (3%) and delayed healing (4%) was relatively low 
compared to the subfascial flap. This study confirmed the septocutaneous flap is a safe surgical technique. 
The majority of donor sites may be effectively repaired with a full, rather than partial, thickness skin graft 
and this has additional advantages in reducing morbidity at the skin graft donor site. 
  
3. Avery C. Sundaram K, Jasani V, A Peden, Neal C.   

Br J Oral Maxillofac Surg 2012;50:495-499.  
 

The sensory changes at the radial subfascial site have been scantily reported and there were no substantive 
studies of the suprafascial forearm donor site. The superficial radial nerve is less exposed to manipulation 
during the suprafascial dissection because of the retained fascial covering. The Author speculated this may 
result in a better sensory outcome. A retrospective comparison of the subfascial and suprafascial donor sites 
found few differences in sensory outcomes, except for significantly better sensation in the distribution of the 
palmar branch of the median nerve in the suprafascial group. This may be because this nerve is more exposed 
to manipulation or injury during a conventional subfascial dissection. This paper also allows the Author to 
give better advice on the expected pattern of sensory changes after surgery. 
  
4. Shim T, Abdullah A, Lanigan S, Avery C.  

Hairy intraoral flap – an unusual indication for laser epilation: a series of 5 cases and a review 
of the literature. 
Br J Oral Maxillofac Surg 2011;49:e50-52.  

 
The skin of the radial forearm flap, and other flaps, may develop excessive hair growth, which is aesthetically 
and functionally unsatisfactory. The Author reported the novel use of an alexandrite laser to successfully 
depilate 4 severe cases. Although access may be hindered by limited mouth opening, this technique has 
widespread applications.  
 
 
 
 
 
 
 

Comparison of sensory changes at the suprafascial and subfascial radial donor sites. 
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Chapter 2 Osteocutaneous radial free flap and donor site  
 
5. Avery C. [Invited Review]. 

Review of the radial free flap: still evolving or facing extinction? Part two: osteocutaneous 
radial free flap. 
Br J Oral Maxillofac Surg 2010;48:253-260. 

 
In 2010 the Author published an invited Review Article on the current status of the radial osteocutaneous 
flap. Topics covered included the Author’s publications and perspective on minimising morbidity at the 
donor site.  
 
The radial flap may be raised with a segment of the radius as an osteocutaneous flap but the donor site is 
prone to fracture (mean 25%), causing considerable morbidity. In 1999 the Author introduced the technique 
of prophylactic internal fixation (PIF) with a straight 3.5mm dynamic compression plate (DCP) to 
substantially reduce the incidence of fracture (2 to 3%). The paper reviews the weakening effect of an 
osteotomy and the biomechanical and clinical studies supporting the strengthening effect of PIF. Additional 
issues included the most appropriate design and position of the bone plate, and the cost-effectiveness of PIF. 
The introduction of PIF has resulted in the almost complete elimination of the main complications associated 
with the radial osteocutanous flap. The Author considers the current role of this flap for selected mandible 
and maxillary bone defects or when managing patients with considerable medical comorbidity. 
 
6. Avery C, Martin T, Parmar S.  

The use of a T-shaped contoured unilocking titanium radial plate for prophylactic internal  
fixation of the radial osteocutaneous donor site. 
Br J Oral Maxillofac Surg 2011;49:152-153.  

 
Anatomically designed T-shaped radial plates, secured with unilocking screw systems, have recently been 
introduced for managing fractures of the distal radius. In 2011, the Author published the first clinical series 
utilising these plates for PIF of the radial osteocutaneous donor site. These lower profile and lighter plates 
may have advantages in reducing the risk of stress shielding and achieving greater fixation in osteoporotic 
bone whilst the shape facilitates harvest of distal bone when space is limited.  
 
7. Avery C, Skidmore M, Peden A, Pan J.  

Biomechanical study of a unilocking T-plate system for prophylactic internal fixation of the 
radial osteocutaneous donor site using the sheep tibia model. 

 Oral Oncol 2011;47:268-273. 
 

In this biomechanical laboratory study, the sheep tibia model was used to investigate whether different sizes 
of the new titanium T-plates with unilocking screw systems were as effective for PIF as the straight 3.5 mm 
DCP with bicortical fixation, as originally described by the Author. All bone-plate constructs significantly 
strengthened an osteotomised bone under bending [factor 1.73 to 2.43] and torsional [factor 1.54 to 2.63] 
loads. The anterior and posterior plate positions were also compared. The 3.5 mm unilock titanium T-plate 
and straight DCP steel plates were the strongest constructs and most suitable for PIF in clinical practice. 

 
8. Avery C, Bujtar P, Simonovics J, Sándor G, Pan J, Váradi K A. 

A finite element analysis of bone plates available for prophylactic internal fixation of the radial 
osteocutaneous donor site using the sheep tibia model. 
J Med Eng Phy 2013;35:1421-1430. 

 
This computer modelling study investigated and validated a finite element analysis (FEA) technique as an 
accurate representation of the sheep tibia model previously described by the Author in paper 4. A computer 
aided design (CAD) model of different types of plate and screw fixation was created. The new titanium 3.5 
mm and 2.4 mm T-plates with unilocking screw systems were compared with conventional straight 3.5 mm 
DCP steel plates secured with bicortical fixation. Only the anterior plate position was considered, as this is 
the most common surgical practice. Peak stress values at the screw and osteotomy sites were measured. The 
strengthening effects were comparable to the previous sheep tibia laboratory experiment under bending 
[factor 1.89 to 3] and torsional [factor 1.24 to 1.67] loads. A straight 3.5mm locking compression plate (LCP) 
simulation (not tested in the previous biomechanical laboratory experiment) was the strongest form of 
reinforcement.  
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Chapter 3 Osteotomy and reconstruction plate design 
 
9. Bujtar P, Simonovics J, Sándor G, Pan J, Avery C. 

Refinements in osteotomy design to improve structural integrity: a finite element analysis. 
Br J Oral Maxillofac Surg 2013;51: 479-485. 

The FEA technique developed in publication 8 was refined to investigate the impact of general osteotomy 
design on stress concentration using the sheep tibia CAD model. Relative stress values were measured at the 
intersection of osteotomy cuts. Peak stress values for 4 point bending and torsion were 24-30% greater at the 
right-angled osteotomy compared to a bevelled end cut. Overcutting increased peak bending and torsional 
stress values by 48% and 71% respectively., The peak stress concentrations were significantly reduced 
(bending 38% & torsion 60%) by utilising a stop-hole at the site of osteotomy intersection, and this will 
reduce the risk of fracture.  

10. Avery C, Simonovics J, Bujtar P. 
The stop-hole osteotomy technique. 
Br J Oral Maxillofac Surg 2014;52:475-476. 

In paper 9, the Author demonstrated the importance of avoiding an overcut at osteotomy sites, as this creates 
a significant increase in peak stress concentration. This is the first clinical description of a stop drill hole 
technique designed to substantially reduce the risk of fracture in maxillofacial and other surgical practice. 

11. Bujtar P, Simonovics J, Váradi K A, Sándor G, Avery C. 
The biomechanical aspects of reconstruction for segmental defects of the mandible: A finite 
element study to assess the optimisation of plate and screw factors. 
J Craniomaxillofac Surg 2014:6:855-862.  
  

This FEA study investigated the biomechanical stability of plate reconstruction options following segmental 
resection of the mandible. Four segmental defects commonly created during oncology surgery were 
simulated on a CAD model of the mandible. A standardised load was applied to mimic the human bite. The 
peak stress and strain levels, and spatial changes at the screw-bone interfaces were recorded. The locking 
plate and monocortical screw fixation systems were most effective. The current model provides a good basis 
for developing refinements in plate or bone holding scaffold design. 
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Chapter 4 Choice of flap reconstruction, outcomes and morbidity  
 
12. Avery C, Shenoy S, Shetty S, Siegmund C, Iqbal M, Taub N.  

The prospective experience of a maxillofacial surgeon with the percutaneous endoscopic 
gastrostomy technique. 
Int J Oral Maxillofac Surg 2008;37:140-148.  

 
In 2008 the Author reported the largest personal series of percutaneous endoscopic gastrostomy (PEG) 
insertion by a head and neck oncology surgeon. The rate of successful PEG insertion was 97.3% (219/225) 
with a median duration of 337 (SE 31) days. Removal of the PEG is an indirect marker of adequate oral 
intake. Duration was significantly longer for stage T3-4 tumours, N1 or greater neck disease, following 
surgery with radiotherapy, particularly glossectomy and maxillectomy procedures, after two separate surgical 
procedures with radiotherapy and following a composite bone resection, or radiotherapy alone when 
compared to surgery alone. Interestingly, there was no relationship to the type of flap reconstruction. This 
study improved our understanding of patient survival and functional outcomes. It also facilitated informed 
counselling of patients with regard to potential complications and likely duration of PEG dependency.  
 
13. Avery C, Clifford N, Niamat J, Vaidhyanath R.  

Early detection of bone union with transcutaneous ultrasound in the management of non-
union of the mandible. 
Br J Oral Maxillofac Surg 2011:49;661-663. 

 
The return of oral intake is prolonged if delayed union of the bony free flap used to reconstruct the mandible 
occurs. External fixation may be used to stabilise the osteotomy sites whilst healing occurs but is 
inconvenient for the patient. However, it is often uncertain when sufficient bone union has occurred to allow 
safe removal of the fixation. The Author describes the novel use of ultrasound to detect evidence of bone 
union several weeks before it is visible on radiographs in a small series of patients. This is reassuring for both 
the patient and surgeon and allows the earlier removal of the fixation. 
 
14. Avery C, Crank S, Neal CP, Hayter JP, Elton C.  

The use of the pectoralis major flap for advanced and recurrent head and neck malignancy in 
the medically compromised patient. 
J Oral Oncology 2010;46:829-833.  

 
In 2010 the Author published the largest review of a cohort of patients (71) with substantial medical 
comorbidity and advanced oral tumours managed with a pedicled pectoralis major (PPM) flap. The majority 
had advanced stage IV primary disease, or extensive recurrent or metastatic neck disease. The PPM flaps 
were increasingly used in the latter half of the series but there was no evidence of an increase in age, 
American Society of Anaesthesiology (ASA) comorbidity grade or extent of malignant disease. The flap and 
patient survival outcomes compared favourably with the literature. The Author believes the PPM flap retains 
a role in the management of selected patients with advanced disease and substantial medical comorbidity. 
Aggressive surgical treatment was advocated in combination with a pragmatic outlook on the morbidity of 
reconstruction and functional outcome.  
 
15. Avery C. Ghandi N, Peel D, Neal CP. 

Indications and outcomes for 100 patients managed with a pectoralis major flap within a UK 
maxillofacial unit. 
Int J Oral Maxillofac Surg 2014;43:646-554. 
 

The number of patients in the cohort described in paper 11 had increased to 100 (102 flaps). The indications 
and outcomes for these oncology patients managed with a PPM flap were reviewed. The majority (88.2%) of 
patients had advanced oral malignancy with stage IV (75.6%) disease and substantial comorbidity (47% ASA 
3 or 4). The PPM flap was often the preferred reconstruction (80.4%) but also followed free flap failure 
(19.6%). The majority of patients (n=57) had previously undergone major surgery and/or chemo-
radiotherapy. Flap loss of any degree was independently associated with ischaemic heart disease (P=0.028), 
diabetes mellitus (P=0.040) and infection with Methicillin resistant Staphylococcus aureus (MRSA) 
(P=0.013). Total (2%) and major (6.9%) PPM flap loss was independently associated with previous free flap 
failure (P=0.044). 
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Chapter 4 Choice of flap reconstruction, outcomes and morbidity  
 

Contd Avery C. Ghandi N, Peel D, Neal CP. 
Indications and outcomes for 100 patients managed with a pectoralis major flap within a UK 
maxillofacial unit. 
Int J Oral Maxillofac Surg 2014:43:546-554. 

 

Cancer-specific 5-year survival for stage IV primary SCC and salvage surgery improved in the second half 
(2005-2012) of the study period (22.2% vs. 79.8%, P=0.002 and 0% vs. 55.7%, P=0.064).There were also 
declines in recurrent disease (P=0.008), MRSA (P<0.001) and duration of admission (P=0.014). The Author 
believes the PPM flap retains a valuable role in the management of advanced disease combined with 
substantial comorbidity, and following free flap failure. This paper improved our understanding of patient 
and flap survival outcomes, the range and incidence of complications and has facilitated informed patient 
counselling. 

16. Avery C. [Invited Review]. 
A perspective on the role of the pectoralis major flap in maxillofacial oncology surgery. 
Oral Surgery 2014:7:130-142.  
  

This paper sought to review global utilisation of the PPM flap and set the practice of the Author in context. 
The evidence for this review is mainly based on retrospective case-series or cohort studies (level III and IV). 
The versatile PPM flap remains a valuable reconstructive option both in centres predominantly within the 
developed world, which preferentially practice free tissue transfer, and also throughout the developing world 
when free tissue transfer is not an option. The PPM flap is utilised in varying proportions as either the 
preferred reconstruction or for salvage reconstruction following free flap failure, further disease or 
complications. Refinements in surgical technique and an experienced surgeon may yield total flap success 
rates comparable with or better than free tissue transfer. Adverse factors such as: serious or multiple 
comorbidities, advanced disease and previous treatment are common indications. The defects most 
commonly reconstructed included extended radical neck dissection, parotid, postero-lateral mandible, large 
glossectomy and oropharyngeal defects. In some major centres a second free flap is increasingly used after 
initial failure. However, the PPM flap remains the most common salvage option. Survival outcomes for 
advanced oral malignancy may be improving. The needs of the local population vary and informed patient 
choice may increasingly influence flap selection. 
 
17. Avery C. 

The sternocleidomastoid perforator flap. 
Br J Oral Maxillofac Surg 2011;49:573-575. 

 
The applications of the conventional pedicled sternocleidomastoid SCM flap are limited by a poor arc of 
rotation and precarious vascularity. The Author describes a novel SCM flap that is completely detached 
except for the perforating branches of the superior thyroid artery. The arc of rotation is greatly increased 
allowing the flap to safely reach the lower oral cavity. Several patients with extensive medical comorbidity 
and/or in whom all other flap options had been exhausted were salvaged with this new technique. 
 
18. Avery C. Clifford N, Sundaram K, Jasani V, Neal C. 

Impact of a structured proforma for improving documentation at the planning stage of major 
maxillofacial oncology surgery. 
Face Mouth & Jaw Surg 2011;2:33-39 
 

The management of major maxillofacial oncology surgery is complex and several consultations are necessary 
to cover all aspects of care and to obtain informed consent. Although the shortcomings of general medical 
and surgical operating records have been well documented, there is little information on the clinical records 
used for planning surgery and obtaining informed consent. This retrospective audit study covered a decade of 
practice that included the introduction of a structured planning proforma designed by the Author. There was a 
statistically significant and progressive improvement in a wide range of individual variables documented. 
The quality of the clinical records has been improved and sustained. The proforma is also a valuable 
educational tool for the trainee as it provides a logical framework for coordinating investigations, planning 
many aspects of care and providing informed consent.  
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Importance of published work. 

 
1. The Thesis is based on 18 peer reviewed articles in which I have been the leading 

or senior Author. The range of journals includes those with the highest impact 
factors (IF) within the specialty of Oral & Maxillofacial Surgery. The IF of the 
British Journal of Oral & Maxillofacial Surgery has risen to 2.72 in 2013. The 
British Journal is the highest ranked Oral & Maxillofacial Journal in the world and 
is within the top 30 Surgical or top 10 Dentistry/Oral Surgery Journals. This is 
comparable with the most highly ranked Oral Oncology journals such as Head & 
Neck (2013 IF 2.8) and the Journal of Oral Oncology (2012 IF 2.69), in which I 
have also published. Publications were also included in the International Journal of 
Oral & Maxillofacial Surgery (2012 IF 1.5) and Journal of Cranio-Maxillofacial 
Surgery (2012 IF 1.6). Publication in the Journal of Medical Engineering and 
Physics (2012 IF 2.2) established the scientific credibility of the finite element 
analysis model.  

 
2. The most frequently downloaded paper in the British Journal of Oral & 

Maxillofacial Surgery [August 2010]. 
 
Avery C: Review of the radial free flap: is it still evolving or facing extinction? Part one: soft tissue radial flap. Br J Oral 
Maxillofac Surg 2010;48:245-252 42.  
www.elsevier.com/wps/find/journaldescription.cws_home/623007/description#description 

 
3. ResearchGate Annual Summary 2013 

My high ResearchGate score reflects the level of interest in my research . 
 
Publication Views in 2013: 2000  
Profile Views: 410 
Full-text downloads: 69 
RG Score: 34.46  
RG Impact points 174.93   
RG impact score is greater than 92.5% of ResearchGate members  
 
https://www.researchgate.net/profile/Christopher_Avery/stats/report/2013?ch=reg&cp=re291_cv_p2001&pli=1&loginT=Xj
QTf6wWE5VoDwf95wolPob-twQDZSZ5a110I0m5ptIVOfgcl1e9YQ,, 
https://www.researchgate.net/profile/Christopher_Avery/?ev=hdr_xprf 

 
4. Hirsch H-Citation Index April 2014 

A high H-Index citation score of 17 reflects the level of interest in this and other 
related research. 
 
Total citations: 743 
Citations/year: 32.30 
H Index 17 
G Index 26 
 

5. Most frequently presented author at the Annual Scientific Meeting (ASM) of the 
British Association of Oral & Maxillofacial Surgery (BAOMS) over the last 
decade.  
 
Avery C, Clifford N, Thakrar M, Neal CP, Brennan P. Leading Article: Trends in presentations at BAOMS Annual Scientific 
Meetings. Face Mouth & Jaw Surg 2011;1:38-47 3. 
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6. Leicester is the joint second Maxillofacial surgical department in UK with the 
highest rate of converted presentations to publication from the ASM of the 
BAOMS, and the Author is the most frequent individual contributor. 

 
Collier JM, Vig N, Hammond D. Publish or perish? A survey of abstracts accepted for meetings of the British Association of 
Oral and Maxillofacial Surgeons, and subsequently published. Br J Oral Maxillofac Surg 2010;48:540-43 2. 
http://dx.doi.org/10.1016/j.bjoms.2009.08.037 

 
7. The Trent region was the Deanery with the joint highest number of contributions at 

the BAOMS ASM over the last decade. Leicester contributed 50% of this work and 
the Author nearly 90% of the Leicester activity.  
 
Avery C, Clifford N, Neal CP.  
Oral & Maxillofacial surgery “presentation hotspots” in the UK over the last decade from the BAOMS annual meetings. Br J 
Oral Maxillofac Surg 2013;51:453-456 1. 
http://dx.doi.org/10.1016/j.bjoms.2012.09.019 

 
8. Several of the research areas included in this MD submission have also been 

published as book chapters. This includes a core training operative Maxillofacial 
surgery textbook in which the new surgical techniques of the suprafascial radial 
flap and prophylactic internal fixation of the radial osteocutaneous donor site were 
included for the first time (Appendix B). Both of these techniques have become 
increasingly popular. The use of prophylactic internal fixation has been widely 
adopted throughout the developed world. I am currently updating the 3rd Edition of 
this textbook. 

 
9. This paper on the pectoralis major flap featured on the American MDLinx website 

in November 2013 as the number 10 ranked article of interest to the Editorial Panel 
and Readers. This reflects the International interest in the publication.  
http://www.mdlinx.com/dentistry/author-comment.cfm/A1cf4b895ca8b12ff/?utm_source=author-recruit-
commentary&utm_medium=email&utm_campaign=author-email1-addcomments 
Avery C. Ghandi N, Peel D, Neal CP.  
Indications and outcomes for 100 patients managed with a pectoralis major flap within a UK maxillofacial unit. 
Int J Oral Maxillofac Surg 2014;43:546-554 309. 
http://dx.doi.org/10.1016/j.ijoms.2013.10.009 
 

10. This work was cited on the Doctors.Net clinical problem discussion forum as a new 
treatment modality. 
Shim T, Abdullah A, Lanigan S, Avery C. 
Hairy intraoral flap – an unusual indication for laser epilation: a series of 5 cases and a review of the literature. Br J Oral 
Maxillofac Surg 2011;49:e50-52 144. 
http://www.doctors.net.uk/Forum/viewPost.aspx?post_id=5227600 

 

11. Invited Faculty on the Liverpool Microvascular course. This is the premier UK 
educational course for trainee surgeons and the Author lectures on the topic of the 
radial free flap and management of donor site morbidity.  

 
12. This paper was awarded UHL Surgical Specialties Audit prize 2012.  

Avery C. Clifford N, Sundaram K, Jasani V, Neal C. 
Impact of a structured proforma for improving documentation at the planning stage of major maxillofacial oncology surgery. 
Face Mouth & Jaw Surg 2011;2:33-39 313. 

 
13. The research work on plate design and reducing morbidity at the radial donor site 

was highlighted in a recent article in the local Leicester Mercury newspaper. 
http://www.leicestermercury.co.uk/teamwork-improve-patients-lives/story-20954129-detail/story.html     
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Abbreviations 
 

AJCC   American Joint Committee on Cancer 
ASM   Annual Scientific Meeting 
BAOMS  British Association of Oral & Maxillofacial Surgery 
Bi   Bicortical 
cm   Centimetre 
CAD   Computer Aided Design 
CI   Confidence Interval 
CT   Computerised Tomography 
DCIA   Deep Circumflex Iliac Artery  
DCP   Dynamic Compression Plate 
DICOM  Digital Imaging and Communications in Medicine   
(E)   Young’s Modulus 
FEA   Finite Element Analysis 
g   grams  
IF   Impact Factor 
IFS   Inter-fragmental Strain  
Lock   Locking 
LCP   Locking Compression Plate 
LRI   Leicester Royal Infirmary (Leicestershire. UK) 
mm   millimetre 
Mono   Monocortical 
MPa   MegaPascal 
MRSA   Methicillin resistant Staphylococcus aureus  
Nd:YAG  Neodymium-doped Yttrium Aluminium Garnet laser  
NHS   National Health Service 
Non-lock  Non-locking  
nos   Number 
NPWD   Negative Pressure Wound Dressing 
PEG   Percutaneous Endoscopic Gastrostomy 
PIF    Prophylactic Internal Fixation 
PT   Partial Thickness 
P value   Probability value 
SD   Standard Deviation 
SE   Standard Error 
TNM   Tumour – Node – Metastases [AJCC Staging Manual 2002 4]  
T2-4   Tumour Stage 2, 3 or 4 
UHL   University Hospitals of Leicester 
UK   United Kingdom 
USA   United States of America 
Von Mises   von Mises (Peak) Stress Value  
V-Y   V to Y wound closure 
 

Symbols 
 

%    Percentage 
(-) or -   Not tested, not available or none 
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Introduction  

 

“… it is of considerable importance first to set forth those things which have been 

published by others, and to take notice of the things which have been commonly said 

and taught, so that what has been rightly spoken may be confirmed and what is false 

corrected in the light of anatomical dissection, personal experience many times repeated, 

and diligent and precise observation” 

 

William Harvey (1628) 5 

 

There is considerable morbidity associated with major surgery for malignancy of the 

maxillofacial region. General morbidity affects multiple body systems whilst there is 

specific morbidity associated with both the donor sites of flaps throughout the body and 

where the flap is inset in the head and neck region 6, 7. Nevertheless, reconstruction of the 

oral cavity, jaws and face is important for the restoration of form to avoid deformity and to 

optimise function, particularly speech and swallowing 8-11. The introduction of pedicled 

myocutaneous flaps, and particularly the pectoralis major flap, in the 1980’s was a 

significant advance, as large defects could be more safely restored 12-14. This innovation 

was followed by the popularisation of free tissue transfer, and especially the radial forearm 

free flap, in the 1990’s. The radial flap provided a large area of soft, thin, pliable and 

relatively hairless skin with which to resurface complex oral and facial defects, resulting in 

improved aesthetic and functional outcomes 15-26.  

 

It is now over 30 years since the original description of the radial free flap 27 and this 

versatile and reliable flap 28, 29 has replaced the bulky pedicled pectoralis major flap 12, 17, 18 

as the “workhorse” flap in modern maxillofacial practice. The pre-eminence of the soft-

tissue radial flap has been challenged, with only limited success, by other flaps offering 

potentially less donor site morbidity, such as the fasciocutaneous ulnar flap 30-32, the 

septocutaneous lateral arm flap 33-37 and, most recently, the antero-lateral thigh perforator 

flap 38, 39. These developments reflect the increasing success and sophistication of free 

tissue transfer techniques which are being driven by a desire to improve the versatility of 

flap design whilst also minimising morbidity at the donor site 39, 40. During this period, the 

incidence of complications at the donor site of the radial flap has remained appreciable, but 
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techniques have become available to ameliorate the shortcomings of both the soft and hard 

tissue radial flaps and their respective donor sites 41-43.  

 

The radial flap is composed of either soft-tissue alone (fasciocutaneous or septocutaneous) 

or a composite of bone and soft-tissue (osteocutaneous). Healing at both types of donor site 

is complicated by three key events; loss of the skin graft, exposure of the flexor tendons 

and delayed healing 44. These complications may lead to a loss of function of the wrist or 

hand 44, 45. The osteocutaneous donor site may also fracture, causing substantial deformity 

and functional loss 46, and this led to a substantial decline in the popularity of the flap 43. 

The subsequent development of an increasing range of soft tissue and composite 

osteocutaneous free flaps has further expanded the reconstructive options available for 

managing complex defects of the oral cavity and facial skeleton 17, 47-51. At the same time, 

there has been increasing interest in minimising the morbidity associated with this 

prolonged and complex surgery.  

 

This thesis reviews the experience of the Author in managing and minimising the 

morbidity associated with flap reconstruction. The first chapter reviews the anatomy of the 

conventional fasciocutaneous soft tissue radial flap and subfascial donor site before 

introducing the concept of the septocutaneous radial flap and suprafascial donor site. 

Developments in flap harvest technique are described. This includes the experience of the 

Author in the largest prospective study of the septocutaneous radial flap. A comparatively 

low incidence of complications was reported. The sensory changes at the suprafascial and 

subfascial donor sites are also compared.  

 

The second chapter reviews the role of the osteocutaneous radial flap and the impact of the 

introduction of prophylactic internal fixation (PIF) by the Author in minimising the 

incidence of fracture at the radial donor site. Lower profile anatomically contoured plates 

have recently been introduced in orthopaedic practice and may have several advantages, 

including greater fixation in osteoporotic bone. The first report of the clinical use of  

T-shaped titanium plates, with a unilocking (monocortical) screw system, was described by 

the Author for PIF at the radial osteocutaneous donor site. The Author investigated the 

biomechanical issues related to clinical practice with an experimental laboratory system 

using the sheep tibia model of the human radius. The conventional straight plates using 

bicortical screw fixation were compared with the new T-shaped plates utilising 
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monocortical fixation. The Author then simulated this model using the techniques of 

Computer Aided Design (CAD) and finite element analysis (FEA). The simulation 

technique was validated by comparing the strengthening effect of differing types of straight 

and T-plate screw fixation systems with bicortical or monocortical screw systems. The 

FEA technique allows various clinical scenarios to be simulated without relatively costly, 

slow and inconvenient laboratory testing.  

 

In the third chapter, the Author used the FEA technique to study the effect of refinements 

in osteotomy design that are applicable to the radial donor site and other sites within the 

body. The introduction of a stop-hole at the site of osteotomy intersection to reduce peak 

stress concentration, and the risk of fracture, is described by the Author for the first time. 

The FEA technique was then utilised to investigate the biomechanical stability of a locking 

plate, with monocortical screw fixation, at a variety of segmental mandible defects 

commonly created during oncology surgery. This FEA model provides a good basis for 

developing refinements in plate design or the creation of a bone holding scaffold. The 

latter is a potential alternative to free tissue transfer that would reduce the morbidity 

associated with a bone flap donor site.     

 

Finally, the fourth chapter is an overview of the differing types of flap used by the Author 

for oral reconstruction over more than a decade. A variety of clinical outcomes are 

considered including: duration of gastrostomy dependency, surgical and medical 

complications, flap success and complications, infection with Methicillin resistant 

Staphylococcus aureus (MRSA), disease recurrence and cancer survival. The Author 

describes the largest reports of a cohort of patients with advanced oral tumours and 

substantial medical comorbidity managed with the pedicled pectoralis major (PPM) flap. 

Although the outlook with advanced or recurrent disease is poor 52-58, in the experience of 

the Author survival appears to be improving. Aggressive surgical treatment, in 

combination with a pragmatic outlook on the morbidity of reconstruction and 

compromised functional outcome associated with the PPM flap, is advocated. This chapter 

seeks to set the practice of the Author within the context of global utilisation of the PPM 

flap. The Author proposes that the versatile PPM flap remains a valuable reconstructive 

option both in the developed world, where free tissue transfer is established, and 

throughout the developing world when free tissue transfer is not an option.  
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Chapter 1 

Soft-tissue radial free flap and donor site  

Publications by Author 

 
Avery C. [Invited Review]. 
Review of the radial free flap: is it still evolving or facing extinction? Part one: soft tissue 
radial flap. 
Br J Oral Maxillofac Surg 2010;48:245-252. 
http://dx.doi.org/10.1016/j.bjoms.2009.09.004 
 
Avery C. 

 Prospective study of the septocutaneous radial free flap and suprafascial donor site. 
Br J Oral Maxillofac Surg 2007;45:611-616. 
http://dx.doi.org/10.1016/j.bjoms.2007.04.008 
 
Avery C. Sundaram K, Jasani V, A Peden, Neal C. 
A comparison of sensory changes at the suprafascial and subfascial radial donor sites. 
Br J Oral Maxillofac Surg 2012;50:495-499. 
http://dx.doi.org/10.1016/j.bjoms.2011.10.011 
 
Shim T, Abdullah A, Lanigan S, Avery C.  
Hairy intraoral flap – an unusual indication for laser epilation: a series of 5 cases and a 
review of the literature. 
Br J Oral Maxillofac Surg 2011;49:e50-52. 
http://dx.doi.org/10.1016/j.bjoms.2010.11.021 
 
 

1.1.i The radial soft tissue free flap 

 

The radial soft tissue flap remains the most popular flap for reconstruction of the 

maxillofacial region (Figure 1.1) 50. The Author reviewed the role of the radial flap and 

management of the donor site in 2010 42. The flap is still probably most commonly raised 

as a non-sensate fasciocutaneous flap using the original subfascial dissection technique 17, 

29, 44, 59, 60. The subfascial dissection technique was first described in the Chinese literature 

in 1981 by Yang 61. The blood supply of the flap came from the deep (subcutaneous) and 

superficial (subdermal) vascular plexus with perfusion to the skin via direct cutaneous 

branches of the radial artery.  
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Figure 1.1 
The radial flap with vascular pedicle. The long pedicle is ideal for reaching from the 
vascular anastomosis in the neck up to the oral cavity.  
 

 

 

1.1.ii Classification of fasciocutaneous flaps 

 

In 1984 Cormack 62 introduced a flap classification system based on the pattern of the 

blood supply (Table 1.1). The key principle is that fasciocutaneous vessels pass along the 

fascial septae between muscles to form a deep fascial plexus from which blood perfuses 

the skin. The radial flap is a Type C fasciocutaneous flap with multiple perforating vessels 

passing arranged along an intermuscular septum in a ladder-like configuration (Figure 

1.2). Venous drainage is through the subcutaneous vein system 63, although in the 

experience of the author and others 64, 65 it is also commonly through the venae comitantes 

or the conjoined system of deep and superficial veins.  

 
Table 1.1 
 
The classification of fasciocutaneous flaps by Cormack & Lamberty 62 
 
 

Type of flap Blood supply 

A Multiple independent perforating vessels entering flap with a proximal base 

B Solitary perforator at proximal end of islanded flap 

C Compartmental artery, septum containing perforators and flap, in continuity 

D Extension of C, with bone in continuity with fascial septum 
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Figure 1.2 
A Type C fasciocutaneous flap [From Avery 66]. 
 

 

 

 

 

 

 

 

 

1.1.iii Anatomy of the fasciocutaneous radial flap 

 

Within the anatomical 67, 68 and surgical 28, 69-72 literature the radial artery is described as 

lying deep to or within a condensation of the deep fascia of the forearm (Figure 1.3). The 

fascia was initially considered essential for skin perfusion 28, 69-72. In the first report of the 

surgical technique within the British literature, Soutar 28 described a subfascial plane of 

dissection which ensured the radial artery was safely elevated with the skin flap. 

 

1.1.iv Morbidity at the radial subfascial donor site 

 

The subfascial dissection technique removes the fascial covering over the flexor tendons 

and exposes the delicate paratenon. This site is unsatisfactory as a skin graft recipient bed 

because it is irregular, and the flexor tendons are mobile and poorly vascularised (Figure 

1.4).  
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Figure 1.3 
Subfascial dissection of fasciocutaneous flap resulting in exposure of the flexor 
tendons. Radial artery within the condensation of fascia [From Avery 66].  

 

 

Figure 1.4 
The subfascial donor site with exposed muscle and paratenon. Arrow indicates 
superficial branch of radial nerve. 
 

 

 

Although long term morbidity at the subfascial radial donor site is often considered 

relatively minor 44, 73, and of secondary importance to oncology patients, prolonged wound 

healing is an additional undesirable inconvenience after major surgery which may lead to 

significant loss of function and a poor aesthetic result 44. The incidence of the three most 
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widely reported indicators of unsuccessful initial wound healing has remained significant 

in large clinical studies (Table 1.2). The rate of skin graft loss is as high as 16% 44 to 28% 
45. Recent prospective series have claimed improved rates of healing of 91% 74 and 93% 75 

but excluded loss of less than 25% of the grafted area and late wound breakdown 

respectively, both of which are not uncommon. Loss of the skin graft often leads to 

exposure of the flexor tendons and delayed healing. The scarring and deformity of the 

forearm may be unsightly but is often apparently well tolerated 76, 77 except with elective 

reconstructions for benign disorders or female patients 78. 

 

1.1.v Reducing morbidity at the radial subfascial donor site 

 

Numerous techniques have been described to reduce morbidity at the subfascial donor site 

either by primary closure of the wound or improved healing of the skin graft. The early 

literature is composed of small retrospective reports with limited assessments of morbidity 
70, 71, 79, 80. Great importance has been placed on preserving the delicate layer of paratenon, 

excision of the palmaris longus tendon, immobilisation of both the wrist and skin graft 

within a plaster of Paris cast 81 and oversewing of the tendons 81 (Figure 1.5). The defect is 

most commonly repaired with a partial thickness skin graft 44, 82, 83. However, the skin graft 

donor site commonly suffers from complications 82 including; discomfort, slow healing, 

itching, unsightly scarring and also requires more dressing changes than a full thickness 

donor site 75. Despite these measures, loss of all or part of the skin graft remains relatively 

common (Table 1.2). 

 
Figure 1.5 
Oversewing of the flexor tendons at the subfascial donor site with the flexor pollicis 
longus and flexor digitorum superficialis muscles. 
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To avoid the morbidity of a skin graft donor site radial defects may also be closed primarily 
84, with an ulnar flap 85, Z-plasty 86, bilobed flap 87 or V-Y advancement closure 88-90 but 

these techniques may further distort the sensibility and appearance of the forearm 45, 85. 

Repair with an acellular human dermis matrix 91, 92 or artificial dermis material in 

combination with a partial thickness skin graft 93, 94 has little substantive benefit. 

          
Table 1.2 
Morbidity at the subfascial and suprafascial radial donor sites in major series  
[From Avery 66]. 
 
 Subfascial  Suprafascial  

 Bardsley 1990 Richardson 1997 Lutz 1999 Avery 2007  

Type of study  Retrospective Prospective Prospective Prospective 

Nos of donor sites (n) 67 86 95 121 

Skin graft thickness Partial  Partial  Mainly Partial Mainly Full 

Skin graft loss (%) 28* 16 6 4 

Tendon exposure (%) 28* 13 0* 3 

Delayed healing (%) 28* 22 5* 4 

 
* Implied 

 

1.2.i Anatomy of the septocutaneous radial flap  

 

It is still not generally appreciated that the distal radial artery, together with the skin 

paddle, may be safely separated from the underlying deep fascia. When Boo-Chai 95 

translated the original Chinese description of the radial flap in 1982, it was stated that 

Yang 96 had described the flap as “reticulovascular” in nature but this was not widely 

recognised. The subfascial, fascial and prefascial (suprafascial) vessels have a minor role 

in radial flap perfusion. In dissection studies the blood supply to the skin of the forearm is 

primarily from the extensive subcutaneous vascular plexuses lying superficial to the deep 

investing fascia 97-99 and multiple longitudinal perforating septocutaneous vessels 100. 

These findings were subsequently confirmed by Schaverien in 2008 101 using an 

anatomical dissection and perfusion study to compare the subfascial and suprafascial 

harvest of the radial flap. 
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In the distal forearm, the layers of deep fascia between the brachioradialis and flexor carpi 

radialis tendons form an investing septum around the radial artery (Figure 1.6). This fascia 

may be divided to raise the flap in a suprafascial plane and leave the fascia over the flexor 

tendons intact (Figures 1.7 & 1.8) 66, 102, 103. This meets the criteria used to define a 

septocutaneous perforator flap, as the vessels pierce the superior layer of deep fascia before 

traversing only a septum to supply the skin as described by Wei 104 and then Blondeel 105. 

This interpretation and classification may depend on whether a specific septum has been 

dissected and is a matter of debate 39.  

 
Figure 1.6 
In the distal forearm the radial artery is enveloped within a tunnel of investing fascia 
[From Avery 66]. 
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Figure 1.7  
Division of the lateral aspect of the fascial envelope. The height of the perforating 
septocutaneous vessels is exaggerated [From Avery 66]. 

 

 
 
Figure 1.8 
Preservation of the deep layer of fascia. The height of the septum has been 
exaggerated. [From Avery 66]. 

 

 

1.2.ii The suprafascial dissection technique 

 

The radial flap may be safely raised as a septocutaneous flap by utilising a suprafascial 

dissection technique 42, 66, 102, 103, 106, 107 with re-innervation if necessary 11, although some 

spontaneous sensory recovery will occur as previously described by the Author 108. In 

1996, Chang 102 first described division of the deep fascia investing the radial artery to 
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raise a septocutaneous flap. In 2007, the Author reported the most detailed anatomical 

description of the septocutaneous flap and suprafascial dissection technique 66.  

The dissection continues beneath the subcutaneous plexus and along the fascial tunnel 

(Figures 1.9 & 1.10).  

 

Figure 1.9 
Suprafascial dissection below the subcutaneous plexus [From Avery 66]. 
 

 
 

Figure 1.10 
Vascular pedicle elevated from the floor of the fascial envelope [From Avery 66]. 
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The only vessels between the deep investing fascia and the flap were perforating muscular 

and periosteal vessels on the under surface of the pedicle, and a few fasciocutaneous 

vessels to or from the fascia (Figure 1.11). This is consistent with the hypothesis that the 

fascia has a minor role in perfusion of the flap. The distal skin flap is elevated in close 

proximity to the deep subcutaneous tissues (Figure 1.12). The proximal dissection is then 

completed in the conventional manner.  

 
Figure 1.11 
Perforating muscular and periosteal vessels from the under surface of the radial 
artery [From Avery 66]. 

 

 

Figure 1.12 
Radial flap with the vascular pedicle intimately related to the deep subcutaneous 
tissues [From Avery 66]. 
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1.2.iii Reliability of the septocutaneous radial free flap  

 

The suprafascial technique had previously only been reported by the Plastic Surgery 

Department at the Chang Gung Memorial Hospital, Taipei (Taiwan), with flap success 

rates of 96.8% to 100% 11, 65, 106. These outcomes were initially corroborated by the Author 

in 2001 103 and then confirmed in the largest prospective series (121 septocutaneous flaps) 

in 2007, which described a flap success rate of 97% 66. These outcomes were comparable 

with free flap success rates in general (97%) from this major unit in Taiwan 109 and with 

the incidence of exploration and salvage of flaps within the literature 65, 109-112. 

 

In contrast, many of the large series of fasciocutaneous radial flaps have not stated flap 

success outcomes 44, 45, 74, 75 whilst others describe similar rates of 92.5 % 113, 96.6% 

(excluding partial failures)59, 96.7% 111 and 98% 112. The Author believes a success rate of 

95% has become an informal benchmark figure.  

 

1.2.iv Morbidity at the radial suprafascial donor site 

 

Prospective reports of wound healing at the suprafascial donor site by Lutz 106 and the 

Author 66, 106 support the hypothesis that this donor site provides a superior skin graft 

recipient site. The fascia and residual soft-tissue on the radial aspect is vascularised and the 

skin graft is protected from the movement of the underlying tendons (Figures 1.13 & 

1.14). In the most detailed study by the Author 66 all complications were captured. The 

incidence of skin graft loss (4%), tendon exposure (3%) and delayed healing (4%) were 

comparatively low and consistent with the later findings of Lutz 106 (Table 1.2). In the only 

prospective randomised comparison between the suprafascial and subfascial donor sites, 

the incidence of tendon exposure was substantially lower at the suprafascial site (3%, 1/30 

vs. 21%, 6/28) 114.  
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Figure 1.13 
The vascularised suprafascial donor site. Arrow indicates superficial branch of radial 
nerve [From Avery 66]. 
 

 

 
Figure 1.14 
Close up view of deep fascia covering the paratenon of the flexor tendons, which 
creates a smooth vascularised bed for skin grafting [From Avery 66]. 
 
 

 

 

1.2.v Management of the radial suprafascial donor site  

 

The Author prefers to repair the majority of radial defects with a full thickness skin graft 

and to close the graft donor site primarily to avoid the morbidity associated with a partial 

thickness donor site. The Author first described the inner upper arm skin graft donor site in 
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2005 77 and subsequently noted full thickness grafts heal with less contraction in 2007 66 

and possibly marginally better sensory recovery in 2011. Full thickness grafts may also 

offer better functional and aesthetic outcomes 76, 77, 89, 115, 116 although this has been  

disputed 75, 117.  

 

The type of wound dressing is an important, but unquantified, factor in healing at the radial 

donor site. The use of a negative pressure wound dressing (NPWD) at the radial donor site 

was first described by the Author in 2000 118, 119. The NPWD may expedite early 

revascularisation and healing of skin grafts 120-122 although not all studies have supported 

these findings 123. The NPWD closely adapts the skin graft to the recipient site, minimising 

movement and eliminating dead space (Figure 1.15). At the radial site an additional 

advantage is that it is unnecessary to extend the NPWD over the hand, and the wrist may 

be immediately mobilised 103, unlike conventional support dressings. Excellent rates of 

graft healing at both the subfascial and suprafascial donor sites with either partial or full 

thickness skin grafts have been described 66, 83, 118, 119, together with superior results in a 

small retrospective comparison with the conventional bolster technique 124. The NPWD 

dressing has also been used to stimulate healing by secondary intention over exposed 

flexor tendons 83 and by the Author to facilitate early re-grafting following infection with 

MRSA 125.  

 
Figure 1.15. The negative wound pressure dressing holds the skin graft on to the 
radial recipient site.  
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1.3.i Sensory recovery at the subfascial and suprafascial radial donor sites 

 

Sensory recovery following flap reconstruction of the oral cavity is incomplete and has 

been widely reported, including a comparison of the fasciocutaneous and septocutaneous 

variants of the radial flap by the Author 108. In contrast, the incidence and pattern of 

sensory changes at the radial forearm donor site are poorly described. Sensory loss is 

widely variable and occurs at between 17% to 80% of subfascial donor sites 44, 73, 113, 126-130. 

Previous reports have mainly noted sensory changes in the distribution of the superficial 

branch of the radial nerve (SBRN). The SBRN lies above the investing fascia and has to be 

mobilised with a subfascial dissection (Figure 1.4) but with a suprafascial approach this is 

not required (Figure 1.13). Initially, Chang 131 reported “little or no significant numbness” 

at the suprafascial donor site and Lutz 132 later described SBRN paraesthesia at 54% of 

sites with “transient and mild” dysaesthesia.  

 

It was unknown whether improved sensory recovery occurred at the suprafascial donor site 

so the Author undertook the first detailed objective comparison of the respective donor 

sites and reported the results in 2011 133. The pattern of sensory recovery was variable, 

with no significant differences in either global or individual site perception for most 

sensory modalities except for superior thenar palmar light touch in the suprafascial group 

(Table 1.3). This may be due to injury to the palmar cutaneous branch of the median nerve 

which lies just beneath the flexor tendons mobilised in the subfascial dissection 134, 135. 

Nerve injury may also occur in the proximal part of the forearm dissection regardless of 

the distal flap elevation technique employed, so reduced mobilisation of the SBRN may 

have no beneficial effect on sensory outcomes.  

 

This study allows the Author to inform patients of the expected long-term morbidity. The 

majority will have reduced two-point discrimination and loss of sharp touch of the anterior 

forearm and approximately half have some reduced light touch sensation, but temperature 

sensation will be altered in only a third or fewer. Whether these changes are noticeable to 

the patient has not been studied. The recovery of sensation in the skin graft used to repair 

the radial donor site was very poor. The marginally better light touch sensation at the 

suprafascial donor site may be related to the predominance of full thickness skin grafts and 

greater potential for random regeneration of cutaneous nerves at the subdermal level 108, 136, 

but this is just speculation.  
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Table 1.3 
Percentage of patients with reduced or absent perception of different sensory 
modalities (relative to non-donors arm) affecting at least one anatomical zone  
[From Avery 133]. 
 

Modality 
Subfascial group 

% (n) 
Suprafascial group 

% (n)  
p-value 

 
Sensory modalities reduced but not lost 

 

Light touch 50% (15) 56.7% (17) 0.61 
Two-point discrimination  96.7% (29) 96.7% (29) 1.00 
 
Sensory modalities lost 

 

Sharp touch 89.9% (27) 83.3% (25) 0.71 
Hot temperature 26.6% (8) 16.7% (5) 0.35 
Cold temperature 33.3% (10) 26.7% (8) 0.57 
 
Loss or reduction in perception of multiple modalities 

 

Loss/reduction at least 
one modality 

100% (30) 100% (30) 1.00 

Loss/reduction in at least 
three modalities 

73.3% (22) 63.3% (19) 0.41 

 

1.3.ii Management of the intra-oral hairy radial flap 

The skin flap used to reconstruct the oral cavity, oropharynx or oesophagus will typically 

contain hair bearing tissue. Excessive unwanted hair growth may present as irritation, 

pooling of saliva, trapping of food and postoperative dysphagia and is difficult to manage 
137-140. Treatment may include regular trimming of hairs, sometimes under endoscopic 

guidance 137, 140. Electrolysis is technically difficult to perform within the posterior 

oropharyngeal folds or hypopharynx 139. Complete hair depilation may occur with 

postoperative radiotherapy 141, but the result is unpredictable and radiotherapy is not 

always necessary.  

Hair depilation of a radial flap with an Nd:YAG laser may be effective 139 but not 

permanent 142, 143. The alexandrite laser using fibre-optic instrumentation has offered 

promising initial results 138, 143. In 2011, the Author reported a small series of 5 patients, of 

which 4 had a radial flap, successfully managed for the first time with the alexandrite laser 
144. Treatment was most effective when the hair pigment is darker than the surrounding 

skin pigment and is apparently long lasting (Figures 1.16 & 1.17). This treatment has 

become increasingly popular at the Birmingham (UK) centre with high levels of patient 

satisfaction 145.  
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Figure 1.16  
Radial flap with hair on reconstructed aspect of tongue (Arrow) [From Shim 144]. 
 
 

 

 

Figure 1.17 
Significant reduction after alexandrite laser therapy [From Shim 144]. 
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1.3.iii Current role of the radial soft tissue flap 

 

The popular and versatile fasciocutaneous radial flap is robust, reliable, simple to harvest, 

produces a satisfactory outcome and will remain the most popular flap for oral 

reconstruction in the foreseeable future. However, it suffers from appreciable initial 

morbidity at the donor site. Many surgeons employ a limited repertoire of flaps and these 

qualities will ensure that in the intermediate future the majority of surgical trainees will 

continue to be primarily exposed to the basic fasciocutaneous variant. However, in a large 

oncology practice it is important to expand the armamentarium of flap options available to 

optimise the management of a wide range of defects. In order to remain the flap of choice 

there is increasing support for the use of evolutionary techniques, such as the suprafascial 

dissection together with repair of the radial donor site with a full thickness graft. A 

negative pressure wound dressing may further minimise morbidity at the donor site. These 

technical refinements probably produce the best outcomes currently achievable when 

managing the inherent flaws of the radial donor site.  
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Chapter 2 

Osteocutaneous radial free flap and donor site 

Publications by Author  

 
Avery C. [Invited Review]. 
Review of the radial free flap: still evolving or facing extinction? Part two: osteocutaneous 
radial free flap. 

 Br J Oral Maxillofac Surg 2010;48:253-260. 
http://dx.doi.org/10.1016/j.bjoms.2009.09.017 

 

Avery C,Martin T, Parmar S. 
The use of a T-shaped contoured unilocking titanium radial plate for prophylactic internal  
fixation of the radial osteocutaneous donor site. 
Br J Oral Maxillofac Surg 2011;49:152-153. 
http://dx.doi.org/10.1016/j.bjoms.2010.01.013 
 
 
Avery C, Skidmore M, Peden A, Pan J.  
Biomechanical study of a unilocking T-plate system for prophylactic internal fixation of the 
radial osteocutaneous donor site using the sheep tibia model. 
Oral Oncol 2011;47:268-273. 
http://dx.doi.org/10.1016/j.oraloncology.2011.02.004 
 
 
Avery C, Bujtar P, Simonovics J, Sándor G, Pan J, Váradi K A. 
A finite element analysis of bone plates available for prophylactic internal fixation of the 
radial osteocutaneous donor site using the sheep tibia model. 
J Med Eng Phy 2013;35:1421-1430. 
http://dx.doi.org/10.1016/j.medengphy.2013.03.014 

 

2.1.i The radial osteocutaneous flap 

 

The radial osteocutaneous flap was the first reliable free flap reconstruction for continuity 

defects of the mandible 29, 45, 72, 146. The two main factors contributing to the decline in 

popularity of the flap were the limited quantity of bone available and the morbidity at the 

donor site, particularly after fracture. In leading centres 50, 147 the radial flap has gradually 

been replaced by the iliac 48, 148-151, fibula 152-154 and scapula 155-157 flaps for reconstruction 

of large segmental defects of the mandible. However, the radial flap remains useful for 

limited mandible, maxillary or palatal defects with a significant soft-tissue component 50, 

158, 159 and in the presence of significant comorbidity 43, 160. The Author reviewed the role 

of the osteocutaneous flap and management of the donor site in 2010 43. 
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2.1.ii Anatomy of the osteocutanous radial flap 

The osteocutaneous flap includes a strut of the radius (Figure 2.1) and is harvested from 

the antero-lateral surface of the distal radius between the insertions of the pronator teres 

muscle proximally and the brachioradialis muscle distally (Figures 2.2 & 2.3). 

 

Figure 2.1  
The osteocutaneous radial flap. Arrow indicates bone element. 
 

 

 
Figure 2.2 
Skin markings of the radial styloid (arrow) and osteocutaneous flap. 
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Figure 2 .3 
The donor site of the osteocutaneous flap [From Avery 43]  

 

2.1.iii Classification of osteocutaneous radial flap 

 

The vascular supply of the bone component is from fascio or septoperiosteal branches of 

the radial artery and the musculoperiosteal plexus of the flexor pollicis longus muscle. It is 

a Type D flap 62, 161, 162. The flap is commonly harvested using a subfascial dissection but 

an incomplete suprafascial approach may also be used 43, 160 (Figure 2.4). 

 

Figure 2.4 
Cross-sectional view of osteocutaneous radial flap. [From Avery 41]. 
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2.1.iv Morbidity at the radial osteocutaneous donor site  

 

The main cause of significant functional and aesthetic morbidity at the forearm is 

fracturing of the osteotomised radius 44, 45. Management of a displaced fracture may 

include prolonged immobilisation or open reduction and bone grafting 163, 164. The 

incidence of fracture in early reports varied from 28% to 43% 29, 72, 79, 165 and in subsequent 

larger series was 23% to 31% 45, 166. In the most recent large reports the incidence was 

lower at 15% to 19% 44, 164, 167 (Table 2.1) but with a mean of 25% in one major review 46. 

These are the lowest rates of fracture that may be achieved using conventional surgical 

techniques.  

 
Table 2.1 
Morbidity at the osteocutaneous donor site [From Avery 43]. 
 

  Richardson 1997 44 Thoma 1999 164 Clark 2004 167

Type of study Prospective Retrospective  Retrospective 

Donor sites (n) 35 60 68a

Type of osteotomy Keelb Keel Bevel and right-

angle 

Mean bone length (cm) 8.5 9  7.7  

Radial circumference (%) 30 -50b 30-50 30-50b 

Type of cast (weeks) Above elbow (6) Below-elbow (-)  Above-elbow (8) 

Incidence of fracture % (n) 17 (6) 15 (9) 19 (13)

Secondary surgery % (n) - 10 (6) 9 (6) 

Statistically at higher risk Women None Women 

 
- Unknown 
a 71 donor sites of which 3 with PIF excluded 
b Confirmed by author  

 

2.1.v The weakening effect of an osteotomy 

 

The main weakening effect of an osteotomy comes from disruption of cortical integrity 79 

following the creation of an “open-section” defect 167, 168. This causes a significant loss of 

strength in torsion by reducing the ability of the bone to absorb energy 169, 170. The greatest 

effect is on bones, such as the radius, with thin cortical walls and with long transcortical 

defects 171. Most fractures of the radius are spiral and probably caused by relatively low-
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energy torsion forces as the radius is able to withstand much greater bending forces 46, 168, 

172, 173. 

Seventy-five percent or more of the strength of both the human radius in bending 172, and a 

sheep tibia model in torsion 168 is lost by removing up to 50% of the bone circumference. 

Bevelling the proximal and distal osteotomy cuts or varying the dimensions of the 

osteotomy defect has relatively little strengthening effect 168. The recommended amount of 

the radius which may be “safely” removed is one third of the diameter 172, 30% of the 

cross-sectional area 168 or 40% of the circumference 29, 174.  

 

2.1.vi External and internal support of the osteotomised radius  

 

External support has an important but limited and undefined role in protection of the 

osteotomised radius 167, 175, 176. Six weeks of immobilisation in an above-elbow cast has 

been recommended 176 but the fracture rate with this typical regimen is still as high as 19% 
167 (Table 2.1). 

 

An intramedullary nail may be inserted by an orthopaedic surgeon 177 but is ineffective in 

reducing rotational forces if incorrectly applied 178. A more familiar fixation method, 

which may be applied by a maxillofacial surgeon, is prophylactic internal fixation (PIF) 

with a cortical bone plate. Prophylactic internal fixation may prevent the pathological 

fracture of a long bone 179-182. The same principle was reported for the first time at the 

radial donor site by the Author in 1999 183. A 3.5 mm steel dynamic compression plate 

(DCP) was placed over the donor site defect (anterior position) (Figures 2.5 to 2.7) in a 

non-compressive mode and acts as a bridging reinforcement. Fixation with a minimum of 4 

bicortical screws was recommended (Figure 2.8). The introduction of PIF was a 

significant development and the technique has become widely established as the definitive 

reliable method for harvesting up to 50% of the radial circumference 160, 184 and may 

increase utilisation of the flap 184, 185. 
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Figure 2.5 
The osteotomy site with a cuff of the flexor pollicus longus muscle [From Avery 43]. 
 

 

 
 
Figure 2.6 
The section defect of the anterior surface of the radius with bevelled osteotomy end 
cuts [From Avery 43]. 
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Figure 2.7 
A reconstruction plate over the section defect [From Avery 43]. 
 

 

 

Figure 2.8 
Radiograph demonstrating fixation with bicortical screws [From Avery 43]. 
 

 

 

 

 



Thesis	Submitted	for	Degree	of	Doctor	of	Medicine.	CME	Avery.		 2014	

 

52 | P a g e  
 

2.2.i Strengthening effect of prophylactic internal fixation: Initial biomechanical 

studies 

 

The significant strengthening effect of PIF in either the anterior (over donor site defect) or 

posterior (on intact opposite radial cortex) position has been demonstrated in 

biomechanical studies. In 2000 Bowers 46 reported that the osteotomised human radius, 

supported with a 3.5 mm steel DCP in the posterior position, was 4 times stronger in 

torsion than an unreinforced bone or 63% of the strength of an intact bone. Under bending 

the reinforcement was 2.7 times greater or 73% of an intact bone. In 2007 the Author 186 

described the strengthening effect of different types of plate in either the anterior or 

posterior positions using a validated sheep tibia model of the radius 168. The mean torsional 

and bending strengths of a reinforced osteotomised bone were 1.6 and 2.8 times greater 

respectively than an unreinforced bone. A 3.5 mm DCP wholly restored torsional strength 

in either the anterior (97%) or posterior (101%) positions and partially restored bending 

strength in both the anterior (46%) and posterior (80%) positions. Although a posterior 

plate was more effective in withstanding bending forces this is probably not important in 

clinical practice as fracture is more likely to occur with a lower torsional force and the 

anterior position is equally effective at resisting torsional forces 168, 172, 186. 

 

2.2.ii Strengthening effect of prophylactic internal fixation: Clinical studies 

 

The posterior 187, 188 and anterior 160, 185, 189 plate positions have both been successfully 

employed, including by the Author 160, in retrospective clinical series with a substantially 

reduced overall incidence of fracture (2.6%, 7/268 donor sites) (Table 2.2). The Author 

believes up to 50% of the radial circumference may be safely harvested 160, 187 whilst the 

radius is protected with a full below-elbow cast that allows early mobilisation 185, 187.  

 

2.2.iii Reduced incidence of secondary surgery with prophylactic internal fixation 

 

The need for secondary surgery is much lower when PIF has been applied because fewer 

fractures occur or become displaced. The overall incidence of secondary surgical repair 

with PIF is very low 0.4% (1/268 donor sites) and repair is much less frequently required 

should fracture occur (14%, 1/7 fractures) (Table 2.2). This contrasts with the much higher 
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rates of secondary surgery without PIF of 9% (6/68 donor sites and 46% of fractures 6/13) 
167 and 10% (6/60 donor sites and 67% 6/9 of fractures) 164 (Table 2.1).  

 

Table 2.2 
Clinical studies of the morbidity at the radial osteocutaneous donor site associated 
with prophylactic internal fixation [From Avery 43].  
 

Author Werle 

 2000 187 

Villaret 

 2003 185 

Militsakh  

2005 188 

Kim  

2005 189 

Avery  

2007 160 

Type of study Retrospective  Retrospective Retrospective Retrospective Retrospective  

Type of osteotomy Bevel Bevel Bevel Keel Mostly Bevel 

Mean (range) bone length 

(cm) 

7.6 (5.5-12) - 6.6 (3-12) 6.3 (3-11) 7 (4-9.5) 

Radial circumference (%) 50 40 50 - 33-50 

Donor sites with PIF 52 34 108 52 22 

Site of plate fixation Posterior  Anterior Posterior Anterior Anterior 

Type of fixation plate  Steel DCP, 

 LC-DCP, 

reconstruction 

Steel DCP Steel DCP Steel DCP Steel DCP, 

titanium, 

reconstruction 

Incidence of fracture % (n) 9.6 (5)* 0 (0) 0 (0) 1.9 (1) 4.5 (1) 

Secondary surgery % (n) 0 (0) 0 (0) 0 (0) 1.9 (1) 0 (0) 

Number plates removed  0 1 1 0 0 

 
- Data not available 
* No fractures after the use of monocortical screws in the section defect was discontinued 

 
 

2.2.iv Potential complications and plate selection with prophylactic internal fixation 

 

In the long term a sufficiently large plate may cause a stress protection effect leading to 

localised osteopenia and late fracture. The mechanisms may include mechanical unloading 
190-193 and reduced cortical perfusion 194-196. However, concerns about PIF have proved 

unfounded. Late incomplete remodelling of bone defect has been observed 160, 187, 197 and 

less than 1% (2/268) of plates inserted have been removed for complications (Table 2.2). 

 

2.2.v Indications for prophylactic internal fixation 

 

Selective PIF has been advocated for older females with a smaller radius and increased risk 

of osteopenia 167, 198. A significantly higher rate of fracture for females has been reported in 
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two of the larger studies 44, 167 but not all series 164, and no relationship to age has been 

established. In the view of the Author there is no evidence to oppose the routine 

application of PIF but selection criteria may evolve with greater experience. 

 

2.3.i Developments in the plate design 

 

The main developments in plate design have been unilocking screw systems and limited 

contact plates to reduce the risk of osteopenia caused by a compromised periosteal vascular 

supply 195, although the latter has been disputed 193. Titanium, rather than steel, plates may 

have less of a stress shielding effect because the elastic modulus and structural stiffness of 

the plate is lower and closer to bone which should allow greater sharing of the load 186, 197, 

199. Low profile contoured unilocking plates designed for fractures of the distal radius have 

become increasingly popular and may achieve greater fixation in osteoporotic bone 200, 201. 

As many oncology patients are elderly this may be a further advantage.  

 

2.3.ii Anatomically designed T-shaped unilocking radial plate 

 

The 3.5 mm steel dynamic compression plate (DCP) used in the conventional PIF 

technique is quite bulky and requires careful adaptation. In 2010 the Author described the 

first reported experience of PIF of the radial donor site with lower profile 3.5 mm T-shaped 

anatomically contoured plates and lighter 2.4 mm T-shaped plates in a small clinical  

series 202. Both designs incorporated a unilocking screw system and the angulated distal 

end facilitates the safe removal of the maximum amount of bone near the wrist joint 

(Figures 2.9 & 2.10). Locking technology has imparted greater angular stability and 

iatrogenic fracture is less likely during screw insertion as only one cortex is engaged. The 

plates are lighter and more readily adapted although close adaptation to the bone is less 

important as the unilocking screw system acts as an “internal fixation” device. The new 

unilocking plate systems may become the method of choice for PIF once greater clinical 

experience has been accumulated. 
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Figure 2.9 
An LCP contoured titanium plate with an extended proximal shaft positioned over 
the anterior radial donor site [From Avery 202]. 
 

 
 
Figure 2.10 
The distal screws near the wrist joint are unicortical whilst the proximal screws in the 
radial shaft may be uni or bicortical [From Avery 202].  
 

 
 

2.3.iii Strengthening effect of prophylactic internal fixation: Current biomechanical 

studies 

 

Until recently, the biomechanical effectiveness of new unilocking plate systems was 

unknown. In 2011 the Author published the first comparison of the effectiveness of T-plate 

unilocking systems with a conventional 3.5 mm straight steel plate utilising bicortical 

screw fixation for PIF 203. This biomechanical laboratory study used the sheep tibia model 

of the radius and incorporated a standardised section defect (Figure 2.11). A range of 

plates in both the anterior and posterior positions were compared (Figures 2.12 to 2.15).  

 
 
 



Thesis	Submitted	for	Degree	of	Doctor	of	Medicine.	CME	Avery.		 2014	

 

56 | P a g e  
 

Figure 2.11 
Standardised section defect in sheep tibia [From Avery 203]. 
 

 

 
Figure 2.12 
Conventional straight 3.5 mm steel plate over defect (anterior position) with 2 
bicortical screws at each end in a non-compressive position. This is the minimum 
number of screws required for stability [From Avery 203].  
 

 

 
Figure 2.13 
Conventional straight 3.5 mm steel plate on intact cortex (posterior position) with 4 
bicortical screws [From Avery 203].  
 

 

 
 
Figure 2.14  
 
T-shaped titanium plate over defect (anterior position) with two unicortical screws 
either side of the section defect and within the T-shaped end [From Avery 203].  
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Figure 2.15 
Overview of T-shaped titanium plate over the defect and in the anterior position 
[From Avery 203]. 
 
  
 

 

 

 

 

All plates significantly strengthened an osteotomised bone under bending [factor of 1.73 to  

2.43] and torsional [factor of 1.54 to 2.63] loading. The tibia withstood much greater 

bending loads, which is consistent with our previous findings 186. When compared to an 

intact bone (100%) an anteriorly positioned straight steel 3.5 mm DCP almost fully 

restored the mean bending strength (84%) and partially restored the torsional strength 

(62%). A 3.5 mm titanium T-plate had a similar strengthening effect under bending loads 

(87%) but was not as effective under torsional loading (40%). The 2.4 mm T-shaped 

titanium plate was least effective (63% bending and 36% torsion) (Table 2.3). The 3.5 mm 

DCP straight plate was significantly stronger in torsion and is most effective for resisting 

the torsional stresses likely to cause fracture.  

 

A posteriorly positioned plate resisted greater bending loads but in the opinion of the 

Author this is probably unimportant in clinical practice as the radius withstands much 

greater bending forces 186. The surgical approach for a posterior plate is less popular as it is 

more demanding with thinner soft-tissue coverage and increased risk of tendon injury, 

although this risk is reduced with low profile plates 197, 200, 204. However, there has been no 

direct clinical comparison between the two surgical approaches. 
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Table 2.3 
Biomechanical studies of reinforcement of the osteotomised radius and tibia  
[From Avery 203]. 
  

 
 Bowers 2000 46 Avery 2007 186 Avery 2011 203 

Type of bone Cadavaric Human Radii Sheep Tibiae Sheep Tibiae 

Number of pairs 20 50 40 

Length of osteotomy (cm) 8 6 4 

Amount of bone removed 50% cross-section 40% circumference 40% circumference 

Type of plate and position DCP posterior DCP posterior & anterior DCP posterior & anterior 

T-Plate posterior & anterior 

Percentage strength retained - osteotomised: intact bone (100%)   

Torsion 18  69 23 

4-point bending 24 35 36 

Percentage strength restored - osteotomised + DCP posterior: intact bone (100%) and ratio mean increase in strength (n) 

Torsion 63 (4) 101 (1.6) 44 (1.9) 

4-point bending 73 (2.7) 80 (2.8) 62 (1.7) 

Percentage strength restored - osteotomised + DCP anterior: intact bone (100%) and ratio mean increase in strength (n)  

Torsion - 97 (1.8) 62 (2.6) 

4-point bending - 46 (2.3) 84 (2.3) 

 
DCP = Dynamic compression plate 
 

 
2.3.iv The finite element analysis technique and biomechanical testing  

 

Biomechanical laboratory testing is time consuming and expensive, whilst access to human 

tissue is limited. The use of finite element analysis (FEA) techniques has become well 

established in engineering and biomechanical research. The FEA technique is increasingly 

applied within the maxillofacial surgery to study issues such as the effect of aging 205, oral 

surgical procedures 206, osteotomy design 207, effect of marginal resections 208, 209 and 

design of reconstruction plates 210, 211. 

 

The textbook by Zienkiewicz 212 provides an excellent overview of the fundamental 

principles of finite element analysis. The FEA technique is mathematical and 

computational tool for performing engineering analyses in a virtual environment. The key 
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advantage is the ability to undertake relatively rapid analysis of complex problems 

involving multiple interdependent variables without the need to create physical prototyping 

models. It is possible to manipulate the shape, size and material qualities of a system to 

predict outcomes and meet design criteria. The effects of different types of materials and 

designs may be simulated under varying physical conditions leading to improvements in 

reliability and efficiency. The typical design requirements include minimising volume, 

fitting in to a constrained shape, limiting deformation and minimising stresses to avoid 

material failure.  

 

In a finite element model a physical object is represented by a “mesh” of small elements. 

The technique utilises mathematical methods to generate the mesh that subdivides a 

complex problem in to smaller elements. Each element represents a different and small 

volume of the physical system and can be assigned different physical properties, such as a 

Young’s modulus or density. The vertexes of the elements are known as “nodes” and the 

finite elements are connected to these nodes to form the finite element mesh that embodies 

the assigned material and structural properties. The physical properties and the boundary 

conditions define how the model will respond to different external conditions. In order to 

increase the accuracy of the modelling the density of the finite element mesh is adjusted so 

regions with higher levels of stress variation have greater density. 

 

All FEA software programmes include a finite element method algorithm which is utilised 

for the numerical analysis which provides an approximation to the exact result. A variety 

of load types can be applied to the FEA model. These may include nodal forces such as 

biomechanical moments, displacements, velocities or accelerations and elemental forces 

such as loading and pressure. The type of analysis may be linear or non-linear with the 

latter effects caused by either parts of the model coming into contact and interacting or 

stresses in parts of the model exceeding the elastic limit. The typical outcomes measured 

are nodal displacement, together with elemental stress and strain values. 
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In our studies we have created the FEA model by using commercially available software. 

The DICOM (Digital Imaging and Communications in Medicine) data from computerised 

tomography (CT) imaging of the tibia was imported into a computer aided design (CAD) 

programme for geometrical reconstruction. The relative bone density values were obtained 

by linear association with the CT Hounsfield data. These values were linked to the material 

properties of bone such as the Young’s modulus (E). The bone plates were recreated using 

the reverse engineering method with CAD software. Physical properties were assigned 

from known engineering values. These CAD models were then meshed to form a FEA 

model. Isotropic, linear elastic elements composed of non-homogenous 10-node quadratic 

tetrahedrons were used to represent physical structures and a linear analysis performed. 

The characteristics of the FEA model were refined with experience to optimise boundary 

conditions and simplify the analysis. 

 

2.3.v Finite element analysis of bone plates available for prophylactic internal 

fixation  

 

In 2013, the Author reported an FEA analysis of the plates available for PIF 208. A FEA 

technique has greater relevance once an appropriate biomechanical model has been 

validated.  

Hence the strengthening effect with both conventional DCP plates and unilocking T-plates 

was modelled based on our previous biomechanical laboratory studies 186, 203 to investigate 

whether our FEA model could provide an accurate representation of the sheep tibia 

biomechanical model. A standardised defect (Figure 2.16) was created and then 

strengthened with the 4 plates most commonly used for PIF. These constructs were tested 

under simulated torsional and 4 point bending (Figures 2.17 to 2.19). Only the anterior 

plate position was used as this is the most common surgical practice.  
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Figure 2.16  

Standardised simulated osteotomy defect of 40% circumference and 4 cm length with 
45 degree sloping osteotomy end cuts. The bone specimen voxel values ranged from -
208 to 1838 Hounsfield Units. These units have been split into 100 equal width 
subgroups marked by a corresponding bar on the diagram with the number of 
elements within each subgroup on the y-axis [From Avery 208].  

 

 

 

 

 

 

 

Figure 2.17  

Conventional 3.5 mm steel plate over defect (anterior position) with 2 bicortical 
screws at each end in a non-compressive position. This is the minimum number of 
screws required for stability [From Avery 208]. 
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Figure 2.18  

Straight 3.5 mm plate with unilocking screw fixation [From Avery 208]. 

 

 

Figure 2.19 

T-shaped titanium plate over defect (anterior position) with two unicortical screws 
either side of the section defect and within the T-shaped end [From Avery 208].  

 

 

2.3.vi Strengthening effect of prophylactic internal fixation 

 

The plates, or constructs, that generated the lowest stress values (von Mises stress or 

maximum principle stress) are potentially the strongest forms of reinforcement (Figure 

2.20).  

 

In general the strengthening effects with the FEA model under bending [factor 1.48 to 

3.71] and torsion [factor of 1.24 to 1.67] were comparable to the sheep tibia model [factor 

1.73 to 2.43 under bending and 1.54 to 2.63 under torsion]. The strongest plate overall was 

a straight 3.5mm steel unilocking plate not previously tested in the sheep tibia experiment 
203. The 3.5 mm straight DCP plate and the 3.5 mm unilocking T-shaped plate were also 

both effective and all three plates are appropriate for PIF. 
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Figure 2.20 
The regions of peak von Mises stress concentration within the reinforced construct 
are either around the screws or at the angle of the base of the osteotomy site  
[From Avery 208].  
  

 
 

1&2  Screws closest to osteotomy defect 
3&4  Angles at base of osteotomy defect  

 
 
 
2.3.vii Interpretation of finite element analysis 

 

The use of FEA modelling provides a deeper understanding of the interactions between the 

bone and differing types of reinforcement. The FEA technique is not susceptible to the  

inherent variation in quality of bone specimens but is only a simulation and the quality of 

the modelling and characteristics of the boundary conditions are important factors that 

influence the outcome. Modelling of the load bearing structure of the skeleton may utilise 

various strategies for volumetric model generation, meshing protocols and different types 

of elements 213, 214. A simplification in this study was to assign isotropic, rather than 

anisotropic, mechanical parameters to the FE mesh. Although bone behaves as an 

anisotropic composite material, the outer cortical layer of a long bone demonstrates 

directionally dependent isotropic behaviour with considerable variation 215, 216. This 

simplification may influence the depth and direction of stress penetration, and ultimately 

the orientation of fracture formation but more sophisticated anisotropic features are rarely 

applied 205, 217-219.  

 

The appropriate criteria for bone failure have not yet been established. It is unclear whether 

bone should be treated as a brittle material, in which case the maximum stress (indicating 

onset of cracking) should be utilised, or managed as a ductile material, as in this study, 
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when the von Mises stress (indicating onset of plastic deformation) was applied. Finally, 

this model assumed a continuous perfect bond between the screw fixation and bone to 

create a more linear model. However, under normal loading this connection would loosen 

at peak stress and create a dynamic non-linear interface resulting in separation and crack 

propagation or shearing. However, this simplification did not alter the rank order of the 

plates.  

 

Therefore, this FEA model satisfactorily represented the sheep tibia model but is not an 

exact replication of the clinical situation. Many other factors may also apply, such as 

variations in anatomy, osteotomy design and the number or position of the screws. The 

tibia is also relatively short and stout compared to the human radius so the anatomically 

contoured radial plates may not be functioning in an optimal fashion. The patterns of stress 

within the region of the osteotomy defect depend mainly on the characteristics of the bone 

model and are relatively well understood. However the stresses around the bone-screw 

interface and the effect of loosening would benefit from further investigation. 

 

2.3.viii Current role of radial osteocutaneous flap 

 

Even without the use of PIF the radial osteocutaneous flap has remained popular with some 

surgeons 164, 220. However, following the introduction of PIF there has been renewed 

interest in defining the current clinical indications 187-189, 197, 221 as PIF has nearly 

eliminated the risk of fracture 184. The flap is considered cost-effective because of the 

comparatively high level of reliability combined with low systemic morbidity 188. It is 

useful when bicortical fixation is not required and dental implant or prosthesis placement is 

not planned. The flap retains a role with small volume defects of the maxilla, nasal bones 

and orbital rim 158, 222-224, and the mandible 147, 185. In the opinion of the Author it remains a 

first choice flap in the presence of appreciable peripheral vascular disease 225, 226, when 

there is other significant medical co-morbidity or as the preferred choice of the patient for 

functional reasons and finally as a salvage flap 43, 160. 
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Chapter 3 

Osteotomy and reconstruction plate design 
 

Publications by Author  
 

Bujtar P, Simonovics J, Sándor G, Pan J, Avery C.  
Refinements in osteotomy design to improve structural integrity: a finite element analysis. 
Br J Oral Maxillofac Surg 2013;51: 479-485. 
http://dx.doi.org/10.1016/j.bjoms.2012.09.015 
 
Avery C, Simonovics J, Bujtar P.  
The stop-hole osteotomy technique. 
Br J Oral Maxillofac Surg 2014;52:475-476. 
http://dx.doi.org/10.1016/j.bjoms.2014.02.003 

 
Bujtar P, Simonovics J, Váradi K A, Sándor G, Avery C.  
The biomechanical aspects of reconstruction for segmental defects of the mandible: A 
finite element study to assess the optimisation of plate and screw factors. 
J Craniomaxillofac Surg ~ in-press. 
http://dx.doi.org/10.1016/j.jcms.2013.12.005 

 

3.1.i Finite element analysis of refinements in osteotomy design  

 

The creation of an osteotomy with a section defect in bone is a common surgical 

procedure. The osteotomy cuts are typically created using a saw and are primarily in a 

linear plane. The meeting point of two cuts, or an overcut, acts as a focus for stress 

concentration and is prone to failure. As discussed above, in maxillofacial oncological 

surgical practice this issue primarily affects resection of the mandible and the radial 

osteocutaneous donor site. The marginal mandibulectomy technique preserves the 

continuity of the lower border of the mandible with considerable functional and aesthetic 

advantages. However, the mandible may fracture causing significant morbidity and this is 

more likely when the remaining bone height is less than 10 mm 227, 228 or the resection 

extends below the mandibular canal 229-231. 

 

Various techniques may reduce the risk of fracture at a section defect. Bevelling the 

osteotomy end cuts has a marginal strengthening effect 168, 172 and rounding out corners 

will reduce the creation of foci of stress concentration 232. The ‘stop drill hole method’ has 

been utilised to block the propagation of existing crack lines during aircraft maintenance 
232 and prolong the time to fatigue failure under cyclical loading 233 but has not been 

applied to surgical practice.  
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In the current FEA study, published by the Author in 2014 207, the effect of refinements in 

osteotomy design were studied using the previously validated sheep tibia FEA model 208. A 

standardised marginal resection defect of 4 cm length and 40% circumference was created 

with either a right-angled and 45 degree bevelled osteotomy end cut (Figure 3.1 a & b). In 

order to mimic two common surgical errors overcutting defects were then created. The first 

a parallel overcut at a right-angled osteotomy which affected both cortices equally and the 

second an oblique overcut at a bevelled osteotomy affecting just one cortex (Figure 3.1 c 

& d). The strengthening effects of a stop-hole engaged either tangentially or at 90 degrees 

were also simulated (Figure 3.1 e & f). 
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Figure 3.1 
CAD model with different designs of osteotomy defects [From Bujtar 207].   
 

 
 
 
 
 
Right-angled osteotomy 
 
 
 
 
 
 
Bevelled osteotomy 
 
 
 
 
 
 
Right-angled with parallel overcut 
 
 
 
 
 
 
Bevelled with oblique overcut 
 
 
 
 
 
 
Right-angled with tangential stop-hole 
 
 
 
 
 
 
Right-angled with 90-degree stop-hole 
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3.1.ii Strengthening effect of osteotomy refinements 

When compared to a baseline right-angled osteotomy (100%) peak stress values for 4 point 

bending and torsion were 24 to 30% greater at a right-angled osteotomy than with a 

bevelled end cut (Figure 3.2). An overcut substantially increased peak stress values under 

bending and torsion by up to 48% and 71%, respectively, with an oblique overcut having a 

greater adverse effect. A stop-hole substantially decreased peak stress values with both a 

90-degree (bending 38% and torsion 56%) and a tangential (bending 58% and torsion 

60%) entry cut. The relative difference in stop-hole size had a minimal effect. An 

osteotomy with a stop-hole will benefit from both the strengthening effect of a rounded 

osteotomy corner and avoid the dramatic weakening effect of an overcut.  

The current study used a more sophisticated FEA model than initial reports on the human 

and dog mandible 234, 235 and more variations in osteotomy design were studied. The 

findings are supported by a recent FEA comparison of right-angled and bevelled osteotomy 

cuts 209 but the current study included the concept of a stop-hole 207. The removal of load 

bearing bone should be avoided as this weakens the remaining structure 227, 234, 235 but 

judicious bevelling and a stop-hole substantially reduce peak stress concentration 207, 227, 234, 

235 and therefore the risk of fracture. These basic principles are applicable to all bone 

osteotomy sites.  
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Figure 3.2 
Finite element analysis with the pattern of peak von Mises stress values under 4-point 
bending and torsional loads [From Bujtar 207].  
 

Right-angled osteotomy  
 
4 point bending = 357 MPa  
Torsion = 545 MPa 

 
 
 
Bevelled osteotomy 
 
4 point bending = 272 MPa  
Torsion = 382 MPa 

 
 
 
Right-angled with parallel overcut 
 
4 point bending = 319 MPa  
Torsion = 322 MPa 

 
 
 
Bevelled with oblique overcut 
 
4 point bending = 465 MPa  
Stress torsion = 565 MPa 

 
 
 
Right-angled with tangential stop-hole 
 
4 point bending = 115 MPa  
Torsion = 219 MPa 

 
 
 
Right-angled with 90-degree stop-hole 
 
4 point bending = 221 MPa  
Torsion = 239 MPa 
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3.1.iii The stop-hole surgical technique  

 

The Author described the clinical technique of stop-hole creation in 2014 236. In the 

example of a typical mandibular access step osteotomy the cuts are marked in the usual 

manner. A 3 mm diameter stop-hole is created at the proposed intersections. The saw 

enters the next stop-hole in a tangential or 90 degree approach (Figures 3.3). In our limited 

clinical experience the osteotomy is easier to perform because visualization is improved, 

the cuts are clearly delineated by the stop-holes, the saw is more easily engaged and there 

is more leeway for error when completing the cut in to the next stop-hole without creating 

an overcut. The surgical technique is simple and widely applicable within many surgical 

specialties.  

 
Figure 3.3 
A mandible step osteotomy with stop-holes. The saw is engaged in a stop-hole and the 
next cut made towards the other stop-hole or the upper/lower border of the mandible 
(arrows) [From Avery 236]. 
 

 

 

3.1.iv Finite element analysis of reconstruction for segmental defects of the mandible 

 

The creation of a segmental defect of the mandible is disfiguring and associated with a 

significant decrease in oral cavity and upper airway function. Free tissue transfer is the 

optimum method of reconstruction to restore bone continuity and recreate form with 
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function 47, 237. The fibula and deep circumflex iliac artery (DCIA) bone and soft-tissue 

composite flaps are most frequently used whilst the scapula and radial flaps are less 

commonly utilised 47, 238, 239. A single heavy reconstruction plate, or several light plates, 

secures the bone element to the mandible. A single heavy reconstruction plate, without a 

bone graft, may be used when a pedicled pectoralis major (PPM) flap is preferred because 

of advanced disease and substantial co-morbidity as described by the Author 240.  

 

During the bone healing phase the load-bearing function of the mandible is partially 

restored as the hardware shares the load. The mandible regains functional integrity through 

bone regeneration and union, which is driven by the forces of Inter-Fragmental Strain (IFS) 
241. With healing the IFS gradually decreases until the strength and rigidity of the mandible 

stabilises. Ultimately the plate will act as a parallel load-bearing element that shields the 

mandible. The phenomenon of “stress “shielding” is one of the reasons lighter and more 

flexible plates of 2.0 to 2.4 mm have been favoured but these plates are more prone to 

fracture.  

 

The complex biomechanics at the interfaces between the screw-plate and the plate-bone are 

poorly understood and the optimum management is unclear. In this study, published in 

2014 242, the Author investigated the patterns of biomechanical loading, deformation and 

stress which occur with segmental defects commonly encountered following resection for 

oral malignancy using the FEA technique developed in previous studies 205-208. A CAD 

model of the mandible with 4 resections was created together with a 3mm reconstruction 

plate (Figure 3.4). The screw and bone interfaces were modelled to represent non-locking 

(bicortical) and locking (monocortical or unilocking) screw fixation systems. A single 

simulation scenario represented unilateral biting on the 1st molar tooth 205,206. The 

maximum von Mises stress values, “pull-out” strain values and spatial changes at the bone-

screw interfaces were used as predictors of longer-term stability. The sites of highest peak 

stress levels were considered to represent potential weak points. 
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3.1.v Stabilisation effect of unilocking plate systems  

 

In general, the locking plate and monocortical screw fixation systems were the most stable 

and effective. The non-locking systems produced substantially greater levels of stress in all 

scenarios and larger screw “pull-out” displacements (up to 5% strain) (Table 3.1). The 

level of von Mises stress values around all screws was acceptable apart from the number 4 

screw in the hemimandible defect (Figure 3.4). High peak stress levels may precipitate 

local bone necrosis and additional screws or screws of increased diameter may be 

recommended. When there is a relatively elastic bone, osteopenic bone, or when screw 

positioning is compromised because of joint proximity, there is increasing benefit from the 

comparatively rigid fixation offered by a locking system to reduce screw loosening during 

cyclic loading 243. Bicortical, rather than monocortical, screw fixation with a locking plate 

had no apparent biomechanical benefit in the context of a well-adapted plate secured to 

good quality bone.  

Table 3.1 

Rank order of the fixation systems based on mean strain or “pull-out” and stress 
criteria [From Bujtar 242]. 

Fixation type 

Hemimandible  Body  Symphyseal Subtotal  Hemimandible  Body  Symphyseal Subtotal

Rank order strain or “pull‐out” values [%]  Rank order stress values [MPa] 

mono/lock  1 (‐0.013)  1 (‐0.006) 1 (0.005)  1 (‐0.001) 1 (94.5)  1 (59.2)  1 (49.5)  1 (44.5) 

bi/lock  2 (0.027)  2 (0.047)  2 (0.008)  2 (0.011)  2 (101.0)  2 (67.5)  3 (64.2)  2 (49.2) 

bi/non‐lock  4 (0.847)  3 (0.221)  3 (0.147)  3 (‐0.080) 3 (122.2)  4 (77.2)  4 (70.2)  4 (78.7) 

mono/non‐lock  3 (‐0.714)  4 (0.240)  4 (0.156)  4 (0.156)  4 (130.3)  3 (76.3)  2 (61.7)  3 (74) 

                 

bi = bicortical 
mono = monocortical 
non-lock = non-locking  
lock = locking  
von Mises = von Mises (peak) stress [MPa]  
strain = deformed length / original length when loaded and converted into a % value 
MPa = MegaPascal    
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Figure 3.4 CAD models of segmental mandible resections with reconstruction 
plates. The unilateral defects were hemimandibulectomy (coronoid to parasymphysis) 
and body (angle to parasymphysis) resections. The bilateral defects were symphyseal 
(parasymphysis to parasymphysis) and subtotal mandibulectomy (angle to angle) 
resections [From Bujtar 242].      

 

 

 

3.1.vi Interpretation of finite element analysis 

 

The outcomes of mathematical simulations are dependent on the quality of the FEA 

models and variable factor analysis is often the method of choice in design engineering and 

FEA to show a trend supporting the significance of an individual variable 244. In the current 

model we applied a greater level of fidelity than previously reported in the medical 

literature. Nevertheless, the simplification of screw geometry probably underestimates 

stress levels (Figure 3.5) and factors such as poor adaptation of the plate or reduced bone 

quality may still be indications for bicortical locking screw fixation. The reconstruction 

plate in the current simulation was tightly fitted to the cortical surface but this close 
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adaptation may not be achievable in clinical practice. Hence this model does not yet 

accurately represent all clinical scenarios. The number of individual variables is high and 

our understanding of the complex biomechanics at all sites remains incomplete. The effects 

of factors such as increased screw tightening, bone quality, bone-plate interface distances 

and lighter plates will be considered in future studies. The current model provides a good 

basis for developing future refinements in plate or scaffold design. 

 

Figure 3.5 

Bone stress around the refined screw thread (top halves, longitudinal cross-cut) at 
screw number 4 in the hemimandible defect. The colour scale represents the von 
Mises stress values in a linear fashion (up to 183.3 MPa) with red representing the 
greatest values (approximately 1000 MPa). The von Mises maximum stress levels are 
indicated [From Bujtar 242]. 

 

 

 
bi = bicortical  
mono = monocortical 
non-lock = non-locking 
lock = locking  
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Chapter 4 
 

Choice of flap reconstruction, outcomes and morbidity  
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4.1.i The percutaneous endoscopic gastrostomy technique and outcomes 

 

A percutaneous endoscopic gastrostomy (PEG) is the preferred choice for enteral feeding 

of patients with head and neck malignancy, whenever nutritional support is required for 

more than 2 to 4 weeks. Indications include painful or ineffective mastication or 

swallowing, obstruction, or supplemental nutrition after surgery, during chemotherapy or 

radiotherapy. Retrospective studies have demonstrated early placement results in a 

reduction in weight loss, frequency of hospitalisation, treatment interruptions 245-248 and 

improvements in the quality of life 249, 250. A PEG should only be inserted for patients 

likely to derive physiological benefit and respond to cancer treatment. It should not be 

offered when life expectancy is less than two months or no improvement in the quality of 

life may be expected 251, 252.  

 

4.1.ii Gastrostomy insertion 

 

Most of the literature is composed of retrospective cohort studies and a few prospective 

studies dealing with neurological dysphagia. The PEG is commonly inserted under 

sedation by a gastroenterologist 253, gastrointestinal or general surgeon 254-257 and 

occasionally by a specialist nurse 258. It is less frequently inserted by an otolaryngologist 
259-261 or maxillofacial surgeon 262. This paper, published by the Author in 2008 263, is the 

only prospective observational study of PEG insertion by a Maxillofacial surgeon. 

 

The rate of successful PEG insertion, primarily for oral malignancy, was 97.3% (219/225) 

which is comparable with a large meta-analysis (95.7%) 253 and head and neck practice (90 

to 98.5%) 255, 256, 259-262, 264. The majority (75%) were inserted at the time of definitive 

surgery. A further 19% were inserted earlier during examination under general anaesthesia, 

mainly for oropharyngeal tumours managed with radiotherapy, inoperable disease, 

significant medical comorbidity or marked pre-treatment weight loss. Significant incidental 

gastroscopy findings included a 4.9% incidence of pre-malignant and malignant pathology. 

 

4.1.iii Gastrostomy related complications 

 

The various methods of insertion and complications have been comprehensively reviewed 
258, 265, 266. In general the incidence of major and minor complications range from 2.7% to 
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9.4% and 6% to 7.1%, respectively 253, 265, 267. Complications are more frequent with 

malignant disease and in head and neck practice [major complications 0% to 35% and 

minor complications 8% to 17.5%] 255, 256, 259-262, 264. Major complications are more 

frequent when the operator is a trainee 257, 264, 267 but comparatively low (3.1%) with an 

experienced surgeon such as the Author.  

 

Aspiration and pneumonia are the most common major complications 265. In head and neck 

practice the route of gastroscopy and airway are both compromised by oral and pharyngeal 

malignancy. A supine position and oropharyngeal tumour may increase the risk of 

aspiration, especially when the gag reflex is obtunded 267. The incidence of respiratory 

distress under intravenous sedation may be as high as 7% with airway obstruction 

occurring in 1% 268. Otolaryngology head and neck surgeons often have the PEG inserted 

as a separate episode prior to definitive surgery 261, 269 or at examination under anaesthesia 

both during and after surgery 259, 260. The Author prefers to place the PEG under a general 

anaesthetic, immediately prior to definitive surgery, with the airway protected by an 

endotracheal tube or tracheotomy 255, 256, 262. This is because oral oncology patients 

typically have elevated intubation complexity scores [American Society of 

Anaesthesiologists, ASA grade 3 or 4] 255, 256 and are at increased risk of respiratory 

compromise. This approach also avoids a separate treatment episode.  

 

4.1.iv Duration of gastrostomy 

 

The median PEG duration was 337 (SE 31) days. The duration was significantly longer for 

stage T3-4 tumours, N1 or greater neck disease, following surgery with radiotherapy when 

compared to surgery alone, and for radiotherapy alone when compared to surgery alone 

(Figure 4.1). The radiotherapy alone group was primarily composed of stage T3 or 4 

oropharyngeal tumours. Two separate surgical procedures and radiotherapy were 

associated with significantly longer mean durations than a single surgical procedure. 

Duration following a primarily soft tissue resection, with or without a rim resection of the 

mandible, was significantly shorter than after a segmental bone resection. There was no 

relationship between duration and the type of free or pedicled flap reconstruction.  
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Figure 4.1 
Duration of PEG by modality of treatment [From Avery 263]. 

 
 
 
Figure 4.2 
Duration of PEG by principle type of resection [From Avery 263]. 
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4.1.v Indications for gastrostomy 

 

The indications and timing of PEG insertion remain contentious. The pattern of use during 

the phases of treatment is unknown and difficult to compare because insertion criteria vary 

and so do the methods of collating and presenting data. The median, or mean, PEG 

duration ranges from 13.8 to 67.1 weeks 256, 257, 262, 270, 271 and in the current series was 48 

weeks. Four patients (less than 2%) had a long-term PEG, which compares favourably with 

the literature 256, 270, 272.  

 

Predicting the need for a gastrostomy and the likely duration is difficult because of an 

uncertain relationship to various factors including age, medical and nutritional status, 

speech and swallowing function, tumour site and stage, surgical resection and type of 

reconstruction. The indications for PEG insertion have not been systematically studied and 

variable criteria have evolved with experience. The Author uses the following indications 

for insertion (Table 4.1). All T3 and T4 oropharyngeal tumours managed with 

radiotherapy or oral tumours reconstructed with a free or pedicled flap. In addition smaller 

T2 tumours without neck disease but with significant flap reconstruction or an extra-oral 

resection in conjunction with a neck dissection are included. Other factors considered 

which adversely affect oropharyngeal function include previous surgery or radiotherapy.  

 

A more restrictive insertion policy has been advocated, but a high incidence of major 

complications was an underlying consideration 264. In this series, only two patients (less 

than 1%) did not utilise the PEG and the Author is unable to identify a subgroup that 

would not benefit from early PEG insertion.  

 

This study has confirmed that a PEG may be inserted with a high degree of success and 

minimal complications by an experienced maxillofacial surgeon. The Author is now able 

to more accurately advise patients about the incidence of complications and likely PEG 

duration.  
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Table 4.1 
Current indications for insertion of a PEG in oncology patients [From Avery 263]. 

Current	Indications	for	PEG	insertion	
 

 Fundamental criteria for insertion met and PEG not contra-indicated 252 
 Recovery of oral function within 2 to 4 weeks is not expected 
 Malnutrition or at risk of malnutrition during treatment 
 T3 and T4 oropharyngeal tumours undergoing surgery or radiotherapy 
 Intra-oral reconstruction with free or pedicled flap 
 Smaller oral procedure or extra-oral surgery, particularly in conjunction with a 

neck dissection, likely to adversely affect oral function 
 Other adverse factors such as previous surgery or radiotherapy 

  
	
4.1.vi Ultrasound assessment of early bone healing  

 

The management of complicated non-union of free flap osteotomy sites is both challenging 

and time consuming. The return to oral function and hence removal of a PEG may be 

substantially delayed. When external bone fixation has been applied it is cumbersome and 

inconvenient for the patient (Figure 4.3). Unfortunately, it is difficult to know when 

sufficient bone union has occurred to safely remove the fixation. The progression of bony 

healing is conventionally monitored with radiographs and sometimes cross-sectional 

imaging. However, plain radiographs are insensitive to early callus formation 273 and 

artefacts from the fixation hardware degrade CT and magnetic resonance imaging (MRI) 

images.  

 

Transcutaneous ultrasound can demonstrate early evidence of healing in long bone 

fractures by detecting initial callus formation 274. This paper, published by the Author in 

2011, was the first description of the successful use of ultrasound to monitor for evidence 

of bone healing of the mandible in a small number of patients with delayed and complex 

wound healing 275. The detection of echogenic foci within the fracture gap was the criterion 

for evidence of healing progression (Figure 4.4) as this correlates with histological 

evidence of callus maturation 276. Ultrasound detected early callus formation that typically 

preceded radiographic changes by several weeks.  
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Figure 4.3 
Delayed union (Yellow Arrow) at left DCIA free flap to mandible osteotomy site 
managed with external fixation bar and pins (Green Arrow). Plain 
orthopantomogram film with no evidence of callus formation 12 weeks post-fixation 
[From Avery 275]. 
 

 

 
Figure 4.4 
Ultrasound scan on same day demonstrates echogenic callus within the osteotomy gap 
(Arrow) [From Avery 275].  
 

 

 

Transcutaneous ultrasound provides simple, safe and early objective evidence of 

progressive bony healing. This is reassuring for both the patient and surgeon and in 

conjunction with the clinical findings facilitates prompt removal of the external fixation 

with an earlier return to oral function.  
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4.2.i Use of the pectoralis major flap for advanced and recurrent malignancy in the 

medically compromised patient 

 

The pedicled pectoralis major (PPM) flap was initially described by Ariyan in 1979 277, 278 

and soon became the “workhorse” flap for head and neck reconstruction 279-282. In the 

1990s, it was still considered a reliable and effective first choice flap in major units 21, 282-

284. Gradually, free tissue transfer techniques achieved increasing reliability with apparent 

benefits in oral function, potentially comparable costs, fewer complications and better 

quality of life outcomes 15-24, 26. Hence the PPM flap was gradually relegated to a 

secondary role in many units within the developed world but has continued to be used on 

the basis of surgeon preference, advanced disease, low costs and lack of microvascular 

expertise 285-289. There are no formal UK guidelines as to when to use the PPM flap rather 

than free tissue transfer. The aim of this paper, published by the Author in 2010 240, was to 

review the pattern of use of the PPM flap within a unit that has routinely performed free 

tissue transfer surgery as the reconstruction of choice. 

 

4.2.ii Indications for pectoralis major flap 

 

The indications for 71 PPM flaps between 1996 and 2010 were retrospectively reviewed. 

The main pathology was oral and oropharyngeal squamous cell carcinoma (SCC). The 

majority was advanced stage IV primary SCC disease (57.7%), and extensive recurrent 

(14%) or isolated metastatic neck (12.6%) disease. The PPM flap was the preferred 

reconstruction on 54 occasions (76%) and the main indication, in addition to advanced 

disease, was significant medical co-morbidity. The majority of patients were ASA grade 3 

(63%) and had undergone previous surgery and/or radiotherapy.  

 

The most common resections involved the mandible (32.4%) or the tongue/oropharynx 

(26.7%). Mandible defects were reconstructed with a PPM flap either as the method of 

choice (19.7%) or following failure of a free flap (12.7%). The Author agrees with the 

contemporary principles of mandibular reconstruction which state a bone flap should be 

used to restore form and function 50, 290. However, the situation is complex in the presence 

of advanced disease, significant medial comorbidity and after previous major surgery 

and/or radiotherapy. In our experience reconstruction with a PPM flap (without bone) 

allowed reasonable function in the context of limited life expectancy.  
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The majority of PPM flaps (75%) were used in the latter half of the series but there was no 

evidence of an increase in the extent of disease, ASA grade or age during this period 

(Figure 4.5). All except two patients had advanced Stage IV disease, or extensive recurrent 

disease and 70% had stage N1 or greater nodal neck disease. The limitations of the TNM 

classification system meant it was not possible to demonstrate an increase in the extent of 

disease but the threshold for a PPM flap had not been lowered. An elevated ASA grade is 

associated with increased morbidity and mortality 291-295 and 94% were ASA grade 2 or 

higher but with no increase over time. Along with others, we did not find an association 

between increased age and perioperative mortality 293, 296-299, although selected older 

patients may be a relatively healthy subgroup 297, 300. A more detailed general or disease 

specific morbidity grading system 110, 291, 293, 295, 298, 301 may refine the selection process as 

increasing co-morbidity is an important prognostic indicator 291, 295, 302. However, it is 

unclear whether this would have altered the decision to offer surgical treatment or the 

choice of reconstruction as no other potentially curative treatments were available and 

good palliation of symptoms was usually achieved.  

 

Figure 4.5  
Pectoralis major flap use by year [From Avery 240]. 
 
 

 
 
 

Approximately one quarter (n=17) of the PPM flaps were used after failure of a free flap 

and there was no significant variation throughout this period (Figure 4.5). The use of the 

PPM flap reflected an increasing number of patients presenting with significant co-

morbidity together with advanced disease.  
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4.2.iii Outcomes with pectoralis major flap 

 

The incidence of complete flap necrosis (2.8%) compared favourably with the literature 280, 

282, 283, 286, 288, 289, 303 as did the incidence of major (8.4%) and minor (12.6%) flap loss. 

Although complications may delay discharge from hospital, they rarely delayed or 

prevented subsequent radiotherapy.  

 

The 5-year overall survival and cancer-specific survival rates were 11.0% and 65.5%, 

respectively (Figure 4.6). These outcomes compare favourably with the literature for 

advanced and recurrent disease 4, 52, 53, 304-308 whilst the majority of patients succumbed to 

other disease related to underlying co-morbidity.  

 

Figure 4.6 

Kaplan-Meier Curve for Cumulative Overall Survival [From Avery 240].  

 

The Author recommended aggressive surgical treatment for advanced and recurrent disease 

together with a pragmatic approach to reconstruction. The PPM major flap is a reliable 

reconstruction for large defects of the mandible, tongue and oropharynx. The PPM flap 

retains a major role in the management of advanced primary or recurrent disease, extensive 

isolated metastatic neck disease, following previous major surgery and/or radiotherapy or 

after failure of a free flap when in conjunction with significant medical co-morbidity. This 

was the largest study of the use of the PPM flap for a group of medically compromised 

patients with advanced disease.  
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4.3.i One hundred patients managed with a pectoralis major flap within a UK 

maxillofacial unit 

 

Whilst surgical units within the United Kingdom (UK) continue to use the PPM flap, its 

role within modern maxillofacial practice has not been defined. The aims of this study, 

published by the Author in 2014 309, were to review the indications and outcomes of a 

cohort of patients undergoing reconstruction with a PPM flap. This paper developed 

themes identified in the previous publication (4.2.i) 240. The size of the cohort had 

increased to 100 patients and now only included oncology patients. A more detailed 

retrospective analysis was made of the complications, factors associated with an adverse 

perioperative outcome and survival.  

 

4.3.ii Indications for pectoralis major flap 

 

One hundred and two consecutive PPM flaps were performed on 100 patients between 

1996 and 2012. The majority (88.2%) were for oral squamous cell carcinoma (SCC) which 

was primarily advanced stage IV (75.6%) disease, often with neck nodal metastases 

(59.7%). The majority (57%) had previously undergone major surgery and/or chemo-

radiotherapy and the incidence of substantial medical comorbidity was high (47% ASA 3 

or 4). Both the stage of disease and ASA grade were greater than in other comparable 

studies 24, 286. 

 

The PPM flap was primarily used as the initial reconstruction of choice (80.4%) or 

following free flap failure (19.6%). The most common primary indications were 

substantial medical comorbidity (39.2%), high volume metastatic neck disease (15.7%) or 

when a free flap was contra-indicated (13.7%) (Table 4.2). The defect most frequently 

reconstructed was a hemimandibulectomy resection (n=37) and the majority of patients 

had also undergone previous oncological therapy or suffered failure of a free flap (Table 

4.3). Major composite skin defects comprised nearly a third of resections. A few flaps were 

utilised for salvage reconstructions (6%) after complications (Table 4.2).  
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Table 4.2  
The single primary indication for the pectoralis major flap [From Avery 309] 
 

Indication for PPM flap 
 

n=102 
 

 

Preferred reconstruction 82 
   Medical comorbidity 40 
   High volume neck disease 16 
   Free flap not possible 14 
   Vessel coverage 5 
   Parotid/cheek defect 4 

With free flap 2(3)1 

   Close fistula 1 
  

Failed free flap 20 
   Radial 8 
   Composite radial 1 
   Deep Circumflex Iliac Artery (DCIA) 8 
   Fibula 3 
  

1 One procedure also counted as high volume neck disease 
Two flaps were contralateral. 

 
Table 4.3 
Principle types of surgical resection [From Avery 309]. 
 

Primary Resection Type Resection Subtype N = 102 Composite 
    

Mandibulectomy Hemimandibulectomy 37 6 
 Anterior mandibulectomy 8 3 
 Rim resection 6 - 

Glossectomy  Total glossectomy1 8 - 
 Hemiglossectomy 8 - 
 Partial glossectomy 3 - 

Extended Radical Neck  - 15 15 
Parotid/cheek - 8 5 
Oropharynx - 5 - 

Buccal  - 1 - 
Fistula - 1 - 

Maxillectomy2 - 1(2) - 
Bleeding major vessels3  - 1(2) 1 

 

1Two total glossectomies with laryngectomy. 
2One maxillectomy combined with hemimandibulectomy as primary procedure. 
3One bleeding episode with loss of free flap listed as rim resection of mandible as the primary procedure 
and the second was a late carotid blow out complication after chemoradiotherapy.  

 
 
The failure of a previous free flap was a significant indication (19.6%) and most 

commonly involved a radial (8) or Deep Circumflex Iliac Artery (DCIA) flap (8), of which 

25% had previously undergone oncological treatment. The median ASA grade was lower 
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in the free flap failure subgroup than the PPM preferred reconstruction subgroup, 

confirming that the latter had greater medical comorbidity. A second free flap following an 

initial flap failure has an increased failure rate of 6% 109 to 11% 310 and healing is 

complicated by the poor quality of tissues 109, 240. The Author considers that, unless there 

has been a technical error, a PPM flap is the safer option and more likely to facilitate 

prompt chemo-radiotherapy following surgery 240. Although minor complications are 

common with the PPM flap only two patients required a further significant operation for 

major complications. 

 

4.3.iii Morbidity and mortality 

 

The level of general medical morbidity following major head and neck surgery is known to 

be high 6, 7 (Table 4.4). The majority of patients were managed on a high dependency unit 

and unplanned admission to the intensive treatment unit (4.9%) was only associated with 

ischaemic heart disease. The mortality rate within 30 days of 5% is acceptable in the 

context of otherwise incurable disease and was independently associated with diabetes 

mellitus. Lower rates of mortality  have been reported with less advanced disease and 

lower levels of comorbidity (2.2% 286 and 2.7% 283).  

 

4.3.iv Pectoralis major flap complications 

  

The majority of patients with oral cancer are in poor health with a history of smoking and 

alcohol abuse. The incidence of PPM flap complications in the literature is high and ranges 

between 18 to 36% 21, 24, 282, 283, 286, 288. Complications are more frequent following salvage 

surgery and within the oral cavity or oropharynx 21, 306, 307, 311. The 2% incidence of 

complete flap loss in this series is the same as reported by Milenovic 288 in the largest 

series of PPM flaps (10/506) and the typical range is zero to 7% 282, 283, 286, 303, 312. The 

incidence of major (6.9%) and minor (12.7%) flap loss, including orocutaneous fistula 

(10.8%) were also comparable to the literature [major loss 6% to 10% and minor loss 8.3% 

to 15 % or higher] 282, 283, 286, 288, 303, 312. Flap complications were unrelated to the type of 

surgical resection or previous salvage surgery. The systemic factors independently 

associated with all degrees of flap loss were ischaemic heart disease, diabetes mellitus and 

acquisition of MRSA. These factors implicate a poor quality microcirculation and 
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compromised wound healing. Similarly, previous free flap failure was independently 

associated with subsequent total (2%) and major (6.9%) partial loss of the PPM flap. 

 
Table 4.4 
Complications following the PPM flap [From Avery 309]. 
 

 

Morbidity n (%) 
 

  

Flap-related morbidity  
    Total flap loss 2 (2.0) 
    Major flap loss 7 (6.9) 
    Minor skin loss 13 (12.7) 
    Mild skin dehiscence 17 (16.7) 
    Orocutaneous fistula 11 (10.8) 
    Donor site infection  2 (2.0) 
 

Other morbidity   
    Lower respiratory tract infection 11 (10.8) 
    Myocardial infarction 6 (5.9) 
    Cardiac arrhythmia    2 (2.0) 
    Fractured mandible 2 (2.0) 
    Gastrointestinal bleeding 1 (1.0) 
    Lingual bleed/necrosis 1 (1.0) 
    Carotid blowout 1 (1.0) 
    Pneumothorax 1 (1.0) 
    Tracheal stenosis 1 (1.0) 
    Tracheostomy bleed 
    Cerebrovascular accident 
 

1 (1.0) 
1 (1.0) 

 

 

4.4.i Comparison of the first (1996 to 2004) and second (2005 to 2012) halves of the 

study period 

 

The majority of PPM flaps (73.5%) were performed in the latter half of this series, but this 

was unrelated to the pattern of free flap failure or ASA grade. The ASA co-morbidity 

classification system probably lacks sufficient sensitivity to detect an underlying trend of 

increasing levels of comorbidity. There were a significantly greater number of primary 

stage IV SCC treated in the second halve of the series (22.2% vs. 48.0%), which may 

indicate increasing numbers and/or a more aggressive approach to surgical treatment. The 

introduction of a multidisciplinary team may have encouraged a more cautious approach to 

the choice of reconstruction and there may also be an element of increasing patient choice 

following the introduction of a surgical consent and planning proforma by the Author 313. 
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Patients with substantial co-morbidity, advanced disease and a poor prognosis may prefer a 

PPM flap because of the reduced donor site morbidity and greater flap success rates when 

compared to a composite free flap, commonly the DCIA or fibula flap 51. Many patients 

had previously undergone surgery and/or chemo-radiotherapy, or suffered failure of a free 

flap, so the surgeon and patient probably felt a free flap procedure would not be tolerated.  

 

There was no significant variation in the type of surgical resections performed during this 

study period. The mean duration of hospital admission decreased significantly from 30.2 to 

20.8 days, which is comparable with recent reports [14-30 days] 21, 24, 307, 312. Prolonged 

hospital admission is known to be associated with significant complications 21, 307 including 

infection with MRSA 314. Acquisition of MRSA occurred in 23.5% of patients but declined 

dramatically after 2006. This was the only factor independently associated with prolonged 

hospital admission (Figure 4.7) and is in agreement with the Author’s previous findings 

following free flap surgery 314. Flap complications in general declined and this is also 

possibly related to increasing experience and refinements in surgical technique. 

 

Figure 4.7 
Decline in acquisition of MRSA and length of hospital admission with time [From 
Avery 309]. 
 

 

 

The 5-year overall (34.5%) and cancer-specific (71.8%) survival outcomes for stage IV 

primary SCC compare favourably with historical data and a recent review of UK outcomes 

up to 2003 315 (Figure 4.8). The incidence of recurrent and metastatic disease also declined 
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significantly after the first quarter (1996 to 2000). Moreover the 5-year outcomes for both 

overall (0% vs. 44.9%) and cancer-specific (0% vs. 79.8%) survival with stage IV SCC 

improved significantly in the latter half of the study period.  

 
Figure 4.8 
Overall and cancer specific survival for primary stage IV SCC (n=42) 
[From Avery 309]. 

 

a) Overall survival with primary stage IV SCC 
 

 

b) Cancer-specific survival with primary stage IV SCC 

 

 
 
The 1-year, 3-year and 5-year overall survival rates for surgery for primary stage IV SCC (n=42) were 
70.5%, 51.7% and 34.5%, respectively (median 39.0 months, 95% CI 5.3-72.7 months). Cancer-specific 
survival was 81.6%, 71.8% and 71.8%, respectively. 
 
 

Survival outcomes following salvage surgery are variably described and direct 

comparisons with other reports are difficult because of relatively small numbers, differing 
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anatomical sites, early or late recurrent disease and differing treatment modalities. In the 

salvage surgery subgroup the 5 year overall (0% vs. 35.9%) and cancer-specific (0% vs. 

55.7%) survival figures also improved significantly in the latter half of the study and 

compare favourably with recent reports 21, 240, 306, 307, 311.  

 

Figure 4.9 
Overall and cancer-specific survival for all stages of SCC salvage surgery (n=37*) 
[From Avery 309]. 
 

a) Overall survival for salvage surgery 

 

 
 

b) Cancer-specific survival for salvage surgery 

 

 
*One patient was treated with palliative intent and one patient is alive with recurrent disease. 
  One patient was excluded from long-term survival analyses as died within 30 days of operation. 
 
The 1-year, 3-year and 5-year overall survival rates for all stages of SCC salvage procedures were 56.4%, 
27.3% and 15.6%, respectively (median 19.0 months, 95% CI 4.5-33.5 months) and cancer-specific survival 
70.6%, 57.8% and 33.0%, respectively (median 46.0 months, 95% CI 23.4-68.6 months). 
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In 2004 post-operative Cisplatin based chemotherapy was introduced in Leicester. 

Although various combinations of treatment modalities have been used in this cohort, the 

dramatically improved survival outcomes are likely to be related to radical surgery 

combined with aggressive weekly concurrent Cisplatin therapy. In 2004 Bernier 316 

described a similar Cisplatin regimen with 5 year overall and “progression-free” survival 

figures of 53% and 47%, respectively, for a broadly comparable cohort of stage III & IV 

SCC disease of the oral cavity, oropharynx and larynx.  

 

One of the limitations of the current study is that the findings are restricted to a cohort 

selected on the basis of reconstruction with a PPM flap. Nevertheless, this group with 

advanced disease and substantial co-morbidity would be expected to have a comparatively 

poor outcome. These initial findings warrant further analysis of a larger and broader patient 

group. 

 

This paper is the largest and most detailed overview of experience from the UK. The main 

indications for the PPM flap were reconstruction for advanced malignancy, often following 

previous surgery and/or chemo-radiotherapy treatment or failure of a free flap, and 

frequently in the context of substantial pre-existing comorbidity. When comparing the first 

and second halves of this study period there have been significant declines in: recurrent 

disease, MRSA acquisition, duration of admission and a trend towards less PPM flap loss 

(all degrees) whilst cancer survival rates have dramatically improved. These outcomes 

support the strategy of aggressive surgical and chemotherapy combination therapy in this 

most challenging of patient groups. 

 

4.5.i Perspective on the role of the pectoralis major flap in maxillofacial oncology 

surgery 

 

Free tissue transfer has become the preferred reconstruction 17, 50, 106, 109, 110, 317, 318, with 

fewer complications and better functional outcomes, based mainly on comparisons with the 

radial free flap 15, 17, 20, 24, 292, 319-322. Most recent developments have included perforator 

flaps 38-40, 66, 323 , with an emphasis on improving cosmetic, functional and quality of life 

outcomes in combination with less morbidity at the donor site 24, 26, 39, 42, 43.  
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In general, the PPM flap is a secondary choice in the “developed” world whilst remaining 

popular in the “developing” world. The recent major series are from: Eastern Europe 

[Croatia] 288, South America [Brazil] 286, 324and Asia [India] 312, 325, [Taiwan] 26, [Korea] 326. 

Whilst reports from the developed world are typically smaller and collected over a longer 

period: North America [Canada] 21, [United States of America, USA] 289, 303, 327 and Europe 

[Ireland] 321, [United Kingdom, UK] 240, 309. Although maxillofacial surgical units within 

Western Europe continue to use the PPM flap, few units report their experience. The aims 

of this paper, published in 2014 by the Author 328, were to establish a unique overview of 

the literature on the PPM flap and set the Leicester experience within the context of 

International practice.  

 

4.5.ii Advantages of pectoralis major flap 

 

The advantages of the PPM flap include: a relatively quick and easy harvest, good 

coverage, versatility and reliability 286, 288, 327 (Table 4.5). The initial costs of free tissue 

transfer are greater because of infrastructure, personnel and equipment 21 but the overall 

financial burden is often similar once duration of admission, complications and subsequent 

care have been considered 19, 21, 23, 319, 329-332. However, financial comparisons between 

differing health care systems are complex and strongly influenced by medical 

complications 22, the end result being that within the developing world the costs of free 

tissue transfer, to both patient and institute, are usually 312 but not always prohibitive 333. 

 

The PPM flap is generally considered a lesser procedure than a free flap, but it is unclear 

whether overall morbidity is lower because of selection bias and confounding clinical 

factors. Retrospective comparisons have failed to demonstrate major differences 26, 287, 321, 

332 but the shorter operation duration 24, 26, 287, 319, 332 with a PPM flap should result in fewer 

medical and surgical complications 110, 293, 297. The lack of a microvascular anastomosis, at 

risk of revision or failure, may be beneficial with a compromised patient 240. 

 

In general, the duration of hospital admission with the PPM flap and free tissue transfer is 

similar. The Leicester experience [free tissue 20 days and PPM flap 21 days] 314 is 

comparable to other recent reports [radial 18 to 24 days and PPM flap 23 to 25 days] 23, 24, 

26. Shorter admissions with the PPM flap have been described (9 and 10 days) 289, 324, 334 but 

the duration increases with the complexity of surgery (7.5 days primary reconstruction and 
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20 days salvage reconstruction) 327. All series are skewed by infective, cardio-respiratory 

and alcohol related complications 21, 22, 307, 335 and may be influenced by increasing 

financial demands to discharge promptly 336-340. 

 

Table 4.5 

Advantages of the pectoralis major flap [From Avery 328]. 

 

Advantages 
 

 

  

 Quick and easy to harvest  

 Reliable anatomy 

 Microsurgical skills not required 

 No microvascular anastomosis 

 Versatile design 

 Muscle and skin coverage 

 Short operation 

 Minor donor site morbidity 

 Most complications managed 
conservatively or minor treatment 

 Total failure rare 

 Occasional major secondary 
operation  

Best used for large defects in the tongue, 
lateral mandible and pharynx, parotid and 
neck. Coverage of major vessels and 
brachytherapy tubes, closure fistulae. 

 

 

4.5.iii Disadvantages of pectoralis major flap 

 

The shortcomings of the PPM flap include: restricted arc of rotation and pedicle length 

with a watershed at the zygomatic arch and superior pole of the tonsil 321. The functional 20, 

319-321 322 and cosmetic 26, 312, 327, 341 outcomes are a compromise whilst the bulk and the 

limited pliability make it unsuitable for small or superficial defects. Reduced shoulder and 

neck function may adversely affect the quality of life 327, 342 (Table 4.6). 
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Greater complications and gastrostomy dependence with the PPM flap following 

pharyngeal reconstruction and radiotherapy are based on historical data 343 and more recent 

studies, primarily with oral malignancy, revealed comparable gastrostomy dependency 24, 

332. In the Leicester experience, prolonged gastrostomy duration was unrelated to the type 

of flap but associated with advanced stage disease, surgery with radiotherapy, radiotherapy 

alone and bone resections 263.  

 

The quality of life domains of most importance are speech, chewing and swallowing 344, 

345. The worst functional outcomes occur with advanced stage III & IV disease and 

combination therapy 345. In the largest comparison of the PPM flap with free tissue transfer 

for oral defects there were significant disadvantages in mood, speech and shoulder function 

but not the majority of outcomes, including global quality of life 26. Outcomes may be 

influenced by many factors, including cultural and ethnic considerations 344, 346. 

 

Table 4.6 

Disadvantages of the pectoralis major flap [From Avery 328]. 

Disadvantages  
 

 

  

 Restricted arc of rotation  
 Limited pedicle length 
 Excessive bulk 
 Limited pliability 
 Frequent minor wound complications  
 Supraclavicular bulge 
 Poor skin match 
 Hair growth 
 Deformity of chest wall donor site 
 Variable & limited functional outcomes 
 Restricted neck movement, discomfort and 

deformity 
 Not ideal for small or superficial oral soft tissue 

defects, anterior segmental mandible, soft palate 
or maxilla.  
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4.5.iv Pectoralis major flap complications  

 

The incidence of complications is high (18 to 63%) 21, 24, 282, 283, 286, 288, 312, 324, 326, 334, 347 and 

minor wound complications are more frequent than with free tissue transfer 15, 292, 

including wound dehiscence 24, 321 and blood loss 26, but there are often no other 

substantive differences 26, 287, 321, 332. Complications are greatest following salvage surgery, 

at oral cavity and pharyngeal sites 21, 306, 307, 311, 324, 343, and are variably described as either 

associated with 289, 324, 334, 348 or unrelated to 280, 286, 307, 311, 321, 326, 349 radiotherapy.  

 

The incidence of total flap failure ranges from zero to 7% 282, 283, 286, 288, 303, 312, 324, 326, 347, 350 

and is generally lower (0 to 2%) in more recent reports 288, 289, 303, 312, 324, 326, 327, 347, 350, 351, 

including the Leicester experience (2%) 309. Major (4% to 10%) or minor (8% to 15 % or 

higher) partial skin flap loss and orocutaneous fistulae (3% to 29%) are frequent 

complications 282, 283, 286, 288, 289, 303, 312, 326, 350 but also less common in recent reports and 

only occasionally delay adjuvant treatment. Conservative wound care procedures are 

common (10% to 50%) 21, 24, 289, 309, 341 but major secondary surgery is infrequent (2% to 

5%) 283, 288, 289, 303, 309, 312. In the Leicester study, a reduction in complications coincided 

with a lower incidence of MRSA 309, 314 and is consistent with increasing surgical 

experience 287, 341.  

 

4.5.v Refinements in surgical technique 

 

The refinements in surgical technique to optimise success are primarily related to accurate 

positioning of the skin paddle 351 287, 303. Full mobilisation with skeletonisation of the 

pectoral vascular pedicle is also safe 287, 288 (Figures 4.10 & 4.11). Attempts to create a 

thinner or longer flap have not been popular and may have increased complications 352 311, 

326, 352 286 353. The true island musculocutaneous paddle variant has advocates in the 

developing world: Brazil 286, India 354 and Korea 287. Attempts to minimise donor site 

morbidity with a segmental muscle design 348 or perforator flap design 355, 356 have not 

become popular. The simplicity of the conventional technique is a major advantage of the 

PPM flap.  
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Figure 4.10 
Retraction of pectoralis minor and mobilisation of pectoral branch vascular pedicle 
(arrow) which may be skeletonised [From Avery 328]. 
 
 

 
 
 
Figure 4.11 
Complete mobilisation of pectoralis major muscle insertion (Arrow cephalic vein) 
[From Avery 328]. 
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4.5.vi Preferred choice of flap reconstruction  

The use of the PPM flap as the first choice flap rather than a free flap varies widely and 

ranges from 5 to 62% within the few series indicating the relative proportion of free and 

pedicled flaps 26, 312, 327, 357. In a 2001 review of academic otolaryngology practice, in the 

USA, the PPM flap remained twice as popular as free tissue transfer 358. 

 

The PPM flap is generally utilised for primary disease or salvage reconstruction with the 

latter group including free flap failure, further disease or wound complications. Selection 

depends on the preference and training of the surgeon often in combination with several 

other factors. The frequency of use as the preferred reconstruction within series just 

utilising the PPM flap ranges from 33% to 97% 21, 289, 312, 326, 327, 350. The main indications 

being: financial (36%) 312, medical comorbidity (21 to 40%) 309, 312, extended radical neck 

dissections (13% to 20%) and vessel depletion (9 to 14%) 309, 312, 326, 350. The Leicester 

experience 309 was comparable, with the PPM flap being preferred on 80% of occasions 

and primarily selected for substantial comorbidity (40%), large mandible (36%) or 

glossectomy (19%) defects, extended radical neck dissection (15%) or parotidectomy (8%) 

procedures and vessel depletion (14%) (Figures 4.12 to 4.14). The stage of disease 24, 286, 

ASA grade 24, comorbidity 312, 326 and incidence of previous malignancy 312, 324, 326, 350, 359 

were greater than in comparable studies.  
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Figure 4.12 (a & b) 
Typical hemimandibulectomy defect: clinical and radiographic appearance (Arrow 
indicates osteotomised ends of mandible) [From Avery 328]. 
 
a) 

 
 
 
b) 
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Figure 4.13 (a & b) 
Radiation damage with exposure of carotid artery (Arrow) protected with PPM flap 
[From Avery 328]. 
 
a) 

 
 
 
 
b) 
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Figure 4.14 
Radical parotidectomy with skin resection defect. The zygomatic arch is the superior 
watershed area [From Avery 328]. 
 
 

 
 
 
 
The aging population within the developed world has increasing levels of multiple medical 

comorbidities 360-363. In head and neck oncology this is often caused by tobacco and 

alcohol abuse with an adverse impact on prognosis, mortality, morbidity, quality of life and 

costs 298, 361, 363-365. In the Leicester study 309 one quarter of patients were of Asian origin. 

This subgroup has an increased prevalence of oral cancer 366, 367, diabetes mellitus and 

cardiovascular disease, with the latter comorbidities associated with increased 

complications and mortality 368-376, including flap related complications 309. Both patient 

and surgeon may perceive the PPM flap as the safer compromise in the context of previous 

treatment, substantial comorbidity, advanced disease and poor prognosis 240. Patient 

opinions are most important for bone flaps because of the greater donor site morbidity 377 

and lower flap success rates (93%) 51. A PPM flap provides reasonable mandibular 

function in the context of limited longevity and a reconstruction plate was not usually 

placed as it is often compromised by complications 282, 288, 325, 378-380. Oral submucous 

fibrosis is not uncommon in the Leicester Asian population and the benefits of free flap 

reconstruction are reduced by persistent trismus after surgery 26 making the PPM flap a 

realistic alternative option 325 (Figure 4.15 ).  
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Figure 4.15 
Total glossectomy in an Asian patient with trismus (Arrow) caused by oral 
submucous fibrosis [From Avery 328].  
 
 
 

 
 
 
4.5.vii In conjunction with a free flap 

 

Two free flaps may optimise functional reconstruction for large composite defects but 

substantially increase complexity, operation duration and may reduce flap success rates 51, 

325, 381, 382. Free tissue transfer may be successfully combined with a PPM flap, particularly 

for lateral mandible defects or extended radical neck dissection following irradiation 383, 

384. However, this option has been utilised infrequently (3% or less) in Leicester 309 and 

elsewhere 288, 327.  

 

4.5.viii Salvage reconstruction following complications 

 

The PPM flap retains an established role in the management of surgical complications but 

this is a minority indication in most series, including the Leicester experience. Typical 

indications include: orocutaneous fistula (1 to 5%), osteoradionecrosis (0 to 5%), major 

vessel protection (1 to 3%) or rupture (1 to 2%), obliteration of dead space, coverage of 

exposed hardware or wound breakdown (1 to 4%) 21, 309, 312, 327, 350. Exceptions include the 

high incidence of pharyngeal fistulae (17%) 350 and major vessel exposure (51%) 326 

associated with radiotherapy, primarily in otolaryngology practice. 
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4.5.ix Salvage reconstruction following free flap failure  

 

Reconstruction following partial or complete free flap failure is often necessary for large or 

composite defects, exposure of vital structures or hardware, and to facilitate prompt 

adjuvant chemoradiotherapy. The difficulties include: enhanced comorbidities, 

malnutrition, wound breakdown and infection, poor tissue vascularity, previous surgery 

and/or chemoradiotherapy, lack of recipient vessels and psychological issues 385-388.  

 

A second free flap for failure has been performed with varying frequency in small numbers 

of patients in major centres such as Taipei (Taiwan) [35% to 53%] 38 109, Liverpool (UK) 51 

[70%] and Texas (USA) 385 [70%]. Refinements in surgical technique 109, 385-387 mean that 

the failure rate for an immediate second free flap is generally slightly raised but improving: 

4% to 11% 385 51, 109, 310, 388. However, failure may sometimes be comparatively frequent: 

25% to 47% 327, 389, 390. In general, the majority of second free flaps selected were not bone 

flaps and a PPM flap has been the preferred alternative. In Leicester the PPM flap remains 

the preferred salvage reconstruction in the absence of technical error with a success rate 

which is comparable to the best free flap outcomes (95%), although wound complications 

were common 309.  

 

Overall, the PPM flap probably remains the most frequently used reconstruction salvage 

option in the UK and elsewhere. The case is most compelling with substantial comorbidity, 

advanced or further disease with a limited prognosis and for large tongue, oropharyngeal 

and lateral mandible defects 220, 325, 347.  

 

4.5.x Salvage reconstruction of recurrent or further primary disease 

 

Free tissue reconstruction is effective for both recurrent and further primary disease 57, 380, 

391-394 with comparable or slightly lower flap success rates after irradiation. However, 

complications are more frequent 380, 385, 387, 393, 394, and especially with large mandible 

defects, larger flaps and active infection 380. It is unclear how often a free flap or PPM flap 

is selected for recurrent disease but the proportion typically ranges from 1% to 36% 17, 59, 

317, 393 and 13% to 52% 311, 312, 324, 326, 350, 359, respectively.  
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The prognosis for recurrent disease is generally poor 52-58 so free tissue transfer may not be 

appropriate. However, the PPM flap remains a versatile option although complications are 

frequent at all sites (53% to 63%) 307, 311, 334 and following surgery with radiotherapy 334. 

The outcomes are difficult to compare because these studies have small sample sizes, 

multiple clinical variables, differing reconstruction and radiotherapy regimens, and 

variable outcome definitions. In the Leicester study 309, a comparatively higher proportion 

of further malignant disease was managed without significant increases in either general or 

PPM flap related complications and with improving survival outcomes.  

 

4.5.xi Current role of the pectoralis major flap 

 

The evidence for this review is mainly based on retrospective case-series or cohort studies 

(level III and IV) 395. The PPM flap remains a valuable versatile reconstructive option both 

in centres practicing free tissue transfer and throughout the developing world. The flap is 

utilised in varying proportions as either the preferred choice of reconstruction or for 

salvage reconstruction following free flap failure, further disease or surgical complications. 

A refined surgical technique and an experienced surgeon may yield total flap failure rates 

comparable or better than those of free tissue transfer. A combination of adverse factors 

such as: serious or multiple comorbidities, advanced disease and previous treatment are 

common indications. The defects most commonly reconstructed include: extended radical 

neck dissection, large lateral mandible, tongue and oropharyngeal defects. In some major 

centres a second free flap is increasingly used after initial failure as success rates improve. 

However, the PPM flap probably remains the most commonly utilised salvage option. The 

PPM flap is occasionally used together with a free flap. The needs of the local population 

vary and patient choice may increasingly influence flap selection decisions. The Leicester 

experience is broadly compatible with International practice although there is a 

comparatively higher incidence of advanced disease together with substantial medical 

comorbidity whilst the cancer survival outcomes are generally superior.  

 

 

 

 

 

 



Thesis	Submitted	for	Degree	of	Doctor	of	Medicine.	CME	Avery.		 2014	

 

105 | P a g e  
 

4.6.i The sternocleidomastoid perforator flap 

 

The sternocleidomastoid (SCM) flap is conventionally raised as a superiorly or inferiorly 

based pedicled flap and may be either a muscular, myocutaneous or myo-osseous flap 396. 

The flap was unpopular for reconstruction of the oral cavity because of the poor arc of 

rotation, precarious skin vascularity, proximity to nodal disease and the introduction of free 

tissue transfer 396, 397. In 2011 the Author described a new technique for raising the SCM 

flap based on the perforating vessels of the superior thyroid vascular pedicle that 

overcomes these limitations 398. 

 

4.6.ii Anatomy of sternocleidomastoid flap 

 

The SCM flap is a type II flap with a segmental vascular supply based superiorly on the 

occipital and posterior auricular arteries, the superior thyroid artery and/or branches of the 

external carotid artery supply the middle third and there is a variable supply to the lower 

third from the thyrocervical trunk 396, 399. The rotational SCM is commonly raised as a 

superiorly based myocutaneous flap 396, 400, often with preservation of the occipital and 

superior thyroid arteries to reduce the risk of ischaemic complications 396, 401, 402, but this 

significantly restricts the arc of rotation and applications for the flap.  

 

4.6.iii Surgical technique 

 

A conventional transverse cervical incision is utilised with the myocutaneous skin paddle 

positioned directly over the mid to lower half of the SCM muscle to preserve the 

perforating vessels 403, 404 and cutaneous branch of the superior thyroid artery 405. The 

sternal and clavicular muscle origins are divided 2 cm above the clavicle. The muscle is 

elevated based on the superior thyroid vascular pedicle (Figures 4.16 & 4.17). The 

superior muscle insertion is divided 2 cm below the mastoid and the accessory nerve 

preserved (Figure 4.17). The bulk of the flap is composed of the middle third of the 

muscle. The greatly increased arc of rotation allows placement in the floor of the mouth or 

tongue without tension (Figure 4.18). The donor site is closed primarily. The muscle only 

variant of the flap is illustrated in the publication by the Author 398. 
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Figure 4.16 
Markings of myocutaneous flap paddle.  
 
 

 
 
 
Figure 4.17 
The inferior and superior attachments of the muscle are divided and the flap 
mobilised on the vascular pedicle fully.  
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Figure 4.18 
Flap inset in floor of anterior mouth with some hair growth evident (Arrow). 
 

 
 
4.6.iv Outcomes and indications 

 

The incidence of complications, mainly partial loss of the skin paddle, with a conventional 

rotational SCM flap is substantial (20 to 52%) 396, 400, 404, 406 and may be higher after 

radiotherapy 396, 402. Total flap loss in the largest series was 7.3% 400 and in a meta-analysis 

was 4.2% (12/282) 396. In the current small series all perforator flaps survived without 

complication and functioned satisfactorily. 

 

This new technique is a logical development of the increasing utilisation of perforator flaps 

to minimise donor site morbidity 39. The perforator SCM flap was selected when a free flap 

or pectoralis major flap were not ideal because of local wound factors, substantial medical 

co-morbidity or other flap options had been exhausted. The perforator SCM flap is 

contraindicated with significant radiation damage if the vascular pedicle cannot be 

mobilised and when complete coverage of the major neck vessels is essential. The 

established use of selective and modified radical neck dissections means safe oncological 

principles are not contravened with an N0 neck or with discrete nodal involvement that 

does not involve the SCM, however no survival data are available 396, 402. In this limited 

experience the perforator SCM flap was effective for repair of small to medium sized 

defects of the lower oral cavity and the use of the flap has now been expanded.  
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4.7.i A structured planning proforma for maxillofacial oncology surgery 

 

The planning of major maxillofacial oncology surgery is complex and challenging. 

Management involves many specialist investigations and a multidisciplinary approach 407.  

 

Treatment affects many important functions, the surgical techniques are complex and 

complications are frequent. Good communication and obtaining informed consent are 

essential components of modern surgical practice 408. The quality of the surgical 

consultation record has received little attention but may not meet the basic criteria of the 

General Medical Council 409. The majority of operation records in the UK are hand written 
410 and frequently lack basic or critical elements 411, 412 410. This may be because of lack of 

training, time constraints, complexity, limited awareness and tiredness. Similar factors 

probably apply at the consultation and planning stages.  

 

Medical records should be of the highest standard to protect the patient and facilitate good 

quality care and clinical governance, audit, research, education, and the management of  

medico-legal litigation. The aim of this paper, published by the Author in 2011 313, was to 

assess the quality of documentation before and after the introduction of a novel planning 

proforma designed to facilitate the process of obtaining and recording informed consent. 

The Author is not aware of any similar systems for organising the complex information 

required by maxillofacial oncology patients.  

 

4.7.ii Oncology planning proforma 

 

The proforma is placed in the case record to act as a focus for reviewing clinical 

management. It is composed of 14 sections with a comprehensive analysis of tumour site 

and stage, investigations, resection and reconstruction, general and specific advice, 

complications, morbidity, and multidisciplinary support. It also acts as a record of the 

length and frequency of planning consultations (Figure 4.19).  
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Figure 4.19 
Maxillofacial oncology planning proforma [From Avery 313]. 
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4.7.iii Methods & outcomes 

 

Ninety case records from 1998 to 2009 were subdivided in to 3 groups of 30 records and 

retrospectively analysed. The first subgroup predated the proforma (non-proforma 1999 to 

2002), the second subgroup from soon after introduction (early proforma 2003 to 2006) 

and the third subgroup during established practice (late proforma 2007 to 2009). Sixty key  

variables were subdivided in to 5 domains, namely: initial management, operation plan, 

complications, postoperative care and specialist support.  

 

The rate of missing proforma’s decreased from 27% in the early subgroup to 13% in the 

late subgroup. The late subgroup demonstrated a significantly lower overall variable 

omission rate than both the non and early proforma subgroups (Figure 4.20). When 

comparing the non-subgroup with early and late subgroups there were 40% and 63.3% 

improvements respectively in the documentation of variables with significant 

improvements within all five domains. 

 

Figure 4.20 
Percentage of applicable variables omitted in case records [From Avery 313]. 

 

The introduction of a structured planning proforma resulted in a substantial improvement 

in the documentation of both a wide range of individual variables and the overall 

percentage of variables recorded. Improvement was most marked soon after introduction 

and was progressive over the decade. 
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The proforma was particularly effective at documenting advice on potential complications 

and the outcomes of surgery. Whilst this advice may have been given in the non-proforma 

group it was not documented and this has important implications for the quality of 

informed consent in the event of medico-legal litigation. 

 

The proforma is also a valuable educational tool as it provides a logical framework to 

guide the trainee through all the important aspects of care. The format continues to evolve 

and an electronic version may be developed as computer based operation templates or 

electronic synoptic records demonstrate superior rates of data capture 413-415. This work 

was awarded the UHL Surgical Specialties Audit Prize 2012.  
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Current and Future Research 

Chapter 1 

Soft-tissue radial free flap and donor site  

 

The Author continues to maintain a contemporaneous database of outcomes with the radial 

and other free flap procedures hence future updates on morbidity outcomes will be 

possible. Ideally a randomised controlled study would be performed to compare donor site 

morbidity at the suprafascial and subfascial donor sites, both with and without a negative 

pressure wound dressing. A substantial number of patients would be required to generate 

sufficient statistical power. The Dermatology department in Birmingham has continued to 

expand the laser de-epilation service. 

 

Chapter 2 

Osteocutaneous radial free flap and donor site 

 

The Author continues to maintain a contemporaneous database of outcomes with the radial 

and other free flap procedures. In particular the longer-term clinical outcomes with 

anatomically contoured unilocking plate systems will be reviewed. The Author has 

collected CT data on the human radius and this may be used to create a CAD model for 

further finite element simulation of current and future plate designs. 

 

Further FEA studies will include refinements in simulation of the bone – screw – plate 

hardware interfaces in order to gain a better understanding of the complex biomechanics 

under loading. The Author has considered the potential for bioresorbable materials to 

replace steel or titanium plates.  
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Chapter 3 

Osteotomy and reconstruction plate design 

The scope for studying areas within maxillofacial surgery with a refined FEA technique is 

broad. The Author will continue to integrate refinements in osteotomy design in to further 

FEA studies pertaining to oncology surgery but also related specialties such as facial 

orthognathic surgery and orthopaedic surgery. The influence of variable bone quality and 

the most appropriate method of simulating bone failure are still incompletely understood. 

The Author will monitor outcomes with the stop-hole osteotomy technique in practice. 

 

The reconstruction of segmental defects of the mandible is challenging and associated with 

significant morbidity at the donor site of bone flaps. An area of ongoing research is the 

simulation and development of bone bearing scaffolds, possibly hybrid or entirely 

bioresorbable in structure, which may avoid the morbidity associated with harvesting a 

large bone flap. A greater understanding of the biomechanical forces acting on an 

implanted construct over a period of healing would be valuable. 

 

Chapter 4  

Choice of flap reconstruction, outcomes and morbidity 

 

The Author continues to maintain a contemporaneous database of outcomes following 

percutaneous gastrostomy insertion for oncology patients. The indications and timing of 

nutritional support continue to be an area of controversy and a future review of the 

Leicester experience will be possible. Our experience with free flaps, the pectoralis major 

flap and the sternocleidomastoid flap will increase. There were significant improvements 

in overall and cancer-specific survival outcomes in the cohort with advanced disease 

managed with a pectoralis major flap. This has led to an ongoing review of outcomes for 

all patients with advanced disease.  

 

Finally, the format of the oncology planning continues to evolve and an electronic version 

may be developed as computer based templates or electronic synoptic records have 

superior rates of data capture. Although the software development would be comparatively 

simple this process would require an improvement in the support available from the 

hospital information technology service. Standardisation of the consent process and audit 

of compliance is being considered.    
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bstract

he versatile fasciocutaneous radial flap is robust and reliable, straightforward to harvest, and often produces a satisfactory reconstruction with
elatively little long-term morbidity at the donor site. Many surgeons prefer to use a limited number of trusted flaps, and these qualities will
nsure that in the intermediate future most surgical trainees will continue to be shown the fasciocutaneous radial flap as both the basic training
ap and the established option for reconstruction. Evidence from observational clinical studies and one randomised clinical trial indicates

hat there is increasing support for the use of the evolutionary technique of suprafascial dissection to minimise morbidity at the donor site.
he suprafascial donor site may be repaired with either a meshed or unmeshed partial-thickness skin graft, or a fenestrated full-thickness skin
raft, with good rates of successful healing. The application of a negative pressure dressing to the wound seems to facilitate the healing of all

ypes of skin graft. The subfascial donor site, however, remains more prone to complications. It may be helpful to position the donor site of
he flap more proximally, but this has not been proven. These refinements probably produce the best outcomes that can currently be achieved,
iven the inherent flaws of the radial donor site.

2009 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction

t is now nearly 30 years since the original description of
he radial free flap.1 This versatile and reliable flap2,3 soon
eplaced the bulky, pedicled, pectoralis major flap4–6 as the
econstruction flap of choice for thin defects of the oral
avity and head and neck region. Although osteocutaneous
aps have largely been superseded, the pre-eminence of the
oft-tissue radial flap has been challenged with only lim-
ted success by other flaps that offer potentially less donor
ite morbidity such as the fasciocutaneous ulnar flap,7,8 the
utaneous lateral arm flap,9–13 and (most recently) the antero-

ateral thigh perforator flap.14,15 These developments reflect
he increasing success and sophistication of techniques of free
issue transfer that are being driven by a desire to improve
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kin graft; Negative pressure wound dressing

he versatility of flap design while minimising morbidity at
he donor site.15,16

During this period the incidence of complications at the
onor site of the radial flap has remained high, but tech-
iques have been developed to ameliorate the shortcomings
f both the soft and hard tissue donor sites.17 In this paper
consider whether the radial soft-tissue flap is now in inex-
rable decline, or whether is it evolving to meet these new
hallenges.

he radial soft-tissue flap: a fasciocutaneous and
eptocutaneous flap

he radial soft-tissue flap is still probably most commonly

aised as a non-sensate fasciocutaneous flap using the con-
entional subfascial dissection technique.3,6,18,19 However,
t may also be raised as a septocutaneous flap by using a
uprafascial dissection technique20–23 with reinnervation if

l Surgeons. Published by Elsevier Ltd. All rights reserved.

mailto:chrisavery@doctors.org.uk
dx.doi.org/10.1016/j.bjoms.2009.09.004


246 C.M.E. Avery / British Journal of Oral and Maxillofacial Surgery 48 (2010) 245–252

is enveloped within a tunnel of investing fascia.23

n
t
t
s
h
fl
f
f
p
s
n
i

t
i
b
t
T
f
f
T
e
a
s
c
v
r

o
b
c
b
s
o
p
a
n
s

F
l
p

fl
r

Fig. 1. The radial artery in the distal forearm

ecessary,24 although there will be a variable degree of spon-
aneous sensory recovery.25 It is not generally appreciated
hat the distal radial artery together with the skin paddle may
afely be separated from the underlying deep fascia, which
as a minor, although undefined, role in perfusion of the
ap.26 Perforating vessels pass through the deep fascia to
orm subfascial, intrafascial, and suprafascial plexuses. The
ascia provides a degree of additional protection to the distal
edicle and integrity to the flap.26–29 The blood supply to the
kin of the forearm is primarily from the extensive subcuta-
eous vascular plexuses that lie superficial to the deep invest-
ng fascia26–28,30 and perforating septocutaneous vessels.31

In the distal forearm the layers of deep fascia between
he brachioradialis and flexor carpi radialis tendons form an
nvesting septum around the radial artery (Fig. 1), which may
e divided to raise the flap in a suprafascial plane and leave
he fascia over the flexor tendons intact (Figs. 2–5).20,22,23

his meets the criteria used to define a septocutaneous per-
orator flap, as the vessels pierce the superior layer of deep
ascia before traversing only a septum to supply the skin.32,33

his interpretation may depend on whether it is consid-
red a specific septum that has been dissected, and there is
n ongoing debate as to the most appropriate classification
ystem for perforator flaps.15 The reliability of the septo-
utaneous radial flap is comparable to the fasciocutaneous
ersion of the flap,18,19,21,34–39 with reported flap success
ates of 96–100%.21–24,40

The radial free flap remains a reliable and versatile method
f reconstruction that is suitable for a wide range of defects
y incorporating bone, tendon, and neural and adipofas-
ial components.41 Several refinements of its design have
een described to manipulate the shape and volume of the
oft-tissue components of the flap, and improve functional
utcomes. These modifications are of varying merit and com-

lexity, and include the bilobed,42 longitudinal,43 omega,44

nd rectangular template45 techniques. Additional subcuta-
eous tissue may safely be included beyond the skin paddle,
uch as in the beavertail technique,46 but the volume of the

M

A
d

ig. 2. Division of the medial and lateral aspects of the fascial envelope to
ift the pedicle and flap off the underlying deep fascia. The height of the
erforating septocutaneous vessels is exaggerated.22,23

ap is not always ideal, as the thickness of the skin paddle
emains relatively fixed (Fig. 6).
orbidity at the radial soft-tissue donor site

lthough the long-term morbidity at the subfascial radial
onor site is often relatively minor,18,47 and of secondary
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Table 1
Morbidity at the radial soft-tissue donor site.

Subfascial donor site Suprafascial donor site

Bardsley 199034 Richardson 199718 Lutz 199921 Avery 200723

Type of study Retrospective Prospective Prospective Prospective
No. of donor sites (n) 67 86 95 121
Skin graft thickness Partial Partial Mainly Partial Mainly Full
Skin graft loss (%) 28a 16 6 4
Tendon exposure (%) 28a 13 0a 3
Delayed healing (%) 28a 22 5a 4

a Assumed or estimated.

Fig. 3. The suprafascial dissection is at a deep subcutaneous level to min-
imise disruption of the overlying subcutaneous plexus and just above the
i
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T
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F
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fl
t

F
a
t

o
t
i
findings must be interpreted in the knowledge that the for-
nferiorly placed superficial fascial plexus, particularly on the ulna aspect.
issection continues over the brachioradialis and flexor carpi radialis ten-
ons towards, but not quite as far as, the radial artery.

mportance to most oncological patients, prolonged wound
ealing is an undesirable inconvenience and may lead to
ppreciable loss of function and a poor aesthetic result.18
he incidence of the three most widely reported indicators
f unsuccessful initial wound healing has remained consid-
rable in the large clinical studies (Table 1). The rate of loss

ig. 4. The distal pedicle is raised to expose the floor of the fascial envelope
etween the flexor tendons. As the dissection proceeds proximally, the fascial
oor becomes progressively thinner. There are few vessels passing between

he deep fascia and the subcutaneous tissue.

m
a
w

F
s
t

ig. 5. The suprafascial donor site remains covered with investing fascia
nd some deep subcutaneous tissue on the radial aspect. The arrow indicates
he superficial radial nerve.

f skin grafts in major operative series is as high as 16%18

o 28%.34 Two more recent prospective series have claimed
mproved rates of healing of 91%37 and 93%,36 but these
er study excluded loss of less than 25% of the grafted
rea, and the latter excluded late breakdown of the wound,
hich is common. Loss of the skin graft often leads to

ig. 6. Additional subcutaneous tissue may be harvested to include more
eptocutaneous perforating vessels and increase the bulk of the reconstruc-
ion.
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xposure of the flexor tendons and delayed healing. Sen-
ory loss is common but relatively minor.48 The scarring and
eformity of the forearm may be unsightly but is often well-
olerated,49,50 although it may be more of a concern with
lective reconstructions for benign disorders or among female
atients.51

educing morbidity at the radial soft-tissue donor
ite

epair of the donor site defect

he subfascial donor site is commonly managed by over-
ewing of the flexor tendons with the musculature,52 and
hen repair with a partial-thickness skin graft.18,53,54 This
pproach is convenient and often thought to heal more readily
han a full-thickness graft.55 Unfortunately the partial-
hickness donor site commonly results in discomfort, slow
ealing, itching, and unsightly scarring. It also requires more
hanges of dressing than a full-thickness donor site.36

To avoid the complications of a donor site for a skin
raft, small radial defects may be closed primarily,56 and
edium-sized defects may be managed with an ulnar flap,57

-plasty,58 bilobed flap,59 or V-Y advancement flap,60–62

ut these techniques may further distort the sensitivity and
ppearance of the forearm.34,57 Alternatively, the defect may
e repaired with an acellular human dermal matrix, but heal-
ng is prolonged.63,64 Artificial dermis in combination with a
artial-thickness skin graft has been advocated at both the
ubfascial65 and suprafascial39 donor sites, but with little
pparent benefit.

Most radial defects may be repaired with a full-thickness
kin graft, and the donor wound closed primarily with
inimal morbidity.50 Large defects may be reduced in

ize with a purse-string,19,37 or cross-suturing technique,66

eaning that only the largest defects should require closure
ith a partial-thickness graft. Excellent results have been

chieved with full-thickness grafts in small retrospective
tudies,49,67,68 and in larger prospective studies of lower
bdominal36 and inner upper arm50 donor sites. Full-
hickness grafts heal with less contraction23 and seem to
rovide a better functional and aesthetic outcome50,61,67,68

han partial-thickness grafts, but this has been disputed.36,69

recent prospective randomised study reported a superior
nitial functional and aesthetic outcome after repair of the
uprafascial donor site with an unmeshed, partial-thickness
kin graft compared with repair of the subfascial donor site
ith a meshed, partial-thickness graft, but a subgroup of

ull-thickness grafts was not included.70

he suprafascial donor site
etailed prospective operative series that have studied wound
ealing at the suprafascial donor site21,23 have supported
he hypothesis that this donor site provides a more suitable
kin graft recipient site than the subfascial site. The fascia

fl
s
r
t

xillofacial Surgery 48 (2010) 245–252

nd residual soft tissue on the radial aspect are vascularised,
nd the skin graft is protected from the movement of the
nderlying tendons. The incidence of graft loss is relatively
ow with either partial-thickness (6%),21 or full-thickness
4%),23 grafts. The donor site also seems to be more resis-
ant to exposure of the flexor tendons and delayed healing
Table 1).21,23,71 In the only prospective randomised study,
o my knowledge, in which morbidity at the suprafascial and
ubfascial donor sites was compared, the overall incidence
f exposed tendons at the suprafascial site (3%, 1/30) was
ignificantly lower than at the subfascial site (21%, 6/28).70

he incidence of exposed tendons in the subfascial sub-
roup that was managed with a meshed partial-thickness
raft was highest (33%, 5/15), but analysis of subgroups
ith relatively small numbers should be interpreted with

aution.

ype of wound dressing

he type of wound dressing is an important but unquanti-
ed factor in healing. The negative pressure wound dressing
as yielded excellent rates of graft healing at both the sub-
ascial and suprafascial donor sites with either partial or
ull-thickness skin grafts,23,53,72,73 and superior results in a
mall retrospective comparison with the conventional bolster
echnique.74 The negative pressure dressing closely adapts
he skin graft to the recipient site, minimises movement, and
liminates dead space. It is not necessary to extend the neg-
tive pressure dressing over the hand, and the wrist may be
obilised immediately.22 The dressing may expedite early

evascularisation and healing of skin grafts,75–77 although
ot all studies have supported these findings.78 At the radial
onor site the dressing has also been used to stimulate heal-
ng by secondary intention over exposed flexor tendons53 and
acilitate early re-grafting after loss of a graft as a result of
nfection.71

dditional methods of harvesting radial flaps

o avoid exposure of the distal flexor tendons, the radial flap
as been harvested with a shortened pedicle from the midfore-
rm and successfully used for oral reconstruction; however,
he incidence of complications at the donor site was not
eported.19 To achieve primary closure of the skin at the donor
ite an adipofascial flap may be harvested through linear,79

-shaped,80 or multiple81 small incisions, but the flap may
eal with fibrosis and dimensional changes.80 Alternatively
he forearm skin may be expanded,82,83 or the distal fascia
relaminated with a partial-thickness skin,84 or mucosal85–87

raft, although this may also reduce the pliability of the

ap.86 These latter techniques introduce a delay, but occa-
ionally have a role in elective reconstructions,88,89 or when
adiotherapy and chemotherapy are the initial oncological
reatments.85,86,88
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lternatives to the radial flap

any factors influence the choice of most appropriate recon-
truction for an individual patient and defect. Occasionally
local flap,90,91 or a pedicled flap, usually the pectoralis
ajor flap,4,92–94 provides a credible alternative to free tissue

ransfer. This may be because free tissue transfer tech-
iques are either unavailable, not possible, or there is a
igher risk of failure after an unsuccessful previous free flap,
nd the local vasculature and wound conditions have been
ompromised95; even then a further free flap may still be
onsidered appropriate.96

Reconstruction with a free flap is usually the preferred
ption, and an ideal alternative should have a high rate of
redictably successful harvest and revascularisation, permit
ynchronous two-team operating, improve the qualities of the
kin or other components, have a long vascular pedicle with
large calibre, be capable of reinnervation if required,24,97

nd cause minimal functional and aesthetic morbidity at the
onor site. The ulnar7,8,98,99 and lateral9–13 arm flaps may
ubstitute for the radial flap in the oral cavity with a com-
arable functional outcome, and also offer advantages such
s variable skin thickness, relative lack of hair, and poten-
ially less donor site morbidity. However, these flaps have
ot replaced the radial flap in most surgical units, probably
ecause the potential benefits are considered inconsequen-
ial or relatively minor and there may be a perception that
he anatomy is unfamiliar, harvesting is technically more dif-
cult, availability of tissue is limited, there is potential for
erve injury, and the pedicle may be shorter or of smaller
alibre.

The anterolateral thigh perforator flap is the latest credi-
le alternative that is achieving popularity. Although initially
escribed at a similar time as the radial flap it has only recently
een advocated as the reconstruction of choice in reports of
atients of far-eastern or asian origin.14,100–104 The success
ate is similar to that of the radial flap, and concerns about
he variability of the perforating vessels have lessened, with
nsuitable vessels present in less than 5% of flaps.103,105,106

owever, the anatomy of the perforating vessels is not con-
tant and the profunda femoris and lateral circumflex femoral
rtery may also be affected by peripheral vascular disease,
hich is uncommon with the radial flap.107,108 The surgeon

herefore needs to be prepared to modify the dissection, occa-
ionally to convert to an anteromedial thigh flap, change to
he other limb, or select another donor site.109 The advantages
f the anterolateral thigh flap include the large and flexible
ize of the often relatively hairless tissue paddle or paddles
n the eastern or asian population, together with a vascu-
ar pedicle that is comparable in length and calibre to the
adial pedicle,15 although less robust.110 Like the radial flap
t may also be reinnervated, although the functional benefits

re controversial. Appreciable advantages are that the donor
ite may usually be closed primarily with a hidden scar,111

nd no major vessel is lost. The sensory and functional mor-
idity can become appreciable if a considerable amount of
xillofacial Surgery 48 (2010) 245–252 249

he vastus lateralis is removed or repair with a skin graft is
ecessary.112 In a western population the flap is often thicker,
articularly in women; less pliable and more hairy in men; but
t has successfully been used for oral reconstruction.113 Pri-

ary thinning of the flap is challenging114,115 and a secondary
rocedure is probably more appropriate unless the surgeon
s experienced.116,117 This may be a serious disadvantage
hen superficial oral defects are being repaired, although

nitial comparative studies with the radial flap have shown
o significant differences in functional outcomes.118,119 The
nterolateral thigh flap, therefore, does not currently pos-
ess all of the qualities necessary to render the radial flap
bsolete, and the role for this flap will become more defined
ith experience and refinements in harvesting techniques. It

hould play a complementary part as the “big brother” of
he radial flap.120 It may be more suitable for defects after
emiglossectomy and subtotal glossectomy, tubed oropha-
yngeal reconstructions, and larger, more complex oral and
acial defects when the versatility of the design of the flap and
nclusion of a muscular component with variable volume of
issue are important.101,121,122

The anterolateral thigh flap is less appropriate for partial
lossectomy or superficial defects of the floor of mouth and
uccal mucosa for which the radial flap is usually the recon-
truction of choice. It should be considered, together with
ther options, when the radial skin is particularly thin or the
rist especially narrow and harvest of a large flap would

ause significant aesthetic or functional morbidity or when
he vascularity of the flap or hand is compromised. Finally, it

ay be a matter of preference to the patient when, the quality
f the donor site defect is also of paramount importance for
unctional or aesthetic reasons.
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bstract

his is a prospective study of 121 consecutive radial septocutaneous flaps harvested by one surgeon. There were 117 successful flaps (97%).
he incidence of early return to theatre for potential problems with the flap or the neck wound was 12/121 (10%) and the flap salvage rate was
/7 (43%). The incidence of three early wound healing complications at the suprafascial donor site were: loss of the skin graft (4%), tendon
xposure (3%) and delayed healing (4%). A full-thickness skin graft, usually from the inner upper arm, was used to repair three-quarters of donor
ite defects. The median time to healing was significantly longer for partial thickness grafts (14 days compared with 10 days, p < 0.001). The
egree of contraction of the skin graft used to repair the radial defect was significantly less for full thickness than partial thickness grafts (median

21% compared with −33%, p = 0.01). There was more relative contraction with larger grafts (p < 0.001) and in older patients (p = 0.01).
The septocutaneous radial flap is reliable. The early morbidity at the suprafascial donor site is relatively low in comparison to that reported

t the subfascial donor site.
2007 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction

he radial flap is commonly raised in the subfascial plane
s a fasciocutaneous flap. It was classified by Cormack and
amberty1 as a Type C flap with several fasciocutaneous
essels that pass along the intermuscular fascial septae to
orm a deep fascial plexus that perfuses the skin. How-
ver, in the original description by Yang and co-workers2 in
981 it was described as a “reticulovascular” flap. Timmons3

ubsequently noted that the major vessels and anastomoses
etween the cutaneous perforating vessels all lay superficial
o the deep investing fascia. The fascial plexuses seemed to
ave a limited role in perfusion of the flap, but the fascia may
rotect the vascular pedicle during harvest.3,4 This was sup-

orted by observations that the blood supply to the skin of
he forearm is primarily from the subcutaneous plexuses.4,5
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in graft; Morbidity

In 1996 Chang et al.6 described a conjoining of the two lay-
rs of deep fascia between the distal brachioradialis and flexor
arpi radialis tendons to form an investing septum around
he radial artery (Fig. 1), which may be divided either side
f the pedicle to allow the flap to be raised in a suprafas-
ial plane and leave the fascia of the forearm over the flexor
endons intact (Figs. 2 and 3).7,8 Here I describe the largest
ublished prospective series, to my knowledge, by a single
urgeon using this dissection technique. My aim was to study
he septocutaneous flap and three early outcome measures at
he suprafascial donor site: loss of the skin graft, exposure of
he flexor tendons and delayed healing.

ethods
echnique of suprafascial dissection

he technique is slightly more demanding than the conven-
ional subfascial approach. All flaps were raised under a

l Surgeons. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. In the distal forearm the radial artery is env

Fig. 2. Division of the lateral aspect of the fascial envelope. The height of
the perforating septocutaneous vessels is exaggerated (based on Avery et
al.8).

Fig. 3. Preservation of the deep layer of the fascia (based on Avery et al.8).
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eloped within a tunnel of investing fascia.

rachial tourniquet using binocular loupes. The dissection
s at a deep subcutaneous level to minimise disruption of the
verlying subcutaneous plexus and inferiorly placed superfi-
ial fascial plexus, particularly on the ulna aspect. Dissection
ontinues over the brachioradialis and flexor carpi radialis
endons towards, but not as far as, the radial artery (Fig. 4).
he radial artery and venae comitantes are then divided dis-

ally and the pedicle sutured to the skin. The distal pedicle is
aised to expose the floor of the fascial envelope between the
exor tendons (Fig. 5). The medial and lateral aspects of the
ascial envelope are incised. As the dissection proceeds prox-
mally the fascial floor becomes progressively thinner, and it

ay be difficult to remain entirely above the fascia but this is
ot important over the musculature. Perforating vessels to the

eriosteum and muscles are ligated (Fig. 6). The superficial
adial nerve and thenar cutaneous branch of the lateral ante-
ubital nerve are identified within the subcutaneous tissues,
nd dissection along these structures is the correct plane on

Fig. 4. Suprafascial dissection below the subcutaneous plexus.
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Fig. 5. Pedicle raised from the floor of the fascial envelope.
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Fig. 6. Deep perforating vessels.

he radial aspect. The investing fascia of the forearm is incised
s the pedicle passes within the lateral intermuscular septum
nd the proximal dissection is completed in the conventional
anner. The donor site remains covered with investing fas-

ia and some deep subcutaneous tissue on the radial aspect

Figs. 7 and 8). The radial pedicle is intimately related to the
ubcutaneous tissues (Fig. 9). A dressing that applied a con-
tant subatmospheric pressure was placed at between −75 to
125 mmHg (VAC system, KCI Medical Ltd., England).

ig. 7. The suprafascial donor site. Arrow indicates the superficial radial
erve.
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ig. 8. Vascularised deep fascia covering the paratenon of the flexor tendons.

ata

he following data were recorded prospectively for each
atient: age, sex, donor arm, ischaemic time, healing of the
onor site, and wound complications. Osteocutaneous sites
ere excluded. A full thickness skin graft was applied when-

ver possible. The size of the donor site defect with the skin
raft in place was recorded using a template technique at
he time of operation. The template was transferred to 1 mm
raph paper and the area (cm2) calculated.

The dressing was initially removed on the fifth postopera-
ive day but this was soon changed to the 10th day, although
he negative pressure was still discontinued by the fifth day.
he area of healing graft was recorded after removal of the
ressing, and at day 30 and later if healing was delayed. Heal-
ng of the graft was defined as the time to when a dry dressing
as sufficient, and healing that took more than 30 days was

onsidered delayed. The area of the graft was measured again
t a minimum of 4 months to assess late contraction of the

raft.

ig. 9. The vascular pedicle intimately related to the subcutaneous tissues.
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Table 1
Septocutaneous flaps and donor sites

No of patients 120
No of operations 121
Mean (SD) age (years) 57 (14)
Male:female ratio 77:43
Median (range) follow-up (months) (n = 84) 16 (1–49)
Left:right arm 110:11
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ominant arm 4
edian (range) ischaemic time (min) 65 (35–95)

ata are number of observations unless otherwise stated.

tatistical analysis

he groups who had full and partial thickness skin grafts were
ompared using the Mann–Whitney U test for time to healing,
uration of follow-up, size of skin graft, and percentage of
ate contraction. Spearman’s correlation coefficient (r) was
sed to measure the association between the extent of the
ate contraction and the length of follow-up, age, and size of
raft. The Wilcoxon signed rank test was used to compare
he percentage of skin graft that healed between days 10 and
0.

esults

atients

ne hundred and twenty consecutive patients were studied
etween March 1999 and January 2006 (Table 1). The initial
1 patients could not be reviewed after 1 month. Five patients
4%) died within 30 days of operation.

eptocutaneous flaps

total of 121 flaps were used to reconstruct oral or facial
efects (n = 113) and limbs (Table 2). Four flaps failed com-
letely, there were no partial failures. Some flaps suffered

ransient desquamation. The flap success rate was 97%. Two
aps failed to perfuse and one of these patients had previously
eceived radiotherapy. Two flaps failed because of venous
hromboses on days 2 and 12.

able 2
ealing of full and partial thickness skin grafts

ealing of grafts Day

10 (n = 119) 30 (n = 116)

o (%) that had healed completely 109 (92) 111 (96)
ean (SD) percentage area of full
and partial thickness grafts that
had healed

98 (13) 98 (11)

ean (SD) percentage area of full
thickness grafts that had healed

98 (11) 98 (13)

ean (SD) percentage area of partial
thickness grafts that had healed

95 (20) 100 (2)

igures have been rounded to nearest percentage point.
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The incidence of early return to theatre for potential prob-
ems with the flap or the neck wound was 12/121 (10%)
nd the flap salvage rate was 3/7 (43%). Two thrombosed
enous pedicles were salvaged on days 1 and 2, and one
leeding artery was repaired on day 3. Two flaps remained
iable despite unsalvageable early thromboses of the pedicle.
hree cervical haematomas were drained. Two oral fistulas
ealed spontaneously, and a fistula of the soft palate required
econdary closure.

uprafascial donor sites

ost donor sites were repaired with a fenestrated full thick-
ess graft (93/120, 78%), mainly from the inner upper arm,
r a meshed partial thickness graft (27/120, 22%). At one
ite both types of graft were used because of an error in
ssessment, and this site is excluded.

A total of 109/119 skin grafts had healed completely by
ay 10 (92%) and by day 30 it was 111/116 (96%) (Table 2).
here was no significant difference between the full and
artial thickness grafts at either time. The median time to
ealing was significantly longer for partial thickness grafts
14 compared with 10 days, p < 0.001).

Some skin was lost at 11% (13/116) of donor sites at some
tage during the healing period. Loss was usually incomplete
11/13) and minor, ranging from 5 to 65% of the grafted
rea. Methicillin-resistant Staphylococcus aureus was iso-
ated from six sites. A single tendon was exposed at 3/116
ites (3%) and one tendon was excised. Significant graft
oss was managed with a subatmospheric pressure dressing
o encourage the early formation of granulation tissue and
e-epithelialisation. Six sites were regrafted, of which four
ealed within 30 days. Healing was delayed beyond 30 days
t 5/116 sites (4%).

ize and contraction of the skin graft

he overall median size of the skin grafts was 38 cm2 (range
1–126). As expected the partial thickness grafts were sig-
ificantly larger than the full thickness ones (p = 0.001).
ighty-two patients were available for assessment of late
ontraction of the graft. The overall median percentage skin
raft contraction, after a minimum of 4 months was −26%
range −75 to +13). There was more relative contraction the
arger the area of the graft (r = 0.42, p < 0.001), and the older
he patient (r = 0.29, p = 0.01), but less association with the
uration of follow-up (r = 0.16, p = 0.17). Men’s grafts con-
racted slightly less than women’s (median −22% compared
ith −30%, p = 0.02). Full thickness grafts contracted less

ignificantly than partial thickness ones (p = 0.01) (Table 3).
iscussion

he success rate of the septocutaneous radial flap in this series
s comparable with reports of the technique from the Chang
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Table 3
Size of skin graft and late contraction of grafts

Thickness of graft

Full Partial

Early graft (n) 94 27
Median days to healing

(range)
10 (5–49) 14 (10–35)

Median size of graft (cm2) 35 (11–96) 72 (36–126)
Late contraction (minimum 4

months) (n)
64 18

Median duration of follow-up 15 (4–49) 19 (4–36)
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(range)
edian percentage
contraction (range)

−21 (−75 to +13) −33 (−66 to −15)

ung Memorial Hospital, Taipei, Taiwan (96.8–100%).7,9,10

review of 3361 different free flaps done for various indi-
ations from the same hospital reported a success rate of
7%.11 Many of the larger series of fasciocutaneous radial
aps have not stated success rates,12–15 but retrospective
eports have described rates of 92.5%,16 96.6% (excluding
artial failures),17 96.7%,18 and 98%.19 A success rate of
5% has become a benchmark figure. The incidence of explo-
ation and salvage of flaps in this series is comparable with
hose reported.9,11,18–20

The only vessels between the deep investing fascia and the
ap were perforating muscular and periosteal vessels beneath

he pedicle, and a few fasciocutaneous vessels from the fas-
ia. This is consistent with the hypothesis that the fascia has a
inor role in perfusion of the flap. The increasing popularity

f perforator flaps has led to a review of flap terminology.
septocutaneous perforator flap is currently defined as hav-

ng vessels that pierce the outer layer of deep fascia before
raversing only a septum to supply the skin.21 A radial flap
aised in the suprafascial plane may fit within this definition
ut if a septum is present it must be short. The septum has
een exaggerated in Figs. 2 and 3.

The conventional technique of subfascial dissection is
ssociated with an appreciable incidence of early compli-

ations at the donor site (Table 4).12,13 The incidence of skin
raft loss may be as high as 28%12 and 16%.13 Two recent
rospective series have claimed improved rates of healing
3.4%14 and 91% using a purse-string closure,15 but these

d
s

r

able 4
orbidity at the radial donor site

Subfascial donor site

Bardsley (1990) Richardson (1997)

ype of study Retrospective Prospective
o. of donor sites 67 86
ype of skin graft Partial thickness Partial thickness
oss of skin graft (%) 28a 16
xposure of tendon (%) 28a 13
elayed healing (%) 28a 22

igures have been rounded to nearest percentage point.
a Assumed or estimated.
b At day 30.
lofacial Surgery 45 (2007) 611–616 615

eports excluded late breakdown of the wound or loss of less
han 25% of the grafted area, respectively. At the suprafascial
onor site Lutz et al.7 reported complete healing of 94% of
rafts, which were mainly partial thickness. Although partial
hickness grafts are thought to heal more readily than full
hickness grafts there was no difference in the extent of heal-
ng in this study, and the median time to healing was actually
horter for full thickness grafts. Partial thickness grafts also
equire more changes of dressings.14 I therefore prefer to use
full thickness graft from the inner upper arm whenever pos-
ible, where there is excellent healing of the donor site.22 Lutz
t al.7 lost several full thickness grafts because of haematoma
ormation, but the subatmospheric pressure wound dressing
ay avoid this problem, and have an undefined beneficial

ffect on wound healing.8

Exposure of a tendon has not previously been reported
t the suprafascial donor site.6,7 The incidence of 3% in
he present series is lower than at the subfascial site, which
s typically 28%12 or 13%.13 The suprafascial donor site
eems to be resistant to tendon exposure,23 which is a major
ause of delayed healing.12,13 Delayed healing is not unusual
t the subfascial donor site, where it has been reported as
8%12 and 22%.13 The incidence of delayed healing in the
resent study of 4% is similar to that reported by Lutz et al.7

Table 4). Recent studies have not specified the incidence of
hese complications.14,15,24 Smith et al.17 sited the flap more
roximally to avoid exposure of the flexor tendons, but this
hortens the pedicle and the flap may be bulkier with fewer
erforating vessels.

The contraction of the full thickness grafts (median
21%, range −75% to +13%) was significantly less than

artial thickness grafts (median −33%, range −66% to
15%) at the suprafascial donor site. In the only other

tudy of graft contraction, at subfascial donor sites man-
ged with partial thickness grafts, Moazzam and Gordon25

eported a mean contraction rate after purse-string closure
f −65%, which was significantly more than that of −38%
fter conventional closure. There was a relatively low inci-

ence of skin graft loss and tendon exposure in this small
eries.

This prospective study has shown that the septocutaneous
adial flap is reliable. The incidence of three early complica-

Suprafascial donor site

Lutz (1999) Avery (2007)

Prospective Prospective
95 121
Partial and full thickness Full and partial thickness
6 4b

0a 3
5a 4
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ions at the suprafascial donor site was less than that reported
t the subfascial site. However, direct comparison with other
apers is constrained by uncontrolled factors and the different
ethods of collection and presentation of data. A comparative

tudy would be useful.
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bstract

he radial flap may be raised using a subfascial or suprafascial approach. The latter donor site is associated with fewer healing complications.
e retrospectively evaluated the quality of sensory recovery within two comparable groups of 30 patients with subfascial and suprafascial

onor sites. When considering the two groups, two-point discrimination was the modality most commonly reduced, with 97% of patients in
oth groups having reduced sensation in at least one anatomical zone. Sensation of sharp touch was most often lost; 90% in the subfascial and
3% in the suprafascial groups lost sensation in at least one anatomical zone. Roughly half the patients had reduced perception of light touch
43% and 50%), whilst perception of heat (27% and 17%) and cold (33% and 27%) were lost least often. At least one modality in at least one
natomical zone was lost or reduced in all patients, and roughly two-thirds (73% and 63%) had a reduction in 3 or more. The only significant
ifference between the donor and non-donor arms was reduced perception of sharp touch in the anterior forearm in both groups (p  < 0.001).

erception at the two sites (including the anatomical snuff box) was similar except for superior thenar palmar light touch (p = 0.015) in the
uprafascial group, which may indicate injury to the thenar cutaneous sensory branches during subfascial dissection.

 2011 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

eywords: Radial flap; Morbidity; Donor site; Sensation
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ntroduction

efects of the oral cavity are most commonly reconstructed
sing the fasciocutaneous radial flap.1 Wound healing com-
lications at the subfascial donor site have been widely
eported and often include loss of the skin graft, exposure
f tendons, and delayed healing,1–3 but the incidence and
attern of sensory changes have been studied less well. Sen-

ory loss is variable and typically occurs at between a half to
hree-quarters of fasciocutaneous donor sites.4

∗ Corresponding author at: Department of Maxillofacial Surgery, Uni-
ersity Hospitals of Leicester NHS Trust, Leicester LE1 5WW, United
ingdom. Tel.: +44 0116 258 6953; fax: +44 0116 258 5205.
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The radial flap may also be raised as a septocutaneous
ap by using the suprafascial dissection technique which
etains the fascial covering over the flexor tendons. The
ncidence of wound complications at the suprafascial donor
ite was lower than at the subfascial site in several large
perative series1,5–7 and in one relatively small comparative
tudy.8

The superficial branch of the radial nerve lies just above
he fascia (Fig. 1) and suprafascial dissection proceeds along
he superior aspect of the nerve. The branch is readily iden-
ified and requires minimal mobilisation, but it is not known
hether this results in improved sensory recovery. To our
nowledge, sensory recovery at the suprafascial donor site

as not previously been studied objectively, and this report is
he first to compare the extent of sensory recovery at subfas-
ial and suprafascial donor sites.

l Surgeons. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Suprafascial radial donor site covered by investing fascia. In the
suprafascial dissection the sensory branches of the superficial branch of the
radial nerve (arrow) usually remain within the subcutaneous tissue and do
not require formal mobilisation.
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Table 1
Sensory evaluation score and clinical threshold.

Score Target force (g) Clinical sensory threshold

1 0.008–0.07 Normal
2 0.16–0.4 Diminished light touch
3 0.6–2 Diminished protective sensation
4 4–180 Loss of protective sensation
5
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mainly to the level of diminished light touch. There were no
ethod

atients who had undergone harvest of a non-sensate radial
ree flap and who had been followed up for over one year were
ecruited at the time of clinical review. Ethical approval and
ppropriate informed consent were obtained. Data collected
ncluded demographic details, type of radial flap, size and
ype of skin graft; and wound complications such as loss of
raft, exposure of tendons, and healing delayed beyond 30
ays. Full thickness grafts were primarily harvested from the
nner upper arm,9 and partial thickness grafts were harvested
rom the proximal ipsilateral forearm or outer upper arm.

ssessment  of  sensory  recovery

he forearm and hand were subdivided into anatomical zones
ased on the Touch-Test (North Coast Medical, Inc. CA,
SA) sensory evaluator mapping system. Sensation of the

kin graft at the donor site was also assessed. Patients closed
heir eyes during testing. The stimulus was applied up to
hree times and a single response was positive; the most sen-
itive value was recorded. To minimise false responses a test
timulus was not always done.

ight touch

ight touch was tested using Semmes-Weinstein monofila-
ents. A single response was positive for monofilament sizes

.65–4.08 (0.008–1.0 gf). A single stimulus was applied for

izes 4.17–6.65 (1.4–300 gf). The force levels were correlated
o clinical sensory thresholds (Table 1).

s
i

 300 Deep pressure sensation only
 – Tested with no response

harp  touch

harp sensation was assessed using a blunted 27-gauge dental
eedle without breaching the skin if possible.

emperature

ental mirrors were equilibrated in water at 0–5 ◦C (cold) or
0–55 ◦C (warm) and applied for 10 s.

tatic two-point  discrimination

 Touch-Test discriminator (North Coast Medical, Inc. CA,
SA) was used.

tatistical  analysis

aseline variables in population were compared between
roups using the chi-square test, Fisher’s exact, or Mann
hitney U  tests as appropriate. For sensory variables, clini-

al inferiority was deemed present when the donor arm was
t least one grade lower than the non-donor arm – for exam-
le, the difference between normal touch and diminished light
ouch. Comparisons between groups for retained and reduced
ensation were done using the chi-square or Fisher’s exact
est, as appropriate.

esults

here were 30 patients in the subfascial and suprafascial
onor site groups. Overall median age of patients at the time
f operation was 60 years (range 35–79), and the median
ostoperative follow-up period was 60 months (range 17–91
able 2). The two groups were comparable in relation to age,
ex, and length of follow-up (Table 2), and the number of
aps taken from the non-dominant arm was similar in both
roups (subfascial n  = 27 and suprafascial n  = 29).

Rates of reduced perception in different sensory tests in the
ubfascial and suprafascial groups are summarised in Table 3.
he incidence of reduced perception of light touch at indi-
idual sites in the donor arm relative to the non-donor arm
aried from 10% to 43% in the subfascial group and from 20%
o 37% in the suprafascial group. Sensitivity was reduced
ignificant differences in the incidence of reduced sensation
n individual sensory areas of the donor arm between groups,
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Table 2
Subfascial and suprafascial radial donor site groups (n = 30 in each group).

Subfascial Suprafascial p-value

Male:female ratio 19:11 18:12 0.79
Median (range) age

(years)
62.5 (37–79) 59.5 (35–70) 0.56

Median (range)
follow-up (months)

50 (17–73) 60 (20–91) 0.16

Soft tissue only flaps 26 28 0.67
Mean (range) area of

skin graft (cm2)
28.1 (12–50) 39.8 (18–96) 0.0004
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elayed healing > 30
days

9 1 0.006

xcept for thenar palmar light touch, which was superior in
he suprafascial group (p  = 0.015). There was no significant
ifference in the proportion of patients with maintained per-
eption of light touch at all sites; sensation was maintained
n 15 (50%) subfascial and 13 (43%) suprafascial patients.

Perception of sharp touch was significantly diminished in
he anterior forearm of the donor arm relative to the non-
onor arm in both groups (p  < 0.001), but not at other sites.
he incidence of loss at other individual sites varied from 0%

o 27%. There was no significant difference in the proportion
f patients who had maintained perception of sharp touch at
ndividual sites or at all sites when the groups were compared.
ensation was maintained at all sites in 3 (10%) patients in

he subfascial group and in 5 (17%) in the suprafascial group.
Perception of temperature was the best-preserved sen-

ation, with perception of heat maintained similarly in all
natomical zones of the donor arm in 22 (73%) of the subfas-
ial and 25 (83%) of the suprafascial group when compared
ith the non-donor arm. Similarly, perception of cold was
aintained in all anatomical zones of the donor arm in

0 patients (67%) in the subfascial and 22 (73%) in the
uprafascial group when compared with the non-donor arm.
n relation to two-point discrimination, perception at individ-
al anatomical sites in the donor arm was retained relative to
he non-donor arm in 33%–77% of donor sites but only one
atient (3%) in each group had maintained it at all sites.

There were no significant differences in the perception

f temperature or two-point discrimination at global or indi-
idual sites when the results of the donor arm (relative to
he non-donor arm) were compared between groups. There

a
r
c

able 3
ercentage of patients with reduced or no perception of different sensory modalitie

Subfascial group No

ensory modalities reduced but not lost
ight touch 15 (50) 

wo-point discrimination 29 (97) 

ensory modalities lost
harp touch 27 (90) 

ot temperature 8 (27) 

old temperature 10 (33) 

oss or reduction in perception of multiple modalities
oss or reduction at least one modality 30 (100) 

oss or reduction in at least three modalities 22 (73) 
axillofacial Surgery 50 (2012) 495–499 497

ere no significant differences in sensory perception between
oft-tissue (n  = 54) and composite flap (n  = 6) donor sites.
ysaesthesia was reported at 2 subfascial donor sites and

here were no cases of neuroma in either group.
Sensation at the skin graft was very poor. It responded

nly to deep pressure in the subfascial group but was slightly
ore sensitive in the suprafascial group at the level of loss

f protective sensation (p  = 0.05). The mean size of the skin
raft was largest in the suprafascial group (39.8 cm2 (range
8–96) compared with 28.1 cm2 (range 12–50); p  = 0.0004).
wo subfascial donor sites were closed primarily. The inci-
ence of delayed healing was significantly greater in the
ubfascial than in the suprafascial group (9/30 (30%) com-
ared with 1/30 (3%); p  = 0.006). Most skin grafts in both
roups were full thickness (15/28 (54%) in the subfascial,
nd 30/30 (100%) in the suprafascial group; p < 0.0001).

iscussion

he incidence and pattern of sensory changes after harvest
f the radial free flap have not been studied extensively. The
ncidence of altered sensation varies widely and usually is
ot classified. Previous reports have noted changes mainly
n the sensory field of the superficial branch of the radial
erve, but several sensory nerves may be damaged at vari-
us levels within the forearm. In initial studies the incidence
f paraesthesia of the nerve typically varied from 17%3 to
0%.10–13 In a large study of 100 donor sites, Bardsley et al.3

eported paraesthesia in 17%, hyperaesthesia in 3%, and neu-
oma in 2%. The relatively low incidence of complications
as attributed to the radial border in the donor site being

voided. In a contemporary personal series of 104 donor sites
y Vaughan,13 the incidence of paraesthesia of the superfi-
ial branch of the radial nerve was much higher (80%, with
evere dysaesthesia in 3.8%).

The first large prospective study in 1997 by Richardson
t al.2 included 74 patients who were assessed one year
fter operation. Paraesthesia of the superficial branch of the
nd 2.7% developed dysaesthesia. In 2001 Toschka et al.14

etrospectively compared 35 patients with 15 non-surgical
ontrols and included a questionnaire on hand function. There

s (relative to non-donor arm) affecting at least one anatomical zone.

 (%) Suprafascial group No (%) p-value

17 (57) 0.61
29 (97) 1.00

25 (83) 0.71
5 (17) 0.35
8 (27) 0.57

30 (100) 1.00
19 (63) 0.41
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as no difference in stereognosis, proprioception, and two-
oint discrimination of the palm and finger pads. However,
7.1% complained of hypoaesthesia of the forearm, and 8.6%
f anaesthesia. A degree of sensory recovery within the skin
raft was reported at 12.4% of donor sites. The recent study of
0 subfascial donor sites by Kerawala and Martin4 provides

 more detailed analysis of the pattern of sensory recovery.
lthough 76% of patients complained of subjective sensory

oss, it was identified objectively in only 64%. A variable
egree of sensory deficit was common with loss of at least
ne modality in 64% of patients, and two or more in 50%,
hilst roughly 50% had normal sensitivity to sharp touch,

ight touch, and temperature.
The incidence of sensory changes at the suprafascial donor

ite has not been well documented. In 1996 Chang et al.5

oted that it was possible to identify and protect the superficial
ranch of the radial nerve and the thenar cutaneous branch
f the lateral antecubital nerve when using the suprafascial
pproach. In a series of 49 procedures there was “little or
o significant numbness”. In 1999 Lutz et al.6 reported from
he same unit on 95 donor sites and noted paraesthesia of the
uperficial branch of the radial nerve at 54% of sites with
ysaesthesia which was “transient and mild”.

Most sensory recovery occurs within the first 6 months
f operation although further improvement may occur by 24
onths or occasionally later.15,16 Sensory recovery therefore
as essentially fully established within both groups in our

tudy as the median length of follow-up was 60 months. The
attern of sensory recovery was variable and there was no
ignificant difference between the two donor sites in percep-
ion at global or individual sites for most sensory tests. This

ight be because nerves may be injured in the proximal part
f the forearm regardless of the distal dissection technique
mployed, or reduced dissection of the superficial branch of
he radial nerve may, have no beneficial effect on long-term
ensory outcomes.

No patient in our study had complete loss of any sen-
ory modality in any anatomical zone but all patients lost at
east one modality in at least one site. Roughly two-thirds of
atients had loss or reduction of sensation in three or more
odalities. Sharp touch was lost most often (in over 80% of

ases), particularly at the anterior forearm site where it was
ignificantly absent in both groups when compared with the
on-donor arm. No patient lost sensation of light touch or
wo-point discrimination completely, but they were reduced
n roughly half the patients in the subfascial group and in
ll patients in the suprafascial group. Perception of temper-
ture was the least affected modality with up to a third of
atients affected (Table 3). Therefore, in general, patients
ay be advised that in the long-term, the majority will have

ome reduction in two-point discrimination and perception
f sharp touch of the anterior forearm in particular, roughly

alf will have some sensation of light touch reduced, but sen-
ation of temperature will be altered in only a third or fewer.
e did not study whether these changes are noticeable to the

atient.

A

M

axillofacial Surgery 50 (2012) 495–499

Sensitivity to light touch was most commonly reduced
o the level of diminished light touch. The only significant
ifference was in superior thenar palmar light touch in the
uprafascial group (p  = 0.015). We speculated that this might
ave been because of a greater incidence of injury to the
almar cutaneous branch of the median nerve in the subfascial
roup. This nerve lies just under the tendons of the flexor
ollicis longus and flexor carpi radialis, having originated
oughly 4–8 cm proximal to the distal wrist crease,17,18 and
s likely to be at greater risk of damage during subfascial
issection. There is, however, a variable degree of crossover
n the sensory distributions of the palmar cutaneous branch of
he median nerve, the superficial branch of the radial nerve,
nd the thenar cutaneous branch of the lateral antecubital
erve in this area. No patients in our study had motor or
ensory deficit in a major nerve so it is not clear exactly
hich thenar branches may have been affected.
Sensation within a skin graft returns through a combi-

ation of random regeneration of cutaneous nerves at the
ubdermal level, and sprouting of adjacent nerves.16,19 The
ecovery of sensation in the skin graft used to repair the
onor site was generally very poor. Improved sensation of
ight touch at the suprafascial donor site may be related to
he greater use of full thickness skin grafts and the retention
f dermal sensory organs, but this is just speculation.

The incidence and pattern of sensory changes are broadly
omparable with those reported by Kerawala and Martin4 but
t is noted that they did not detect injury to the median nerve.
ight touch was maintained to a similar extent, preservation
f sensitivity to sharp touch was somewhat lower, whilst sen-
itivity to temperature, and two-point discrimination were
etter preserved. No patient in our study had neuroma or
ysaesthesia at the suprafascial donor site, which is consis-
ent with the findings of Lutz et al.6 However, there is not
et enough evidence to suggest that the incidence of these
omplications is consistently lower than at the subfascial
onor site. We appreciate the limitations of a retrospec-
ive study, and comparisons with other papers are difficult
ecause the methodologies and presentation of data are
nconsistent.

The septocutaneous radial flap raised with a suprafascial
issection is the preferred version of the radial flap in our
epartment primarily because of the low incidence of com-
lications of initial wound healing, and this is supported by
he findings in the current study. Superior palmar light touch
t the suprafascial donor site may indicate increased injury to
ne or more of the thenar cutaneous branches during subfas-
ial dissection. However, our study has failed to show other
ifferences between the two donor sites at other anatomical
ones including the anatomical snuff box.
cknowledgement

y consultant colleague Mr J.P. Hayter.
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hort communication

airy intraoral flap – an unusual indication for laser
pilation: a series of 5 cases and review of the literature
ang Ngee Shim a,∗, Anthony Abdullah a, Sean Lanigan a, Christopher Avery b

The Birmingham Skin Centre, Sandwell and West Birmingham Hospitals NHS Trust, Dudley Road, Birmingham B18 7QH, United Kingdom
University Hospitals of Leicester, Leicester Royal Infirmary, Department of Maxillofacial Surgery, Infirmary Square, Leicester LE1 5WW, United
ingdom

ccepted 10 November 2010
vailable online 8 February 2011

bstract

variety of the flaps used to reconstruct defects of the head and neck region following surgery for malignant disease contain hair follicles
hat may result in unwanted hair growth. This can cause significant distress to the patients in a variety of ways. We report 5 cases of significant

ntraoral hair growth of which 4 cases were successfully managed with long-pulsed alexandrite laser. One patient was not treated due to
echnical difficulties. We review the literature on the management of hair growth on intraoral flaps.

2011 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

eywords: Complication; Hair; Laser; Reconstruction; Free flap; Head and neck cancer; Oral cancer
ntroduction

variety of flaps have been used to reconstruct defects of the
ral cavity following surgery for malignancy. The radial fore-
rm flap1 is the most commonly used flap but other free flaps
nd the pedicled pectoralis major flap typically contain hair
earing tissue. Unwanted hair growth is a therapeutic chal-
enge. The use of laser treatment has rarely been reported in
he maxillofacial literature for the management of excessive
air growth on an intra-oral flap. We describe our experience
sing a long-pulsed alexandrite laser.

ethods and results

retrospective review of case notes and photographic records

f 5 patients with intraoral hairy flap referred to the Birm-
ngham Regional Skin Laser Centre between September
005 and January 2010. The long-pulsed alexandrite laser

∗ Corresponding author. Fax: +44 1215076644.
E-mail address: tangngee@doctors.org.uk (T.N. Shim).
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Fig. 1. Patient 1: Hairy intraoral flap before laser treatment.

Apogee Elite 755-nm; Cynosure, Chelmsford, MA, USA)
as preferred. Xylocaine® 10% spray (lidocaine) was used

or topical anaesthesia. The demographics, diagnosis, types

f flap, symptomotology and outcome are listed in Table 1.
our cases were successfully managed but access for one case
as too restricted (Figs. 1 and 2).

l Surgeons. Published by Elsevier Ltd. All rights reserved.

dx.doi.org/10.1016/j.bjoms.2010.11.021
mailto:tangngee@doctors.org.uk
dx.doi.org/10.1016/j.bjoms.2010.11.021
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Table 1
Summary of case series.

Patient Age (years), sex,
ethnicity

Diagnosis Types of flap used in
reconstruction

Symptoms Treatment outcome

1. 53, M, Asian Squamous cell carcinoma
(SCC) right tongue

Radial forearm free flap Difficulty trimming hairs
for one year (Fig. 1).
Trapped food debris

Significant improvement
(Fig. 2)

2. 53, M, Caucasian SCC left mandibular
alveolus

Radial forearm free flap Distressed by persistent
sensation of hairs.
Impossible to shave hair
with scissors

Significant improvement

3. 25, F, Asian Myxoma right mandible Fibula free flap Bothered by hair growth Poor visibility of the roots
of hairs as the access to
floor mouth restricted

4. 64, M, Caucasian SCC right mandibular
alveolus

Radial forearm free flap Difficulty eating and poor
oral hygiene

Partial response

5. 69, M, Asian SCC left mandible and
maxilla

Fibula and radial forearm
free flap

Difficulty eating and poor
oral hygiene

Not treated microstomia
secondary to submucous
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Fig. 2. Patient 1: Significant reduction of hair after laser treatment.

iscussion

variety of the flaps used to reconstruct defects after
urgery for malignancy contain hair follicles that may
esult in unwanted hair growth. Patients with excessive
air growth may present with irritation, pooling of saliva,
rapping of food, and postoperative dysphagia.2–4 Epila-
ion may be important to avoid a misdiagnosis of recurrent
isease.

Ectopic hair growth may be treated in several ways. This
ncludes long-term regular trimming of hairs under endo-
copic guidance.2,3 Electrolysis before flap transfer can be
ime-consuming, technically difficult to perform within the
osterior oropharyngeal folds and hypopharynx5 and is rarely
ppropriate. Electrolysis has been used with partial success
o manage an intraoral hairy rectus abdominis myocutaneous
ree-flap, however, ongoing treatment with an Nd:YAG laser
as necessary.5

Complete hair depilation has been reported with post-
6
perative radiotherapy but the result is unpredictable and

rolonged staged reconstructions may preclude the use of
ostoperative radiotherapy.7 Radiotherapy as a method of

C

N

fibrosis, extensive surgery
and radiotherapy

pilation alone is not justifiable for traumatic, benign con-
enital defects or malignant conditions when additional
ostoperative radiotherapy is unnecessary.

Laser hair depilation with Nd:YAG (40 J/cm2, 55-ms pulse
uration) was recently reported for the management of an
ntraoral radial free flap.5 Nd:YAG laser has the advantage
f being transmitted using a fiberoptic cable but appears to
e ineffective for long term hair removal.8,9 The Alexandrite
aser has offered promising initial results4,9 and is our pre-
erred choice. The procedure is performed using fibreoptic
nstrumentation as an outpatient procedure. In our experience
he laser is most effective when the hair pigment is darker
han the surrounding skin pigment. This explains the partial
esponse in one patient.

We did experience technical difficulties similar to those
escribed by other authors. The hand piece of the laser is
ulky and instrumentation of the oral cavity and oropharnyx
an be difficult. However, the only case we were unable to
reat successfully had extremely limited access because of a
umber of factors; oral submucous fibrosis, extensive surgery
equiring reconstruction with two free flaps and radical radio-
herapy.

Laser depilation of intraoral flaps with a long-pulsed
lexandrite laser is effective and beneficial. Treatment alle-
iates oral discomfort, improves the aesthetic appearance
nd oral hygiene. It may possibly also improve the func-
ion of the flap. Laser treatment is likely to be applicable
or the majority of situations when there is troublesome or
xcessive hair growth and access to the oral cavity is reason-
ble.
onflict of interest

one declared.
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eview

eview of the radial free flap: still evolving or facing
xtinction? Part two: osteocutaneous radial free flap
.M.E. Avery ∗

onsultant Maxillofacial Surgeon, University Hospitals of Leicester, Leicester, LE1 5WW, United Kingdom

ccepted 30 September 2009
vailable online 4 February 2010

bstract

he osteocutaneous radial flap is robust, reliable, and relatively simple to harvest, which will ensure that it remains one of the established
econstructive options in most maxillofacial units. Evidence based on clinical observational studies and biomechanical studies supports the
outine or selective use of prophylactic internal fixation to strengthen the radial osteocutaneous donor site. This allows safe harvesting of the
aximum volume of available bone, up to half of the circumference, with minimal risk of fracture or long term complications. The incidence

f fracture with the plate placed either anteriorly or posteriorly is equally low, but the anterior position is technically easier and probably less
ikely to cause additional morbidity. This approach probably produces the least morbidity that may currently be achieved when managing the
nherent flaws of the radial hard tissue donor site. The introduction of prophylactic internal fixation consolidates the role of the osteocutaneous
adial flap for repair of defects that require a relatively small volume of bone and an appreciable area of thin soft tissue, particularly when a
ong vascular pedicle is desirable. This includes low level defects of the maxilla, some defects of the mandible, and niche reconstructions,
uch as the orbital rim. It remains useful as a first choice of flap when there is appreciable peripheral vascular disease, when there are other

erious coexisting medical conditions; if it is the preferred choice of the patient for functional reasons such as mobility of the lower limb or
ip, and as a salvage flap when other reconstructive options have been exhausted.

2009 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

eywords: Radius; Free flap; Osteocutaneous; Plate; Prophylactic bone plating; Morbidity; Donor site
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ntroduction

t is now nearly 30 years since the radial free flap was first
escribed.1 This versatile flap2,3 soon replaced the bulky
edicled pectoralis major flap as the reconstruction of choice
or thin, soft tissue defects of the head and neck region,4

ncluding relining of the oral cavity and repair of composite
efects of the mandible and maxilla.5–7 However, the rel-
tively high incidence of fracture of the remaining radius,

nd the limited quantity of bone available, has meant that
he radial osteocutaneous flap has gradually been superseded
y other flaps. During this period the incidence of reported

∗ Tel.: +44 0116 258 6953; fax: +44 0116 258 5205.
E-mail address: chrisavery@doctors.org.uk.
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doi:10.1016/j.bjoms.2009.09.017
omplications at the soft and hard tissue donor sites of the
adial flap has remained appreciable, but techniques are now
vailable to ameliorate the shortcomings of both these donor
ites.8 This is an opportunity to consider whether the osteo-
utaneous radial flap still has a role in modern reconstructive
urgery.

adial osteocutaneous flap

he radial osteocutaneous flap initially became established

s the first reliable free flap for reconstruction of continu-
ty defects of the mandible.3,9–11 Although the volume of
vailable bone was limited it provided sufficient length to
econstruct most defects and was often a reasonable size

l Surgeons. Published by Elsevier Ltd. All rights reserved.

mailto:chrisavery@doctors.org.uk
dx.doi.org/10.1016/j.bjoms.2009.09.017
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ig. 1. A fracture of the 2 mm bone plate but the bone has united in the strut
f radial bone.

atch for the atrophic mandible commonly encountered in
lder patients with cancer. However, fracture of the radius or
he bone plate was not uncommon (Fig. 1). In the maxilla the
ap has been used to reconstruct limited low level defects
ith a considerable soft tissue component, particularly those

nvolving the soft palate.7,12,13

In many units the flap was being gradually replaced by the
liac,14–18 fibular,19–21 and scapular22–24 flaps for reconstruc-
ion of segmental defects of the mandible and more extensive
efects of the maxilla. This trend has been confirmed in a
ecent 10-year review of flap selection at a major centre in the
nited Kingdom.7 Two main factors have contributed to its
ecline, firstly the limited quantity and quality of bone avail-
ble, and secondly the morbidity at the donor site. The flap
s inadequate for repairing large volume or contour defects,
nd the lack of bicortical fixation often made it unsuitable
or the placement of dental implants,25,26 even with folding
ver of the radial bone. This is an important shortcoming
ven though relatively few patients undergo complex den-
al rehabilitation. In addition the soft tissue component often
acks the bulk necessity for more extensive defects even with
“sandwich” procedure12,27 or the harvest of additional sub-
utaneous tissue.28 Finally, the incidence of fracture at the
adial donor site has remained relatively high, often with con-

iderable morbidity, and has further diminished the appeal of
he osteocutaneous flap.

i
o
a

able 1
orbidity at the radial osteocutaneous donor site without prophylactic internal fixa

Richardson29

ype of study Prospective
onor sites (n) 35
ype of osteotomy Keelb

ean bone length (cm) 8.5
adial circumference (%) 30–50b

ype of cast (weeks) Above elbow (6)
ncidence of fracture 17 (6)
econdary operations –
urgery/conservative –
tatistically at higher risk Women

, unknown.
a 71 donor sites of which 3 with PIF excluded.
b Confirmed by the author.
xillofacial Surgery 48 (2010) 253–260

orbidity at the radial osteocutaneous donor site

he radial osteocutaneous flap is commonly harvested by
he conventional subfascial dissection technique.3,29,30 It may
lso be raised using an incomplete suprafascial dissection on
he ulna aspect to minimise the risk of exposure of tendons,
ut the deep fascia must be incised to expose the radius once
he lateral border of the flexor carpi radialis tendon has been
eached.8 Although the long term morbidity at the subfascial
adial donor site is often relatively minor,29,31 and of sec-
ndary importance to most patients with cancer, prolonged
ound healing is an undesirable inconvenience and may lead

o serious loss of function and a poor aesthetic result.29 The
ain cause of morbidity at the osteocutaneous radial donor

ite is fracture of the radius after osteotomy, particularly when
t is associated with displacement and poor healing.11,29 The

anagement of a displaced fracture may include open reduc-
ion and bone grafting.32,33 The incidence of fracture of the
adius in early reports varied from 28% to 43%,3,9,34,35 and
n subsequent larger series was 23%11 and 31%.36 Although
he incidence of fracture has since declined, probably as a
esult of refinements in the osteotomy technique, this poten-
ial complication remains a major disincentive to using the
ap. In a large review article the overall rate of fracture was
5% (28 out of 144 donor sites)37 and in the latest reports the
ncidence of fracture was just below 20% at 17%,29 15%,33

nd 19%,38 respectively (Table 1). These are probably the
owest rates of fracture that may be achieved when using
onventional surgical techniques.

educing morbidity at the osteocutaneous donor site

educing the weakening effect of an osteotomy

ven a small osteotomy results in the loss of cortical
ty of the remaining bone. Seventy-five percent or more
f the strength of both a human radius in bending,42 and
sheep tibia in torsion,39 was lost by removing up to half

tion (PIF). Data are number (%) unless otherwise stated.

Thoma33 Clark38

Retrospective Retrospective
60 68a

Keel Keel and squared
9 7.7
30–50 30–50b

Below elbow (–) Above elbow (8)
15 (9) 19 (13)
10 (6) 9 (6)
67 (6/9) 46 (6/13)
None Women
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The significant strengthening effect of PIF, in both torsion
and bending, on a bone after osteotomy has been shown in
biomechanical studies. An osteotomised human radius sup-
ported with a 3.5 mm steel DCP in the posterior position is 4
Fig. 2. Site of the radial osteotomy defect (arrow). N

f the circumference of the bone. Bevelling the proximal
nd distal osteotomy cuts has a minimal strengthening effect
5%), but variations in the width, depth, or length of the
steotomy have relatively little impact on the overall strength
f the remaining radius.39 Nevertheless, it is an accepted prac-
ice to bevel or curve the osteotomy cuts to improve access
nd reduce the risk of overcutting. Initially it was recom-
ended that half the radial circumference was removed,2

ut this was then restricted to one-third of the diameter,42 or
0% of the cross-sectional area,39 and as much as 40% of
he circumference.3,43 However, it is often difficult to assess
ccurately the relative sizes of the radius and the osteotomy
efect. To reduce the risk of removing too much bone, the
steotomy may be planned on the basis that 40% of the radial
ircumference approximates to the minimum width of the
adius on an anteroposterior radiograph.43 The curved pos-
erior border of the radius may also be identified at the time
f operation using a screw hole depth gauge or a Mitchell’s
rimmer.44 The radius is often narrowest at the mid-point of
he osteotomy and failure to appreciate this may be a common
ause of fracture (Fig. 2).38

rotecting the radius after osteotomy

xternal support with a cast or preformed splint has an impor-
ant but limited and undefined role in protection of the radius
fter osteotomy.38,45,46 A survey of orthopaedic surgeons
ithin the United Kingdom recommended 6 weeks of immo-
ilisation in an above elbow cast.46 However, the fracture rate
ith either 6 or 8 weeks of immobilisation in an above elbow

ast is still as high as 19% (Table 1).38

trengthening the radius after osteotomy

fter osteotomy, the radius may be strengthened with an

ntramedullary nail,47 but this is ineffective in reducing
otational forces if incorrectly applied.48 This approach is
robably not widely used as most reconstructive surgeons are
ot trained in the technique. A more familiar method that may

F
b
p

ximity of the curved posterior border of the radius.

e readily applied by a maxillofacial surgeon is prophylac-
ic internal fixation (PIF) with a bone plate. The introduction
f PIF is the most important recent development in surgi-
al techniques. In our original report a 3.5 mm steel dynamic
ompression plate (DCP) was placed on the anterior surface
f the radius, using a conventional anterior approach, and over
he donor site defect (Fig. 3).49 The plate is non-compressive
nd acts as a bridging reinforcement. It requires a minimum
f two bicortical screws at each end (Figs. 4 and 5). The use
f a PIF bone plate has since been described in further stud-
es in both an anterior position44 and a posterior position, by
etracting the extensor tendons and placing the plate on the
ntact cortex opposite the donor site defect.50

he strengthening effect of the anterior or posterior
osition with prophylactic internal fixation (PIF):
iomechanical studies
ig. 3. Donor site on the anteromedial surface of the radius. Avoid excessive
one removal within the osteotomy defect by measuring the distance to the
osterior border with a screw depth gauge or Mitchell’s trimmer (arrow).
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Fig. 4. Titanium plate in the anterior position fixed with a minimum of 2
bicortical screws at each end.
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ig. 5. A steel dynamic compression plate with bicortical screw fixation
upported by a full below elbow splint.

imes stronger in torsion than an unreinforced bone, and plat-
ng restored a mean of 63% of the strength of an intact bone.

n bending the mean strength with reinforcement was 2.7
imes greater, and 73% of the strength of an intact bone was
estored.37 The strengthening effect of different types of plate
n either the anterior or posterior positions has been studied

r

a
o

able 2
einforcement of the radius and tibia after osteotomy.

Bowers37

ype of bone Fresh frozen hum
o of pairs 20
ength of osteotomy (cm) 8
mount of bone removed 50% cross-sectio
ype of plate and position DCP posterior

ercentage of retained strength of cut bone: intact bone (100%)
Torsion 18
4-Point bending 24

ercentage of retained strength cut + DCP posteriorly: intact bone (100%)
Torsion 63
4-Point bending 73

ercentage of retained strength cut + DCP anteriorly: intact bone (100%)
Torsion –
4-Point bending –

CP, dynamic compression plate.
xillofacial Surgery 48 (2010) 253–260

n sheep tibias. The mean torsional strength of a reinforced
steotomised bone was 1.6 times greater than that of an unre-
nforced bone. A 3.5 mm DCP wholly restored the torsional
trength of the osteotomised bone to that of an intact bone
n either the anterior (97%) or posterior (101%) positions.
he mean bending strengths were 2.8 times greater than that
f an unreinforced bone. A 3.5 mm DCP partially restored
he bending strength of the osteotomised bone in both the
nterior (46%) and posterior (80%) positions (Table 2).51

he strengthening effect of an anteriorly or posteriorly
ositioned bone plate with prophylactic internal fixation
PIF): clinical studies

he posterior50,52 and anterior44,53,54 positions of the plate
ave both been successfully used in a number of large ret-
ospective clinical series with an overall fracture rate of
.6% (7 out of 268 donor sites) (Table 3). The erroneous
nsertion of monocortical screws in the initial part of one
eries caused most of these fractures, and no further frac-
ures occurred once only bicortical fixation was applied.50

hen PIF is in place the amount of bone that may safely
e harvested may be increased to as much as half of the
adial circumference (Militsakh ON, personal communica-
ion, 2005).44,50 The forearm may initially be placed in an
bove elbow cast and then transferred to a below elbow cast,
r it may be immediately placed in a full below elbow cast
or a period as short as only 1 week.50,53 However, as the
one remodels over many weeks,55–57 and the ideal duration
f external support is unknown, it may be more appropriate
o continue to use a conventional 6-week period of protected

obilisation until there is evidence to support a curtailed

egimen.

The posterior position has been advocated for the plate
s a strong reinforcement that cannot interfere with healing
f the skin graft used to repair the radial defect. Although

Avery44

an radii Preserved sheep tibias
50
6

n 40% circumference
DCP posterior and anterior

69
35

101
80

97
46
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Table 3
Prophylactic internal fixation (PIF) of the radial osteocutaneous donor site.

Author

Werle50 Villaret53 Militsakh52 Kim54 Avery44

Type of osteotomy Bevel Bevel Bevel Keel Mostly bevel
Mean (range) bone length (cm) 7.6 (5.5–12) – 6.6 (3–12) 6.3 (3–11) 7 (4–9.5)
Radial circumference (%) 50 40 50 – 33–50
Donor sites with PIF 52 34 108 52 22
Site of plate fixation Posterior Anterior Posterior Anterior Anterior
Type of fixation plate Steel DCP, LC-DCP,

reconstruction
Steel DCP Steel DCP Steel DCP Steel DCP, titanium,

reconstruction
No (%) of fractures 9.6 (5)a 0 0 1.9 (1) 4.5 (1)
No (%) of secondary operations 0 0 0 1.9 (1) 0
No of plates removed 0 1 1 0 0
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, data not available; DCP, dynamic compression plate; LC, Limited contac
a No of fractures after the use of monocortical screws discontinued.

t is more effective than an anterior plate in withstanding
ending forces, this is probably not important in clinical prac-
ice as the osteotomised radius can already resist substantial
ending forces and fracture is likely to occur with a lower
orsional force.39,42,51 The posterior position seems to afford
o advantage in terms of wound healing, as the incidence of
oss of skin graft reported with this approach was relatively
igh, at 43%50 and 30%.54 Loss of the skin graft has not
een a problem with an anterior plate if the musculature is
ewn over the plate, and a negative pressure wound dress-
ng applied.8 The surgical approach for a posterior plate is
ore demanding, as additional retraction or stripping of the

xtensor tendons is required. Care must be taken to avoid the
osterior interosseous nerve; the soft tissue coverage is rela-
ively thin and the plate is more likely to irritate or rupture the
endons because it is on a convex surface, although this com-
lication has become less common since the introduction of
ontoured and locking low profile plates.58–60 The anterior
osition is simple and effective; however, I know of no direct
omparison between the two surgical approaches.

he reduced incidence of secondary surgery with
rophylactic internal fixation (PIF)

he need for a secondary operation because of fracture is
uch lower when PIF has been applied, because few fractures

ccur or become displaced. The current overall incidence of
econdary repair with PIF in place is 0.4% (1 of 268 donor
ites) and this is only 1 of 7 donor sites that fractured (Table 3).
his contrasts with much higher rates of secondary surgery
hen PIF is not in place. In recent reports the overall rates of

econdary surgical repair were 9% (6 out of 68 donor sites)38

nd 10% (6 out of 60 donor sites)33 with these being 6 of 1338

nd 6 of 9,33 respectively, of the donor sites that fractured
Table 1). Although a good outcome after fracture repair has

een claimed, no objective evidence has been offered.33 The
unctional loss that occurs with PIF in place should be less-
ned, as fractures are usually undisplaced and the additional
orbidity of a secondary procedure is rarely incurred.

g
a
a
d

otential complications and selection of the plate with
rophylactic internal fixation (PIF)

n the long term, a sufficiently large plate may cause a
tress protection effect that leads to localised osteopenia
nd late fracture. The mechanisms may include mechanical
nloading55,57,61,62 and reduced perfusion of the cortex.63–65

owever, these concerns about PIF have proved to be
nfounded. The late remodelling of bone with some reconsti-
ution of the radial defect has been seen,44,50,59 and over the
ast decade less than 1% (2 of 268) of the plates inserted for
IF have been removed for complications (Table 3). Devel-
pments in the design of plates have included limited contact
lates to reduce the risk of osteopenia caused by a compro-
ised periosteal vascular supply,64 although this has been

isputed.62

Titanium plates may have less of a stress shielding effect
ecause the elastic modulus and structural stiffness of the
late is lower.51,59 There is a trend towards the use of lower
rofile 2 and 2.4 mm locking reconstruction plates because
hey are less rigid and less likely to cause stress protection.
he plates seem to be equally effective in clinical practice,
re more readily adapted, less palpable, and the incidence
f hardware-related problems may be lower.52 Low profile
ontoured locking plates designed to fit the distal radius have
ecome increasingly popular for managing displaced frac-
ures caused by trauma, and these plating systems achieve
reater fixation in osteoporotic bone.60,66 To minimise the
isk of damage to the flexor tendons or penetration of the
oint space of the wrist, plates should not be prominently
ositioned or placed distal to the “watershed line” of the
ransverse ridge of the distal radius.60,66 In a recent series, of
nly two patients, a limited contact fixed angle steel unilock-
ng plate was used for PIF of the radial donor site.67 The
bility to engage only one cortical surface may be advanta-

eous and the contoured steel or titanium plate is easier to
dapt. This technique may become the method of choice but
t present there is insufficient experience with plates of this
esign (Fig. 6).
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drape of the skin component (Fig. 7) and reconstruction of
the mandible as described earlier. The flap also has a number
of niche roles such as reconstruction of the orbital rim75 and
nasal defects.76,77 It remains useful as a first choice of flap:
Fig. 6. A contoured radial plate with unicortical fixation.

he indications for prophylactic internal fixation (PIF)

t has been suggested that PIF may be most appropriate for the
lder woman whose radius is smaller and more likely to be
steopenic.38,68 A significantly higher rate of fracture among
omen has been reported in two of the larger studies, 29,38 but
ot all,33 and no relation has been shown with age. Fractures
ay also occur in men, and occasionally in younger people as
ell. At present there is no evidence that adults do not benefit

rom the routine use of PIF, but it is possible that the selection
riteria may evolve with greater experience. However, it is
nlikely that a randomised comparative study will be possible
ecause of the limited numbers of patients who may be treated
n one department, and the inherent problems with a larger

ulticentre study.

he cost-effectiveness of prophylactic internal fixation
PIF)

he cost-effectiveness of PIF has been challenged on the basis
hat the incidence of fracture has declined and the expense of
reatment after fracture is relatively low compared with the
ost of PIF.68 However, these findings have been refuted on
number of points. The discrepancy in the estimated direct

osts in this Canadian study seems disproportionately large
hen it is considered that placing an anterior plate requires
nly a little additional time together with the cost of the hard-
are. The incidence of complications that directly result from
IF also seems to have been overestimated, and the method
as been criticised as the analytical decision model used was
ased on a young group of injured patients. Finally, the addi-
ional indirect costs and associated morbidity are likely to be
onsiderably higher with older patients after resections for
ancer who require complex secondary procedures to repair
isplaced fractures.59 There are minimal additional associ-
ted costs caused by the need to remove plates placed for
IF, as this is rarely necessary. The elective removal of an
symptomatic plate is discouraged as it may be associated

ith a small risk of nerve damage and, based on studies of

epair of fractures of the radius, a small potential risk of late
racture.69–71
xillofacial Surgery 48 (2010) 253–260

he current role of the radial osteocutaneous flap

ven without the use of PIF the radial osteocutaneous flap
as remained the flap of choice for reconstruction of the
andible for some surgeons.33,72 However, the mainstream

pinion is that alternative flaps such as those from the fibula,
leum, and to a lesser extent the scapula, have relegated it
o a secondary role.7,73 Nevertheless, the pattern of practice
ithin the United Kingdom has not been audited. Following

he introduction of the PIF technique there has been renewed
nterest in defining the current indications for the osteocu-
aneous radial flap.50,52,54,59,74 The flap has been advocated
hen bicortical fixation is not required and no implant or
ental prosthesis is planned. It has a role when only a rel-
tively small volume of bone is required for specific areas
uch as the anterior maxilla, the ascending ramus, angle, and
osterior non-tooth-bearing regions of the mandible, and par-
icularly when a soft tissue lining component is required.53,73

here are, of course, other reconstructive options available
or all of these sites but, depending on body habitus, these
re sometimes too bulky. It has been claimed that the radial
ap is more cost-effective than other composite flaps, and in
elected circumstances it may be more appropriate because
f the high success rate of the flap combined with a relatively
ow incidence of serious systemic morbidity related to the
onor site.52

In a large oncology practice it is important to have a wide
ange of reconstructive options available to manage various
efects in patients with differing degrees of comorbidity and
iffering functional needs, all of which will be affected by
orbidity at the donor site. The introduction of PIF will con-

olidate the role of the osteocutaneous radial flap for repair
f defects that require a relatively small volume of bone and
n appreciable area of thin soft tissue, particularly when a
ong vascular pedicle is desirable to avoid a vein graft. This
ncludes low level, class 1 and 2 defects,12 of the maxilla
hen the strut of bone provides additional support to the
Fig. 7. Reconstruction of a low level anterior defect of the maxilla.
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hen there is appreciable peripheral vascular disease as the
adial artery is usually relatively unaffected,78,79 and when
here is other serious comorbidity; if it is the preferred choice
f the patient for functional reasons such as lower limb or
ip mobility, and as a salvage flap when other reconstructive
ptions have been exhausted.44
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bstract

he radial osteocutaneous flap retains a limited role in reconstructive maxillofacial surgery The application of prophylactic internal fixation,
sing straight 3.5 mm plates, has become established to substantially reduce the incidence of fracture at the radial donor site. New lower
rofile T-shaped 2.4 mm plates and anatomically contoured 3.5 mm plates are now available, both with unilocking screw fixation systems.

hese plates are easy to apply and allow the removal of up to 50% of the circumference of the radial bone, including the maximum amount
f good quality bone from the distal radius. Although there have been no reports of complications as a result of a stress shielding effect with
arger plates these refinements in plate design should lessen any remaining concerns.

2010 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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adial osteocutaneous free flaps still have a limited role
n reconstructive surgery of the maxillofacial region.1 The

ain morbidity results from fracture and displacement of
he osteotomised radius.2 In a review article the overall
ate of fracture was 25% (28 of 114 donor sites),3 and
n the most recent large operative series reported the inci-
ence of fracture has remained relatively high, at 19% (13
f 68 donor sites).4 However, the osteotomised radius, or
ts equivalent, has been substantially strengthened in biome-
hanical studies by prophylactic internal fixation (PIF) with

bone plate placed either over the defect (anteriorly) or

n the intact opposite cortical surface (posteriorly).3,5 Both
ositions have been used in several clinical studies with
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n overall fracture rate of 2.6% (7 of 268 donor sites).
he incidence of secondary intervention is also much lower
ecause few fractures become displaced. Despite initial
oncerns about the potential for stress shielding and late
racture, less than 1% (2 of 268) of the plates reportedly
nserted for PIF over the last decade have been removed for
omplications.1

In the original description of the technique, a 3.5 mm steel
ynamic compression plate (DCP) was placed anteriorly.6

owever, the plate is quite bulky and requires careful adap-
ation. Developments in the design of plates have included
he introduction of low profile and limited contact plates
LCP), and unilocking systems that provide strong, stable fix-
tion with minimal disruption of the periosteal blood supply.
ecently right-sided and left-sided anatomically contoured

nilocking plates have become increasingly popular for man-
ging displaced fractures of the distal radius. These plating
ystems provide strong reinforcement and achieve greater
xation within osteoporotic bone.7,8

l Surgeons. Published by Elsevier Ltd. All rights reserved.
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In a recent case report a straight 3.5 mm steel LCP with
unilocking system was used on two occasions for PIF at

adial donor sites.9 We have experience, with 6 procedures, of
sing T-shaped limited contact low profile titanium plates for
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Fig. 2. Unicortical fixation screws are inserted proximally
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IF of the donor site following reconstruction of the orbital
im and partial maxillectomy defects. The SYNTHES LCP
istal Radius 2.4 mm plate has an extended proximal length
f 8–12 holes and although not anatomically contoured is
eadily adapted. The distal end of the plate is angulated and
-shaped, which facilitates the safe removal of the maximum
mount of good quality bone because the space required for
he two distal screws inserted with a straight plate may be par-
ially included in the osteotomy site. The SYNTHES LCP
ia-Meta Volar Distal Radial system is a stronger, longer
late and the 3.5 mm proximal shaft is also anatomically
ontoured for the right or left radius, so it requires minimal
daptation. This is combined with the fixed angle 2.4 mm T-
haped distal end and is suitable for relatively long defects
Figs. 1–3). Locking technology has imparted greater angular
tability to the fixation, and iatrogenic fracture is less likely

uring insertion of a screw as only one cortex is engaged. To
void damaging the flexor tendons the plates have rounded
dges and the screws are a flush fit. The plate should not be
oo prominent, or placed beyond the transverse ridge of the

and distally but not within the donor site defect.
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istal radius; the latter also increases the risk of penetrating
he wrist joint.7,8
The use of PIF has become more widely accepted as a safe
nd reliable method of harvesting up to 50% of the radial
ircumference.1 This technique should ensure that the radial
steocutaneous flap retains a niche role, and it may even
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ecome popular again.10 The use of low profile, T-shaped
nd contoured steel or titanium LCP unilocking plate sys-
ems may become the method of choice for PIF, but a larger
linical experience is desirable.
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Prophylactic internal fixation (PIF), with a bone plate in either the anterior (over the section defect) or
posterior (on intact cortex) position, has substantially reduced the incidence of fracture at the donor site
of the radial osteocutaneous free flap. This study uses the sheep tibia model to compare the effectiveness
of new T-shaped titanium plates utilising a unilocking screw system with a 3.5 mm steel plate and bicor-
tical screw fixation system commonly applied for PIF.

Forty matched pairs of adult sheep tibias were tested in torsion and 4-point bending. An osteotomised
bone was significantly weaker (p < 0.001) than an intact bone in both bending and torsion with a mean
loss of 77% and 64% of strength respectively. The tibia withstood much greater bending loads. All of the
constructs significantly strengthened an osteotomised bone by a factor of 1.73–2.43 times in bending and
1.54–2.63 in torsion. The 2.4 mm T-plate in an anterior position (section) was the baseline against which
other plates in differing positions were compared. The 3.5 mm T-plate section, DCP section and DCP
cortex constructs had 41%, 30% and 2% greater mean bending strengths respectively but only the
3.5 mm T-plate section result approached statistical significance (p = 0.06). In torsion the DCP section,
3.5 mm T-plate section and DCP cortex constructs had 56% (p = 0.01), 27% (p = 0.06) and 25% greater
mean strengths respectively.

When compared to an intact bone the mean bending strength restored by the DCP section (84%) and
3.5 mm T-plate section (87%) constructs was greatest and effectively restored the strength to that of
an intact bone (100%). In torsion the mean strength restored by the DCP section (62%), DCP cortex
(44%), 3.5 mm T-plate section (40%) and 2.4 mm T-plate (36%) remained significantly less than an intact
bone.

All of the plate constructs significantly strengthened an osteotomised bone but overall the 3.5 mm
T-plate section and DCP section were the strongest constructs and most suitable for PIF. The lighter
2.4 mm T-shaped titanium plate was least effective. The strongest reinforcement in bending and torsion
was the 3.5 mm T-plate section and DCP section respectively. The 3.5 mm DCP section plate was signif-
icantly stronger (p = 0.01) than the 3.5 mm T-plate in torsion and remains the most effective construct for
resisting torsional stresses, which are probably the commonest cause of fracture in clinical practice.

� 2011 Elsevier Ltd. All rights reserved.
Introduction

Although, the radial osteocutaneous free flap retains a selective
role in reconstructive surgery of the maxillofacial region1,2 the
morbidity associated with fracture of the osteotomised radius,3

combined with the restricted volume of bone available has reduced
the popularity of the flap. In a review article the overall rate of frac-
ture was 25% (28/114 donor sites)4 and in two relatively recent
large series the incidence was 15%5 and 18%,6 with secondary
ll rights reserved.

als of Leicester, Leicester, LE1
+44 01162585205.
Avery).
surgery required for 67% and 46% of fractures, respectively. The
majority of the strength of both the human radius7 and a sheep ti-
bia model8,9 is lost by removing up to 50% of the circumference.
Bevelling the osteotomy end cut or varying the dimensions of the
osteotomy have a minimal strengthening effect8 as the dramatic
weakening results from the greatly reduced energy-absorbing
capacity10,11 associated with the loss of cortical integrity.8,12

The technique of prophylactic internal fixation (PIF) of the
radial osteocutaneous donor site was first described by the author
in 1999.13 The significant strengthening effect of a plate in the
anterior (over section defect) or posterior (on opposite intact
cortex) position has subsequently been reported in larger clinical
series,1,14–17 and verified in biomechanical studies4,9 (Table 1). A

http://dx.doi.org/10.1016/j.oraloncology.2011.02.004
mailto:chrisavery@doctors.org.uk
http://dx.doi.org/10.1016/j.oraloncology.2011.02.004
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Table 1
Clinical studies of the morbidity at the radial ostecutaneous donor site associated with prophylactic internal fixation.

Author Werle 2000 Villaret 2003 Militsakh 2005 Kim 2005 Avery 2007

Type of study Retrospective Retrospective Retrospective Retrospective Retrospective
Type of osteotomy Bevel Bevel Bevel Keel Mostly Bevel
Mean bone length (cms) 7.6 (5.5–12) – 6.6 (3–12) 6.3 (3–11) 7 (4–9.5)
Radial circumference (%) 50 40 50 – 33–50
Donor sites with PIF 52 34 108 52 22
Site of plate fixation Posterior Anterior Posterior Anterior Anterior
Type of fixation plate Steel DCP, LC-DCP, reconstruction Steel DCP Steel DCP Steel DCP Steel DCP, titanium, reconstruction
Incidence of fracture% (n) 9.6 (5)* 0 (0) 0 (0) 1.9 (1) 4.5 (1)
Secondary surgery% (n) 0 (0) 0 (0) 0 (0) 1.9 (1) 0 (0)
Number plates removed 0 1 1 0 0

–Data not available.
* No fractures after the use of monocortical screws discontinued.

Table 2
Tests used to compare the strength of matched pairs of bones with different plates and position.

Group Pairs Type of bone/plate/position Type of bone/plate/position Test

1 5 Intact Osteotomy Torsion
5 Intact Osteotomy Bending

2 5 Osteotomy/2.4 mm T/Section Osteotomy/DCP/Cortex Torsion
5 Osteotomy/2.4 mm T/Section Osteotomy/DCP/Cortex Bending

3 5 Osteotomy/2.4 mm T/Section Osteotomy/DCP/Section Torsion
5 Osteotomy/2.4 mm T/Section Osteotomy/DCP/Section Bending

4 5 Osteotomy/2.4 mm T/Section Osteotomy/3.5 mm T/Section Torsion
5 Osteotomy/2.4 mm T/Section Osteotomy/3.5 mm T/Section Bending

In each matched pair one bone was compared with the other. For example in Group 2 one osteotomised bone was reinforced with a 2.4 mm T-plate over the section defect
(anterior position), and the corresponding osteotomised bone was reinforced with a 3.5 mm DCP plate on the intact opposite cortex (posterior position).

• Conventional 3.5 mm steel plate over defect (anterior position) with 2 

bicortical screws at each end in a non-compressive position. This is the 

minimum number of screws required for stability.  
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straight 3.5 mm steel dynamic compression plate (DCP) has most
commonly been used but is bulky and requires careful adaptation.
Low profile light-weight titanium plates with unilocking screw
systems have since been introduced for fractures of the radius.18,19

This study uses the sheep tibia model to compare the strengthen-
ing effect of T-shaped titanium unilocking plates with a conven-
tional 3.5 mm DCP plate secured with bicortical screw fixation.
• Conventional 3.5 mm steel plate on intact cortex (posterior position) with 

4 bicortical screws.  

Figure 1 Conventional 3.5 mm steel plate over defect (anterior position) with two
bicortical screws at each end in a non-compressive position. This is the minimum
number of screws required for stability. Conventional 3.5 mm steel plate on intact
cortex (posterior position) with four bicortical screws.
Methods

Bone pairs and plates

Forty matched pairs of intact freshly frozen adult sheep tibias of
a similar size and age were tested. Four groups of matched pairs
representing the common permutations of plate and position were
tested. The forces at failure during torsion or bending were re-
corded, and a photographic record taken.

Group 1 compared 10 pairs of intact and osteotomised bones to
establish the variation in strength of the bones, measure the weak-
ening effect of an osteotomy and establish a baseline for assessing
the percentage of strength restored by reinforcement. Groups 2, 3
and 4 compared pairs of osteotomised bones reinforced with dif-
ferent plates (Table 2). The anterior and posterior positions were
simulated by putting the plate over the section defect or on the in-
tact cortex opposite the section defect. The following plates were
tested: an 8-hole steel 3.5 mm DCP plate (SYNTHES, UK) (Fig. 1)
and two T-shaped titanium plates (SYNTHES, UK); the 2.4 mm
LCP distal radius plate and the 3.5 mm LCP Dia-Meta volar distal
radius plate (Fig. 2).

Preparation of bone and section defect

The bones were stripped of soft tissue and stored in moist
sealed packages at �28 �C. A defect 40 mm long and 40% of the cir-
cumference was created in the flat midsection of the shaft. The
right-angled osteotomy at each end was drilled out to eliminated
a potential point of stress concentration (Fig. 3). The constructs
were mounted in an aluminium mould to create the cement end-
ings (Dental Repair Cement, M R Dental Supplies, UK) required
for insertion in the testing apparatus. If the diaphysis was too
bulky it was cut down to size.
Torsion testing

A torsion apparatus (Crofts Engineering Ltd, UK) with a force
transducer gave a direct reading of one millivolt (mv), equivalent



• T-shaped titanium plate over defect (anterior position) with two 

unicortical screws either side of the section defect and within the T-

shaped end.  

• Overview of T-shaped titanium plate over the defect and in the anterior 

position.  

Figure 2 T-shaped titanium plate over defect (anterior position) with two
unicortical screws either side of the section defect and within the T-shaped end.
Overview of T-shaped titanium plate over the defect and in the anterior position.

Standardised section defect. 

Figure 3 Standardised section defect.
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to one Newton (N), and the force in Newton metres (Nm) was cal-
culated every 1–2 s. Rotation of the apparatus at one degree/s in-
duced a uniform torque over the length of the bone.

Four-point bending test

An MTS Star Load Frame apparatus (MTS, Minnoesota, USA) was
modified with two attachments to align and secure the non-uni-
form bone specimens with the section defect on the superior as-
pect. Saddle-shaped nylon blocks were placed over the two
superior steel points to avoid crushing the bone. A four point com-
pressive bending force was applied inferiorly with a rate of dis-
placement of 10 mm/minute and the load measured in Newtons
by the MTS star software programme.
Table 3
Strength of an osteotomised bone with a 2.4 mm T-plate over the section defect (100%) c

How much stronger than an osteo
with a 2.4 mm T-plate over section

Nos of pairs Mean ratio �100*

Torsion groups
1) DCP section 5 156
2) DCP cortex 5 125
3) 3.5 mm T-plate section 5 127

Bending groups
1) DCP section 5 130
2) DCP cortex 5 102
3) 3.5 mm T-plate section 5 128
3) 3.5 mm T-plate section 4** 141

DCP = Dynamic compression plate.
* For example, a DCP plate over the section of an osteotomised bone has a mean streng
** Excluding anomalous low strength result.
Statistical analysis

Raw data and summary results were tabulated, using means,
standard errors (SE), and percentages. Approximate 95% confidence
intervals (CI) were calculated for mean strength of an osteotomised
bone as a ratio (�100) of the strength of an intact bone. Confidence
intervals (CI) were calculated for mean strength of the various con-
structs as a ratio (�100) of the strength of an osteotomised bone
reinforced with a 2.4 mm T-plate over the section defect and evi-
dence that a particular construct was stronger was tested using
the one-sample t test. Parametric methods were used to test for in-
creased strength relative to an osteotomised non-reinforced bone
(Student’s 2 sample t test). Evidence of differences between the
strengths of constructs was sought using the ANOVA and Krus-
kal–Wallis tests.
Results

The statistical analysis is presented in Tables 3 and 4. The re-
sults in Table 3 are expressed as a ratio 100� (intact bone/osteot-
omised bone 2.4 mm T-plate section) to obtain a percentage value
for the pair, with the baseline value for an osteotomised bone with
a 2.4 mm T-plate being 100. The wide confidence intervals with
some results reflect the small number of pairs, and the variability
in the increased strength ratios of individual pairs. The one sample
t test examines whether the mean ratio is significantly different
from 100, where 100 implies the strength is the same as an osteot-
omised bone reinforced with a 2.4 mm T-plate over the section de-
fect. In Table 4 the two sample t test compares the mean strength
restored of the construct with the mean for an intact bone (100%)
and also illustrates the percentage increase in strength when com-
pared with an osteotomised bone (100%).

Torsion testing

Spiral or oblique fractures occurred at the angle of the osteot-
omy, the section defect, between screw holes, or within the shaft
of an intact bone. The mean strengths of the DCP section, 3.5 mm
T-plate, and DCP cortex constructs were 56% (p = 0.01), 27%
(p = 0.06) and 25% (p = 0.20) greater than the mean strength of
the 2.4 mm T-plate (Table 3). The DCP section was 40% stronger
than the DCP cortex construct (two sample t-test p = 0.03, Mann–
Whitney U-test p = 0.08) and 53% stronger than the 3.5 mm T-plate
section (two sample t-test p = 0.01, Mann–Whitney U-test
p = 0.01).

The mean strength of the intact bone was 327% (p < 0.001)
greater than an osteotomised bone, a loss of 77% of the intact
ompared with reinforcement using other plates and positions.

tomised bone
defect (100%)

Evidence stronger
(One-sample t test p value)

SE 95% CI for mean

12 122–190 0.01
16 80–170 0.20
11 98–156 0.06

21 71–188 0.23
5 89–116 0.65
17 80–176 0.18
14 96–187 0.06

th of 130% of a 2.4 mm T-plate over the section defect i.e. it is 30% stronger.



Table 4
Percentage of strength restored to an osteotomised bone reinforced with a variety of plates in different positions compared to an intact bone (100%) and how much greater this
strength is than an osteotomised bone (100%).

Nos of
Bones

Mean
moment
(Nm)

SE 95% CI
for Mean

% Strength restored
by plate compared to
intact bone (100%)*

Evidence stronger
2-sample t test
(p value)

% Strength increased
by plate compared to
osteotomised bone (100%)

Evidence stronger
2-sample t test
(p value)

Torsion groups
1) Intact 10 33.4 3.6 25–42 100 – 427 <0.001
2) Osteotomised 5 7.83 0.6 6.2–9.5 23 <0.001 100 –
3) DCP section 5 20.6 1.7 16–25 62 0.007 263 0.001
4) DCP cortex 5 14.7 1.3 11–18 44 <0.001 188 0.004
5) 2.4 mm T-plate section 15 12.0 0.5 11–13 36 <0.001 154 <0.001
6) 3.5 mm T-plate section 5 13.4 1.2 10–17 40 <0.001 171 0.007

Bending groups
1) Intact 10 116 4.6 106–127 100 – 279 <0.001
2) Osteotomised 5 41.7 5.6 26–57 36 <0.001 100 –
3) DCP section 5* 97.4 16 52–142 84 0.32 234 0.02
4) DCP cortex 5 72.0 3.1 63–81 62 <0.001 173 0.003
5) 2.4 mm T-plate section 15 73.1 2.3 68–78 63 <0.001 175 0.003
6) 3.5 mm T-plate section 5 92.2 11 63–122 79 0.09 221 0.006
6) 3.5 mm T-plate section 4** 101 6.9 80–123 87 0.12 243 <0.001

DCP = Dynamic compression plate.
* For example, a DCP plate over the section of an osteotomised bone restored a mean of 84% of the strength of an intact bone and there was no significant difference (p = 0.32)
in strength between this construct and an intact bone. The mean strength of the re-inforced bone was significantly increased by 234% or 2.34 times (p = 0.02) that of an
unsupported osteotomised bone.
** Excluding anomalous low strength result.

C.M.E. Avery et al. / Oral Oncology 47 (2011) 268–273 271
strength. The range of values was large (95% CI: 223–431) indicat-
ing considerable variability in bone strength. The osteotomised
bone was strengthened by a factor of 1.54–2.63 but all constructs
remained significantly weaker than an intact bone (100%); DCP
section (62%), DCP cortex (44%), 3.5 mm T-plate section (40%)
and 2.4 mm T-plate section (36%) (Table 4).

Four-point bending testing

Intact bones failed with a transverse fracture across the shaft.
Osteotomised bones failed with a transverse fracture at the angle
of the osteotomy or within the section defect. Bones with rein-
forcement failed at the screw holes or angle of the osteotomy.
One 3.5 mm T-plate construct failed in an anomalous manner
and this test failure has been excluded from the analysis but is in-
cluded in the tabulated results.

The 3.5 mm T-plate section, DCP section and DCP cortex con-
structs had a mean strength 41% (p = 0.06), 30% (p = 0.23) and 2%
(p = 0.65) greater respectively than the 2.4 mm T-plate. The differ-
ence in mean strengths between the four constructs was signifi-
cant (ANOVA p = 0.007, Kruskal–Wallis p = 0.04).

The mean strength of the intact bone was 179% (P < 0.001)
greater than an osteotomised bone, a loss of 64% of the strength
of an intact bone (95% CI: 140–218). The constructs strengthened
an osteotomised bone by a factor of 1.73–2.43. The mean strength
restored by the DCP section (84%) and 3.5 mm T-plate section
(87%) constructs was greatest and did not differ significantly from
an intact bone (100%).

Discussion

The introduction of the technique of PIF has been the most sig-
nificant development to reduce the incidence of fracture at the ra-
dial osteocutaneous donor site. A 3.5 mm steel dynamic
compression plate (DCP) has most commonly been used in either
the anterior (over the donor site defect) or the posterior (on intact
opposite cortex) positions with an overall fracture rate of 2.6% (7/
268 donor sites) and secondary surgery has rarely been neces-
sary1,14–17 (Table 1). Despite initial concerns about the potential
for stress shielding, less than 1% (2/268) of the plates reported as
inserted for PIF over the last decade, have been removed for
complications.1

However, the 3.5 mm DCP plate is bulky and requires a mini-
mum of two bicortical screws at each end, which may be imprac-
tical in the anterior position if space adjacent to the wrist joint is
limited. Developments in the design of plates have included light-
er, thinner titanium and steel plates with limited contact areas to
reduce the risk of osteopenia and stress shielding.20 Bone is more
flexible than either stainless steel (E 200 GPa) or titanium (E
110 GPa)21 but titanium plates may have less of a stress shielding
effect because the elastic modulus and structural stiffness is closer
to that of bone, which should allow greater sharing of the load.21,22

The new plates have various potential advantages; lighter plates
are more readily adapted, the T-shaped plate is anatomically con-
toured to the distal radius, the shaft of the 3.5 mm T-plate is ana-
tomically contoured to the left or right radius and close adaptation
of the plate may be less important with a unilocking system. Low
profile unilocking plates have become increasingly popular for
managing displaced fractures of the distal radius and achieve
greater angular stability in osteoporotic bone.18,19 As many oncol-
ogy patients are elderly this may be an advantage. The author (CA)
has limited but successful clinical experience with T-shaped tita-
nium plates.23 The 2.4 mm LCP distal radius plate has an extended
proximal shaft of 8–12 holes which is of sufficient length for most
radial defects and is readily adapted. The 2.4 mm fixed angle T-
shaped distal end allows the safe removal of bone when space is
limited. The LCP Dia-Meta volar distal radius plate has a stronger
3.5 mm anatomically contoured proximal shaft. To avoid damaging
the flexor tendons the plates have rounded edges and flush fit
screws. The plate should not be placed beyond the transverse ridge
or ‘‘watershed’’ of the distal radius to avoid penetrating the wrist
joint.18,19

The biomechanical effectiveness of these new plates has not
previously been compared with the 3.5 mm DCP steel plates com-
monly used for PIF. In this study an intact tibia was significantly
(p < 0.001) stronger than an osteotomised bone in both bending
and torsion, and withstood much greater bending forces. This is
consistent with previous studies (Table 5)4,9 and supports the
hypothesis that most radial fractures are probably caused by rela-
tively low-energy torsional forces.7,8 All of the constructs signifi-



Table 5
Biomechanical studies of reinforcement of the osteotomised radius and tibia.

Bowers 2000 Avery 2007 Avery 2010

Type of bone Cadavaric Human radii Sheep Tibiae Sheep Tibiae

Number of pairs 20 50 40
Length of osteotomy (cms) 8 6 4
Amount of bone removed 50% cross-section 40% circumference 40% circumference
Type of plate and position DCP posterior DCP posterior & anterior DCP posterior & anterior

T-Plate posterior & anterior

Percentage strength retained – osteotomised: intact bone (100%)
Torsion 18 69 23
4-point bending 24 35 36

Percentage strength restored – osteotomised + DCP cortex: intact bone (100%) and ratio mean increase in strength (n)
Torsion 63 (4) 101 (1.6) 44 (1.9)
4-point bending 73 (2.7) 80 (2.8) 62 (1.7)

Percentage strength restored – osteotomised + DCP section: intact bone (100%) and ratio mean increase in strength (n)
Torsion – 97 (1.8) 62 (2.6)
4-point bending – 46 (2.3) 84 (2.3)

DCP = 3.5 mm Dynamic compression plate.
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cantly strengthened an osteotomised bone by a factor of 1.73–2.43
times in bending and 1.54–2.63 in torsion. The relatively light and
malleable 2.4 mm T-plate placed in an anterior position (section)
was chosen as the baseline against which other constructs were
compared. The 3.5 mm T-plate section, DCP section and DCP cortex
constructs had greater mean bending strengths respectively than
the 2.4 mm T-plate section but only the 3.5 mm T-plate section re-
sult approached statistical significance (41%, p = 0.06). In torsion
the DCP section construct had a significantly greater mean strength
(56%, p = 0.01) and the 3.5 mm T-plate section strengthening effect
approached significance (27%, p = 0.06). The mean bending
strength restored by the DCP section (84%) and 3.5 mm T-plate sec-
tion (87%) constructs was greatest and effectively restored the
strength to that of an intact bone (100%). In torsion the mean
strength restored remained statistically weaker than that of an in-
tact bone (Tables 3 and 4). Hence, the strongest reinforcements in
bending and in torsion respectively were the 3.5 mm T-plate sec-
tion and the DCP section constructs.

The interpretation of comparisons between the groups of paired
bones and other studies are constrained by the relatively small
numbers, lack of direct linkage, differing animal cohorts and tech-
niques of testing or osteotomy design. The osteotomy defect in the
current study was 4 cm as opposed to 6 cm in the previous sheep
study,9 both values are within the range used in clinical practice.24

The number and position of the screws inserted also varies in clin-
ical practice but was standardised for the study. The findings are
consistent with the previous biomechanical studies as the forces
required for fracture are of a similar order of magnitude with com-
parable ratios of strengthening (Table 5). However, in contrast to
the previous sheep tibia study9 the intact bones in the current
study were stronger in torsion and weaker in bending. The retained
strength in torsion of 69% for an osteotomised bone in the previous
sheep study appears relatively high and the relative stoutness of
the tibial bones when compared to the human radius is probably
not the only factor. Previously the strengthening effect in torsion
of the DCP section and DCP cortex constructs was similar but in
the current study the DCP section construct was significantly
stronger (p = 0.08) and under bending loads the DCP section was
not weaker than the DCP cortex. The biomechanical advantage un-
der bending loads of the posterior plate position is debateable but
probably remains relatively unimportant in clinical practice as the
radius will resist much greater bending than torsional forces.9 The
surgical approach for a posterior plate is also more demanding as
the posterior interosseous nerve is at risk, soft-tissue coverage is
thin and tendon injury is more likely, although less common with
contoured low profile plates.18,25,26 However, there has been no di-
rect clinical comparison between the two surgical approaches and
the surgeon may chose the technique that best suits their practice
and experience.

The use of PIF has become more widely accepted as a safe and
reliable surgical technique for harvesting up to 50% of the radial
circumference. The introduction of new contoured unilocking plate
systems may further consolidate, or perhaps expand, the limited
role of this flap.2 The anteriorly positioned 3.5 mm T-plate and
3.5 mm DCP constructs were the strongest overall, and in bending
and torsion respectively. Either plate is suitable for PIF although
the anteriorly positioned 3.5 mm DCP remains the most effective
construct for resisting torsional stress, which is probably the com-
monest cause of fracture. The 2.4 mm unilocking T-plate was the
least effective of the plates tested but still significantly increased
the strength of an osteotomised bone. Whether the relative reduc-
tion in strength of the 2.4 mm plates is of clinical significance is
unknown and further experience with these plating systems is
desirable.
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Introduction:  The  strengthening  effect  of prophylactic  internal  fixation  (PIF)  with  a  bone  plate  at  the
radial  osteocutaneous  flap donor  site  has previously  been  demonstrated  using  the  sheep  tibia  model  of
the human  radius.  This  study  investigated  whether  a finite  element  (FE)  model  could  accurately  represent
this  biomechanical  model  and  whether  stress  or strain  based  failure  criteria  are  most  appropriate.
Methods:  An  FE model  of  an osteotomised  sheep  tibia bone  was  strengthened  using  4 types  of plates  with
unilocking  or  bicortical  screw  fixation.  Torsion  and  4-point  bending  simulations  were  performed.  The
maximum  von  Mises  stresses  and  strain  failure  criteria  were studied.
Results:  The  strengthening  effects  when  applying  stress  failure  criteria  [factor  1.76–4.57  bending  and
1.33–1.80  torsion]  were  comparable  to the sheep  biomechanical  model  [factor  1.73–2.43  bending  and
racture
one plate
inite element analysis

1.54–2.63  torsion].  The  strongest  construct  was  the  straight  3.5 mm  stainless  steel  unilocking  plate.
Applying  strain  criteria  the strongest  construct  was the  straight  3.5  mm  stainless  DCP plate  with  bicortical
screw  fixation.
Conclusions:  The  FE model  was validated  by  comparison  with  the  sheep  tibia  model.  The  complex  biome-
chanics  at  the  bone-screw  interface  require  further  investigation.  This  FE modelling  technique  may  be
applied  to  a model  of  the  human  radius  and  other  sites.
. Introduction

The radial osteocutaneous flap is a useful free flap for recon-
truction of small bone defects of the maxillofacial skeleton but
he incidence of fracture at the donor site has remained relatively
igh and is typically between 15 and 25% [1–4]. The use of pro-
hylactic internal fixation (PIF) to strengthen the donor site was

rst described by the author in 1997 [5] and has become increas-

ngly popular over the last decade [6–10]. A straight 3.5 mm steel
ynamic compression plate (DCP) has most commonly been used

∗ Corresponding author at: University Hospitals of Leicester, Leicester, LE1 5WW,
nited Kingdom. Tel.: +44 0116 258 6953; fax: +44 0116 258 5205.

E-mail addresses: chrisavery@doctors.org.uk (C.M.E. Avery), bujpet@yahoo.co.uk
P. Bujtár), janos@simonovics.hu (J. Simonovics), dezsit@c3d.hu (T. Dézsi),
aradik@eik.bme.hu (K. Váradi), sandor george@hotmail.com (G.K.B. Sándor),
p165@leicester.ac.uk (J. Pan).

350-4533/$ – see front matter ©  2013 IPEM. Published by Elsevier Ltd. All rights reserve
ttp://dx.doi.org/10.1016/j.medengphy.2013.03.014
© 2013 IPEM. Published by Elsevier Ltd. All rights reserved.

but is bulky, and requires careful adaptation to the bone surface
with bicortical screw fixation. The introduction of low profile and
anatomically contoured plates, secured by unilocking screw sys-
tems which do not require such close adaptation, has expanded
the options available for managing fractures of the radius [11,12]
and these plates are potentially suitable for PIF.

In biomechanical studies the creation of an osteotomy defect
substantially weakens the human radius [13] and sheep tibia model
of the radius [14] but the significant strengthening effect of PIF
has been demonstrated at both of these sites [6,15,16]. The major-
ity of the weakening effect in previous biomechanical studies has
been caused by the creation of a section defect. However, our recent
finite element analysis of differing types of osteotomy cut suggests
that stress levels may  also be substantially decreased (by up to

56%) by refinements in the osteotomy design [17]. Classical labora-
tory mechanical experiments are time consuming and expensive,
whilst access to human tissue is limited. The use of finite element
(FE) analysis has become established in bioengineering research in
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Table 1
Plate and screw material data.

T-plates Straight plates

Type of plate 3.5 mm T-platea 2.4 mm T-plate 3.5 mm DCP plate 3.5 mm LCP plate

Thickness 3.5 mm 2.4 mm 3.5 mm 3.5 mm
Plate  materials TiCP TiCP 18Cr–14Ni–2.5 Mo  18Cr–14Ni–2.5 Mo

Stainless steel Stainless steel
Young (GPa) 103 103 186 186
Ultimate tensile strength (MPa) 680 680 480 480
Screw  – bone engagement Unicortical Unicortical Bicortical Unicortical
Screw  – plate fixation Lockingb Lockingb non-lockingc lockingb

Screw materials Ti-6Al-7Nb Ti-6Al-7Nb 18Cr-14Ni-2.5 Mo Stainless Steel 18Cr-14Ni-2.5Mo Stainless Steel
Young  (GPa) 105 105 186 186
Ultimate tensile strength (MPa) 900 900 480 480
Screw  diameter 2.4 and 3.5 mm 2.4 mm 3.5 mm 3.5 mm
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a LCP Dia – meta Volar distal radius plate: 3.5 mm contoured shaft with 3.5 mm s
b FEA simulation with bonded connection.
c FEA simulation with friction grip.

eneral and these techniques are now beginning to be applied to
he maxillofacial region [18,19]. The aims of the current study were
o validate a FE analysis model of the sheep tibia model of the radius
nd investigate the suitability of various types of bone plate for PIF
f the radial osteocutaneous donor site. The use of the FE technique
ay  then be expanded to include modelling of the human radius.

. Methods

A computer aided design (CAD) model of a single sheep tibia
one and 4 separate models of bone plates were created. The
ibia was a randomly selected from 5 pairs of cadaver bones with
imilar imaging characteristics. Three plates had unilocking screw
xation systems [titanium T-shaped radial locking compression
lates (LCP) in 2.4 mm and 3.5 mm thickness, 3.5 mm stainless steel
traight LCP plate] and one plate utilised bicortical screw fixation
3.5 mm stainless steel straight dynamic compression plate (DCP)].
he screws were all simplified to cylinder geometry. A 3.5 mm
iameter was applied throughout for the straight 3.5 mm LCP and
CP plates. A 3.5 mm screw diameter was also used along the dia-
hysial part for the 3.5 mm T-shaped plate and a 2.4 mm screw
iameter at the epiphysial component. A 2.4 mm screw diameter
as applied throughout for the 2.4 mm T-shaped plate (Synthes,
K) (Table 1).

.1. Acquisition of bone shape and density data

The tibiae were imaged with a medical grade computerised
omography scanner (Toshiba, Aquilion) during a single sequence
sing the FC03 algorithm, bidirectional 512 pixel field of view (FOV)
ith 0.551 mm axial resolution and 0.801 mm slice increment

120 kV, 225 mAs) to yield the highest available spatial resolution.

.2. Modelling

The DICOM data was imported in to the ScanIP (Simpleware,
xeter, UK) software program for geometrical reconstruction. Sur-
ace rendering was undertaken to replicate an outer cortical
ayer. The reverse engineering method was used to recreate the
imensions of the bone plates using the ProEngineer Wildfire 5
Parametric Technology Corporation, Needham, MA,  US) CAD soft-
are.
.3. Meshing and simulation

A standardised defect of 4 cm length, 40% circumference with
5◦ sloping end cuts was created in the mid-shaft of the CAD model
 and 2.4 mm distal head with 2.4 mm screws.

to simulate a typical osteotomised bone (Fig. 1). The CAD mod-
els of the plates, screws and tibia were meshed to form a finite
element model composed of 10-node quadratic tetrahedrons. The
mesh was  imported back in to the ScanIP program for assignment
of the material properties to each element, including the cortical
and medullary bone. The simulations were run with Marc 2007
(MSC.Software, USA) software.

2.4. Test of convergence of numerical analysis

The sharp edges of the osteotomy cuts within each model cre-
ated the potential for an infinite level of stress in a linear elastic
model. On the other hand rounding at these domains has short-
comings as there are significant variations in clinical practice and
measuring or determining an average standardised rounding pat-
tern is impractical. It was necessary to demonstrate that the finite
element results converge as the mesh is refined in the vicinity
of the edges. For each of the models the initial element range of
between 3 mm  and 0.3 mm was  first refined to 0.2 mm and then
0.1 mm,  with the smallest units around the outer and inner cor-
ners, and at the osteotomy cuts. Whilst noting that this resolution
is potentially below the voxel size of the input scan used for mate-
rial assignment [0.551 mm × 0.551 mm × 0.801 mm].  The absolute
differences in stresses between the refinement steps was less than
15% and the stress distribution patterns were very similar for each
model indicating that this was a satisfactory method. At the point
where the osteotomy cuts met  and were rounded (0.5 mm radius)
the element range was further refined in 3 steps down to a 0.05 mm
mesh size (Fig. 2). The presented results are collected from the zone
of rounded geometry. However, there was less than 5% absolute
difference between results when the sharp and rounded geometry
values were compared.

2.5. Material properties used in the finite element analysis

The radiographic density values were used for determining the
mechanical elastic properties of the model elements. These covered
a wide range of density from the relatively porous inner medullary
bone to the dense outer cortical shell. The association between
bone density (HU) and specific gravity [g/cm3] was described with a
validation procedure. Seven sets of validating cylinders, each con-
taining 3 materials of known density, were included within the
imaging FOV and the data processed using ImageJ 1.42q software
(Wayne Rashband, National Institute Health, Bethesda, Maryland,

USA). The correlation between the relative density of the bone and
the HU value of the cylinders was  described using a linear regres-
sion analysis. The correlation between the HU and the material
density [g/cm3] was defined using Eq. (1). By definition zero HU
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Fig. 1. Simulated osteotomy defect. A standardised simulated osteotomy defect of 40% circumference and 4 cm length with 45◦ sloping osteotomy end cuts.The bone specimen
voxels  represented a range from −208 to 1838 HU of the Hounsfield Unit scale. This range was  split in to 100 equal width groups and each group marked with a bar on the
diagram. The number of elements within each group and the corresponding Hounsfield values are indicated.

Fig. 2. Refined rounded osteotomy corner of 0.5 mm radius indicating von Mises stress values.
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Fig. 3. Bone quality along a line (perpendicular to the surface) at the mid  diaphysis
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Fig. 4. Conventional 3.5 mm steel plate over defect (anterior position) with 2 bicor-
tical screws at each end in a non-compressive position. This is the minimum number
of  screws required for stability.

Fig. 5. Straight 3.5 mm plate with unilocking screw fixation.

Fig. 6. T-shaped titanium plate over defect (anterior position) with two  unicortical
screws either side of the section defect and within the T-shaped end.
f  the tibia model based. The inner medullary bone had the same density as water
HU = 0) and has no attributed mechanical strength.

s the radiodensity of distilled water at standard temperature and
ressure, and the density of air is −1024 HU.

ensity� = 0.000732 × HU + 0.112715 [g/cm3] (1)

The linear elastic modulus (E) is related to the bone density (�)
s described in Eq. (2) [20].

 = 10,  500 × �2.29[MPa] [MPa = Megapascal 1 × 106] (2)

he full range of the HU scale was equally partitioned in to100 units
nd the density of each element referred to the matching unit. After
his classification the two previously described functions were
pplied. Isotropic, linear elements composed of non-homogenous
etrahedral units were used. The Poisson ratio was set as 0.3
Fig. 3). Validation of a real model so that numerical modelling
an reproduce a physical simulation is one of the major challenges
or all FEA work. In this study the failure trends found in previ-
us laboratory tests were reproduced as a part of this validation.
his FE model relied on there being no displacement and a strain
ased validation which is consistent with classical engineering
ethodology.

.6. Assembly interfaces

A bonded connection was used at the bone–screw and
late–screw interfaces with the locking screw system. A fric-
ion grip connection was applied at the bone–plate and the
crew–plate interfaces using a coefficient of 0.3 [21–23] for the
on-locking screw system and was also applied if bone–plate
ontact occurred during testing of the locking screw fixation
ystem.

.7. Yield criteria

A linear elastic analysis was performed. The maximum and min-
mum principal (�), and von Mises stresses (�v) were examined
o study which is responsible for the failure of the bones [24]. In
ddition the maximal principal strain criteria were also applied
nd these are considered comparable or possibly superior out-
omes for predicting failure within bone specimens in some FEA
25,26] One purpose of this study was to test which criteria would

e the most representative. Previous biomechanical studies have
onfirmed that it is the bone, not the plates or screws, which fails
nder loading [6,15,16].
Fig. 7. Overview of T-shaped titanium plate over the defect and in the anterior
position.

2.8. Test simulations

The following models were tested; intact bone, osteotomised
bone and osteotomised bone reinforced with each of the differ-
ent plate options placed over the section defect (Figs. 4–7). Two
standard loading modes, 4-point bending and torque were used to
compare the plate designs. Loading patterns in clinical practice will
vary with each individual patient but the combination of bending
and torsion in different proportions can reproduce many actual sce-
narios. Although, it can be argued that compression with bending
referred to as eccentric compression and torsion at the screws are
more representative.

The torque test was performed with a 5 Nm load applied whilst
one end of the model was immobilised and a 30 Nm (1000 N) load
was applied for the 4-point bending compression test (Fig. 8). The
magnitude of the loads were set to obtain von Mises stress val-
ues known to coincide with the limits of the structural integrity of
bone [27]. Data for the maximum principal stress values were also

collected. The plates which generated the lowest von Mises stress
values are potentially the strongest forms of reinforcement.
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Fig. 8. Boundary conditions and loads on the

.9. Data analysis

To allow comparison between the differing types of construct
he results were analysed by Rank Order as only a single bone model
as used. The relative strengthening effect of a bone plate construct
as calculated by dividing the maximum von Mises stress value

f the osteotomised control sample by the maximum von Mises
tress value for the construct within the osteotomy region. Similar
alculations were performed for the strain results.

. Results

Under both torsion and 4 point bending the peak von Mises
tresses accumulated at both of the end angles of the osteotomy
efect and around the screws closest to the defect (Fig. 9, Table 2).
his is consistent with previous biomechanical studies of the
heep tibia model [15,16]. The original laboratory testing suggested
hat the constructs would not fail around the screws next to the
esection. This meant that the detailed screw geometry of this
omain could be ignored as stress and strain levels distant from
his site would not be compromised. Although, an increase in the

echanical strength at the osteotomy site may  change this rela-
ionship [17] and raise the possibility of shifting the site of failure
owards the screw–bone interface (Fig. 10).

The stress results are tabulated in Tables 2 and 3 and rep-
esented in Fig. 11. The maximum von Mises stress values of
he intact control bone at the osteotomy sites were relatively
ow when compared to the osteotomised bone model under 4-

oint bending loads (35 MPa  compared with 169 and 205 MPa)
nd torsional loading (13 MPa  compared with 249 and 292 MPa)
ndicating the substantial weakening effect of an osteotomy
Table 2).
tomised tibia model under 4-point bending.

3.1. 4-Point bending tests

The intact bone model had maximum von Mises stress values
of 35 MPa, while the osteotomised bone had values of 205 MPa
respectively. For the reinforced bones the highest stress values in
descending order were; straight 3.5 mm DCP (96 MPa), 3.5 mm T-
plate (53 MPa), 2.4 mm T-plate (50 MPa), and 3.5 mm straight LCP
(37 MPa) (Table 2). The higher von Mises stress values around the
screws (Labels 1 and 2, Fig. 9) must be interpreted with caution due
to the limitations of the bonded connection modelling used at the
bone-screw interface. The 3.5 mm T-plate had a marginally greater
stress value at the osteotomy site than the 2.4 mm plate (53 MPa
compared with 50 MPa) but the stress values at the screw sites were
much lower (134 MPa  and 206 MPa) hence the 3.5 mm T-plate was
ranked above the 2.4 mm T-plate (Table 3).

3.2. Torsion tests

The intact bone model had maximum von Mises stress values
of 13 MPa, while the osteotomised bone had a value of 292 MPa.
For the reinforced bones the highest stress values in descending
order were; 2.4 mm T-plate (220 MPa), 3.5 mm T-plate (184 MPa),
straight, straight 3.5 mm DCP (173 MPa) and 3.5 mm straight LCP
(163 MPa) (Table 2). In contrast to the 4-point bending simulation
the highest stress values were around the base of the osteotomy
cut (Labels 3 and 4, Figs. 9 and 10).

3.3. Decreased preload testing of the DCP plate

The preload values applied for the DCP plate were 400 N on each

individual screw in the initial 4-point bending and torsion tests. The
preload may alter the effectiveness of the DCP so these simulations
were repeated with a lower value of 50 N. The greater of the peak
stresses around the screw closest to the osteotomy defect, on each
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Fig. 9. The regions of peak von Mises stress concentration within the reinfor

ide, with a preload of 50 N [103 and 76 MPa] were lower than at
00 N [160 and 54 MPa] under torsion. The peak stress values under
-point bending with a preload of 50 N [111 and 206 MPa] were also

ower than with a 400 N preload [199 and 358 MPa] (Table 2).
At the osteotomy sites, at either end of the defect, the peak stress

nder torsion with a preload of 50 N [173 and 156 MPa] was similar
o that with a 400 N preload [138 and 159 MPa]. The peak stress
alues under 4-point bending with a 50 N preload [83 and 96 MPa]
ere lower than with a 400 N preload [54 and 67 MPa) (Table 2).

.4. Strain criteria

The strain results for rank order are similarly presented in
ables 2 and 4 and Fig. 12 for comparison.

.5. Strongest construct
When assessed using stress criteria the strongest form of rein-
orcement under both 4-point bending and torsional loading was
he 3.5 mm straight stainless steel LCP unilocking plate. If strain

Fig. 10. The distribution of peak von Mises stress values around base of o
nstruct around the screws or at the angle of the base of the osteotomy site.

criteria were applied the 400 N preloaded 3.5 mm straight stainless
steel DCP plate was the strongest (Tables 3 and 4).

4. Discussion

The introduction of PIF has revolutionised the management of
the radial osteocutaneous donor site. A variety of plates, most com-
monly the straight 3.5 mm steel DCP with bicortical fixation, have
been used in either the anterior (over defect) or posterior (on oppo-
site cortex) positions. A relatively low overall fracture rate of 2.6%
(7/268 donor sites) has been reported with PIF [7–10,28]. Despite
initial concerns about stress shielding and the risk of late fracture
less than 1% (2/268) of the plates reportedly inserted have been
removed [4]. We routinely use the anterior surgical approach and
this is the position which was  investigated in this study.

The 3.5 mm DCP plate is effective but not ideal as it is bulky and
requires a minimum of two bicortical screws at each end, which

may  be impractical when space is limited. Developments in plate
design have included lighter and thinner titanium or steel plates
with limited contact areas to reduce the risk of osteopenia and
stress shielding [29]. Bone is more flexible than either stainless steel

steotomy cut under torsion testing of a 3.5 mm straight LCP plate.
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Table 2
Finite element model constructs tested under 4-point bending and torsional loads.

Stress (MPa) 4-Point bending – 30 Nm Torque – 5 Nm

vM S1 (max) S3 (min) strain vM S1 (max) S3 (min) Strain

3.5 mm T-plate
Region 2 – screw 112 −11 −133 56 −4 −66
Region 4 – osteotomy 53 59 3 0.0054 158 168 −1 0.025
Region 1 – screw 134 −18 −163 88 110 12
Region 3 – osteotomy 42 0 −45 0.0059 184 201 5 0.018
2.4  mm T-plate
Region 2 – screw 109 −19 −138 43 −2 −49
Region 4 – osteotomy 50 0 −54 0.0052 195 −10 −217 0.022
Region 1 – screw 206 −72 −292 107 159 49
Region 3 – osteotomy 34 0 −37 0.0051 220 240 6 0.03
3.5  mm straight LCP plate
Region 2 – screw 119 −29 −160 82 −10 −98
Region 4 – osteotomy 37 41 1 0.0024 134 −7 −149 0.015
Region 1 – screw 96 6 −101 95 92 −16
Region 3 – osteotomy 20 21 0 0.0015 163 176 2 0.02
3.5  mm straight DCP plate (400 N preload)
Region 2 – screw 359 484 103 54 69 10
Region 4 – osteotomy 67 0 72 0.0019 159 −9 −177 0.01
Region 1 – screw 199 264 49 160 215 46
region 3 – osteotomy 54 −1 −59 0.0017 138 151 4 0.018
3.5  mm straight DCP plate (50 N preload)
Region 2 – screw 206 298 81 76 −7 −90
Region 4 – osteotomy 96 1 −103 0.0026 156 −9 −174 0.015
Region 1 – screw 111 147 28 103 136 23
Region 3 – osteotomy 83 −1 −90 0.0027 173 187 2 0.021
Intact  bone–control 35 37 1 13 8 −7 35
Osteotomised bone–control
Region 4 – osteotomy 169 1 −181 0.0051 249 −13 −276 0.03
Region 3 – osteotomy 205 −3 −223 0.007 293 319 8 0.04

vM – von Mises stress; S1 – 1st principle stress; S3 – 3rd principle stress.
Regions 1 and 2 – screws nearest to osteotomy (Fig. 8).
Regions 3 and 4 – angle at base of osteotomy defect (Fig. 8).

Table 3
Rank order of relative strengthening effect of model constructs under 4-point bending and torsional loads – stress values.

4-Point bending Torsional loads

Rank order Type of plate Strengthening factor v
osteotomisedbonea

Rank order Type of plate Strengthening factor v
osteotomisedbonea

1 3.5 mm straight LCP 4.57 1 3.5 mm straight LCP 1.80
2  3.5 mm T-plate b 3.19 2 3.5 mm straight DCP (50 N preload) 1.69
3  2.4 mm T-plate b 3.38 3 3.5 mm straight DCP (400 N preload) 1.57
4  3.5 mm straight DCP (50 N) c 1.76 4 3.5 mm T-plate 1.59
5  3.5 mm straight DCP (400 N) c 2.52 5 2.4 mm T-plate 1.33

a The maximum von Mises stress value of the osteotomised control sample divided by the maximum von Mises stress value for the construct within the osteotomy region.
b The 3.5 mm T-plate strengthening factor was slightly lower than the 2.4 mm T-plate but the von Mises stress values at the screw-bone interface were significantly higher

with  the 2.4 mm T-plate so it has been ranked down.
c Similar considerations were applied with the 3.5 mm straight DCP 50 N and 400 N preload values

von Mises stress (MPa) - at osteotomy site
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Fig. 11. Finite element model constructs tested under 4-point bending and torsional loads – stress values.
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Table 4
Rank order of relative strengthening effect of model constructs under 4-point bending and torsional loads–Strain criteria.

4-Point bending Torsional loads

Rank order Type of plate Strengthening factor v
osteotomised bonea

Rank order strain based Type of plate Strengthening factor v
osteotomised bonea

1 3.5 mm straight DCP (400 N) 3.68 1 3.5 mm straight DCP (400 N preload) 2.22
2  3.5 mm straight LCP 2.92 2 3.5 mm straight LCP 2.00
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3  3.5 mm straight DCP (50 N) 2.59 3 

4  2.4 mm T-plate 1.35 4 

5  3.5 mm T-plate 1.19 5 

E 186 GPa) or titanium (E 110 GPa) [30] but titanium plates may
ave less of a stress shielding effect because the elastic modulus
nd structural stiffness is closer to that of bone, which should allow
reater sharing of the load [30,31]. Other improvements include
natomical contouring and unilocking screw systems which do not
equire such close adaptation and offer greater angular stability in
steoporotic bone [11,12]. We  recently studied the biomechanical
ffectiveness of the straight 3.5 mm DCP plate and new T-shaped
lates using the sheep tibia model [16] and reported their use in

 small clinical report [32]. All of the plates in this biomechanical
tudy significantly strengthened an osteotomised bone by a factor
f 1.73–2.43 times in bending and 1.54–2.63 times in torsion. The
ighter 2.4 mm T-plate was the weakest construct. The strongest
einforcements in bending and in torsion respectively were the
.5 mm T-plate and 3.5 mm DCP plate. The 3.5 mm LCP plate with

 unilocking system and the DCP with a high (400 N) preload were
ot tested in that study [16].

The use of FE modelling provides a deeper understanding of
he interactions between the bone and differing types of reinforce-

ent. The technique is not susceptible to the inherent variation
n quality of bone specimens but it remains just a simulation. The
uality of the modelling and characteristics of the boundary condi-
ions are important factors which influence outcomes and must be
ontrolled. The modelling of the load bearing structure of the skele-
on may  utilise various strategies for volumetric model generation,

eshing protocols and utilising different types of elements [33,34].
 reasonable simplification in this study was to assign mechanical
arameters to the FE mesh for an isotropic, rather than anisotropic,
odel whereby a single Young modulus (E) with a single Poisson

atio was used without directional privilege.
Although, bone behaves as an anisotropic composite material

he cortical layer of a long bone demonstrates directionally depend-
nt elasticity with transverse isotropic or orthotropic behaviour.

hilst along the longitudinal axis the ultimate tensile strength and

oung modulus are greater, the transverse and radial directions
ave minimal variations. The impact of directionally dependent
lastic modulus factors on macroscopic loading values varies by

strain - at  ost
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Fig. 12. Finite element model constructs tested under 4
3.5 mm straight DCP (50 N preload) 1.90
3.5 mm T-plate 1.60
2.4 mm T-plate 1.33

up to 40% [35,36]. This simplification of the isotropic model may
change the depth and direction of stress penetration, and ulti-
mately the orientation of fracture formation. More sophisticated
CT derived apparent density dependent techniques are available
but the visco-elastic and anisotropic features are rarely used
[18,20,37,38]. Although the maximum principal strength (maxi-
mum  tensile stress among all possible directions) is also related
to bone failure, by representing the initiation of crack formation,
this study has primarily utilised maximum von Mises stress values
which indicate the onset of plastic yielding. The impact on strain
levels was  also studied for comparison and in some scenarios the
strain criteria appear more representative than the principle or von
Mises stress values.

To create an anatomically realistic model it is important to have
mechanically distinct cancellous and outer cortical bone elements
as bone is not homogenous. There are also variations in the bound-
ary conditions applied in other studies and these may  benefit from
optimisation. The quasi-static conditions used in this experiment
are more commonly applied when testing bone–implant interac-
tions but the response of bone differs under dynamic loading. These
differences may  be addressed by altering the visco-elasticity of the
loading rate. Essentially, higher compressive and yield strengths
with lower fracture toughness are seen when dynamic tests are
performed [39]. An optimal range of mechanical stability during
the healing phase is important to avoid abnormal bone union. Some
mechanical stimulation is necessary for cellular proliferation and
remodelling [40–45]. The optimised range varies with age but in
general rigid fixation is more effective in younger patients whilst
semi-rigid fixation is more appropriate for older patients [46].

In this FE model the intact bone was much stronger than the
osteotomised bone. The 3.5 mm unilocking LCP plate provided the
strongest form of reinforcement under both bending and torsional
loading, regardless of whether the von Mises or the maximal prin-

cipal stress concepts are applied, as this construct can bear loads
in a relatively rigid manner. The straight 3.5 mm DCP, with bicorti-
cal screw fixation, was  almost as strong under torsional loads but
was weaker under bending loads. However, the DCP construct was
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trongest if just strain criteria are considered. The higher preload
alue had an adverse effect on the von Mises stress values around
he bone–screw interface and the biomechanics of this interface
re not fully understood. The ideal torque value for screw fixa-
ion is unknown and a 400 N preload may  represent the effect of
ver-tightening.

The FE simulation results for the torsion testing were more
ontinuous than those for 4-point bending and this makes them
ore reliable. This is supported by the relatively higher von Mises

tress values seen around the osteotomy cuts rather than at the
one–screw interface, and failure less likely at the latter site. In
ontrast with 4-point bending the highest stress values occurred
round the screws. This model assumed a perfect bond without
imiting the connection to a maximum stress value to create a

ore linear model but under normal loading conditions the con-
ection between the bone and screw loosens at peak stress and
esults in a more dynamic non-linear interface as sharing of the
oad occurs over a larger surface area. The cohesive forces between
he bone–screw surfaces are likely to be overwhelmed resulting
n separation, loosening and crack propagation or simply shearing
nd rapid decreasing of stress levels. Ultimately this simplification
oes not fundamentally alter the rank order of the plates but does
ighlight the need for a better understanding of the bone–screw

nterface.
The previous biomechanical study [16] had comparable out-

omes to the FE analysis with some variations. The potential
onfounding factors include; (1) the utilisation of isotropic rather
han orthotropic Young moduli distribution for each element; (2)
he bonded connection rather than a cohesive connection at the
one–screw interface and (3) the difficulties in modelling the
on-locking DCP system. The magnitude of the strengthening was
ffected by factors (1) and (2). The FE result showed relatively
reater strengthening effect in the 4 point bending tests and less
nder torsional loading. The sheep tibia withstands greater bending
han torsional loads and all plates had a demonstrable strengthen-
ng effect which ranged from a factor of 1.73–2.43 under bending
oads [FE analysis factor 1.76–4.57 stress based and 1.19–3.68 strain
ased] and 1.54–2.63 under torsional loading [FE analysis factor
.33–1.80 stress based and 1.33–2.22 strain based] [16]. Unlike the
revious sheep biomechanical experiment we did not include sim-
lation of a posteriorly positioned plate (on the intact cortex). The
ause of most fractures in clinical practice is thought to be tor-
ional loading and this most commonly results in failure within the
steotomy site, either at the end cut or within the section defect.
his is consistent with the findings in our sheep biomechanical
tudy [16] and the current FE analysis. The 3.5 mm straight mm
CP plate (not tested in sheep experiment) was slightly stronger in
his FE model than the 3.5 mm straight DCP plate when applying
he stress level criteria. The lesser strengthening effect of the DCP
ystem may  be the result of all three factors (1, 2 and 3). Although
ith a high preload (400 N) this performed better to reduce strain

evels at both osteotomy sites.

. Conclusions

The most appropriate plate currently available for PIF may  be
he straight 3.5 mm LCP plate if the stress analysis is preferred but
hen applying strain criteria the straight 3.5 mm DCP is stronger

nd showed similar results to our previous biomechanical testing.
his study confirms that the current FE model satisfactorily repre-
ents the main features of the sheep tibia model but it is not an exact
eplication of the clinical situation as many other factors also apply.

or example; variation in anatomy, type of osteotomy, the number
nd position of screws inserted. The tibia is also relatively short and
tout when compared to the human radius and is not an ideal shape
or the anatomically contoured plates, which may  function better
 & Physics 35 (2013) 1421– 1430 1429

on the human radius. The stress within the region of the osteotomy
defect depends mainly on the characteristics of the bone model and
these factors are relatively well understood. However the stresses
around the bone-screw interface and the effect of loosening would
benefit from further investigation and mechanical testing.

One central issue which still needs to be resolved for all sim-
ilar studies is the choice of failure criteria applied for bone when
using a finite element analysis. It is inconclusive from the litera-
ture whether bone should be treated as primarily a brittle material
with the maximum stress indicating the onset of cracking or con-
sidered a more ductile material, in which case the von Mises stress
value controls the onset of plastic deformation. In this FE analy-
sis there was little difference between the von Mises stress values
and the largest principle stress values (S1 and S3), and the other
principle stress values were much smaller. These findings indicate
that controlled loading created stress conditions with a single dom-
inant principle stress in which a substantial difference between
the von Mises and principle stress values would not occur or allow
discrimination between these failure criteria. Although it was our
expectation that the stress failure criteria would be more reliable
when comparing strengthening effects it may be that rank ordering
using strain criteria may  be more appropriate.

In future the FEA method may  be refined and applied to a model
of the osteocutaneous radial donor site based on human CT data.
This will allow the finite element model to be used to simulate real-
istic loading under clinical conditions for both the intact, fractured
and osteotomised radius. It also has implications for developing
models of other anatomical sites such as the human mandible.
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bstract

steotomy cuts are typically made using a saw, and the meeting point acts as a focus for the concentration of stress and failure. We have studied
he impact of different designs of osteotomy cut. Cadaver sheep tibias were scanned by computed tomography (CT) and transformed into a
omputer-aided design (CAD) model. A standard marginal resection defect was created and then modified, and a finite element analysis made.
he relative stress concentrations at the intersection of osteotomy cuts were recorded using principal stresses S1, S3, and von Mises stress,
on Mises under both 4-point bending and torsion testing. The osteotomy designs studied were: right-angled and bevelled osteotomy end
uts, overcutting, and a stop drill hole. Peak stress values for 4-point bending and torsion were 24–30% greater at the right-angled osteotomy
han the bevelled end cut. Overcutting dramatically increased peak stress values caused by bending and torsion by 48% and 71%, respectively.
ubstantially lower concentrations of stress were noted with a stop hole using both a 90◦ (bending 38% and torsion 56%), and a tangential
bending 58% and torsion 60%) cut. A bevelled osteotomy has substantially lower concentrations of stress than a right-angled osteotomy. It is
mportant to avoid creating an overcut as this causes an appreciable increase in the concentration of stress, while a stop drill hole substantially

educes the stress. The creation of a stop hole and the use of judicious bevelling techniques are modifications in the design of an osteotomy
hat are readily applicable to surgical practice.

2012 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction

he creation of a defect in a section of bone is a com-
on surgical procedure. The osteotomy cuts are typically

reated using a saw, and are primarily in a linear plane.
he meeting point of two cuts acts as a focus for the
oncentration of stress, and under loading this area is
rone to cracks and failure, particularly if there is an

vercut.

In maxillofacial oncological surgical practice these
ssues affect mainly resection of the mandible and the

l Surgeons. Published by Elsevier Ltd. All rights reserved.
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adial osteocutaneous free flap donor site. The marginal
andibulectomy is used for resection of a tumour or, occa-

ionally, osteomyelitis. Retention of an intact mandible is
articularly important to retain function and cosmesis when
omplex reconstruction of a segmental defect is not appro-
riate. The mandible is most susceptible to fracture, usually
n the posterior body, when the height of the remaining bone
s less than 10 mm,1–5 and a marginal mandibulectomy is
sually unsuitable when the resection extends below the
andibular canal.6–9 The incidence of fracture has remained

elatively high at the radial osteocutaneous donor site, and
ypically ranges from 15% to 25% unless the remaining radius
s supported by prophylactic internal fixation with a bone
late at the time of the initial operation.10

Various techniques may be used to improve the design
f the section defect. Bevelling the osteotomy cuts has
een reported to have a marginal strengthening effect, and
ounding out the corners will reduce the creation of foci of
oncentration of stress.4,5,10,11 The “stop drill hole method”
as been used to block the propagation of existing crack lines
uring the maintenance of aircraft and in wider mechanical
ngineering practice,12,13 but is not commonly applied in sur-
ical practice. In previous biomechanical studies in which
e used the sheep tibia model of the radius, we described the

mportant strengthening effect of the various plates available
or prophylactic internal fixation.14,15 Since then we have
pplied the finite element analysis technique1,3 to a computer-
ided design (CAD) model of sheep tibia to reproduce these
xperiments and validate the technique.16 In the present study
e have used it to quantify the relative weakening effects of
ifferent types of osteotomy, and we propose refinements in
urgical practice.

aterials and methods

odels and simulation

he bone CAD model was prepared similarly to previous
odels.1,3 Representative samples of cadaver sheep tibias
ere scanned with a multidetector computed tomography

CT) scanner (Toshiba, Aquilion) using the highest available
patial criteria of 0.551 mm axial resolution and 0.801 mm
lice increment (120 kV, 225 mA s). For same-time online
alidation of the image and field of view we used ImageJ
.42q software (Wayne Rashband, National Institute Health,
ethesda, MD, US). The output data were converted into
high definition CAD model using Scan IP (Simpleware,
xeter, UK) visualisation software, ProEngineer (Paramet-

ic Technology Corporation, Needham, MA, US), and Catia
Simulia, Providence, RI, US) CAD systems. The numerical
nalysis was made using ABAQUS (Simulia, Providence, RI,

S) finite element measurement software. The spatial reso-

ution of the regions of the osteotomy cuts were refined in
ultiple sequential steps by decreasing the size of the inter-

odal distance (varying from 0.2 to 0.1 mm) until there was

h
a
t

ig. 1. Bevelled osteotomy with regions 1 and 2 identified at the confluence
f the end cuts of the osteotomy.

ess than a 5% of difference in stress values compared with
he previous step.

The stress concentrations in terms of the principal stresses
S1, S3) and von Mises stress at the point of contact of the
steotomy cuts were recorded using pure nodal results for
-point bending and torsion, respectively. The cut osteotomy
nds were labelled as regions 1 and 2 (Fig. 1). Relatively
ncreased von Mises and principal stresses (1st and 3rd) indi-
ate greater concentrations of stress and are more likely to
ndicate potential sites of failure.

steotomy design

standard resection defect 4 cm long and 40% in circumfer-
nce was created in the midshaft of the tibia CAD model. Two
asic variations of osteotomy design were studied: a right-
ngled and a 45◦ bevelled osteotomy end cut (Fig. 2a and b).
e then created overcutting defects to mimic two common

urgical errors. The first was a parallel overcut at a right-
ngled osteotomy, which affected both cortices equally, and
he second was an oblique overcut at a bevelled osteotomy
hat affected just one cortex. The depth and width of the over-
uts were 2 mm and 1 mm, respectively (Fig. 2e and d). We
lso tested the strengthening effects of two sizes of stop hole.

stop hole 5 mm in diameter was engaged tangentially to
he perimeter and a 2.5 mm diameter stop hole was engaged
t 90◦ (Fig. 2e and f).

esults and analysis

he highest peak nodal stress values were seen at the conflu-
nce of the osteotomy end cuts in regions 1 and 2 (Fig. 1).
hese sites have been compared as they indicate the most

ikely sites of failure.14,15 The absolute nodal stress val-
es (MPa) are shown in Table 1. The relative stress values
%) for each of the osteotomy designs are also compared
gainst baseline values of 100% for the bevelled and right
ngled osteotomy cuts (Tables 2 and 3). In general the
ighest levels of stress were induced at region 2 in nearly

ll the simulations under both 4-point bending and torsion
esting.
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Fig. 2. Computer-aided design (CAD) model of different osteotomy defects.
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Table 1
Regional peak nodal stress values (MPa) at different types of osteotomy site under bending and torsional loads.

Type of osteotomy Bending (MPa) Torsion (MPa)

Region 1 Region 2 Region 1 Region 2

vM S1 S3 vM S1 S3 vM S1 S3 vM S1 S3

A Right-angled 268 −17 −309 357 −33 −421 442 −43 −514 545 646 64
B Bevelled 216 −24 −257 272 −44 −333 309 −51 −376 382 479 75
C Right-angled + parallel overcut 275 −29 −327 319 −60 −397 277 295 7 322 383 54
D Bevelled + oblique overcut 423 −119 −566 465 −85 −585 520 −74 −634 565 707 100
E Right-angled + tangential bore hole 126 1 −130 151 −2 −157 196 −2 −203 219 227 3
F Right-angled + middle bore hole 184 −8 −198 221 −2 −235 204 209 −1 239 253 8

Vm = von Mises; S1 = 1st principal stress; and S3 = 3rd principal stress.

Table 2
Comparison of relative peak nodal stress values at different types of osteotomy site with bevelled baseline (100%).

Sub model examination Bending Torque

Region 1 Region 2 Region 1 Region 2

Relative strength (% compared with B: bevelled)
Type of osteotomy

A Right-angled 124 131 143 143
B Bevelled 100 100 100 100
C Right-angled + parallel overcut 127 117 90 84
D Bevelled + oblique overcut 196 171 168 148
E Right-angled + tangential bore hole 58 56 63 57
F Right-angled + midldle bore hole 85 81 66 63

F (B) th
o compa
3

F

T
a
o
b
a
c
7
o
2
e
t
(

a

s
p
c
v
c

t
h

T

T

T
C

S

R
T

or example, under bending loads at region 2 the bevelled type of osteotomy
f 100% to compare the different kind of osteotomy at the same region. The
1% higher (131%).

our-point testing

he highest level of von Mises stress values at the right-
ngled osteotomy was 31% greater than at the bevelled
steotomy (357 MPa compared with 272 MPa) (Fig. 3a and
). This stress at the right-angled osteotomy and with a par-
llel overcut was 11% less than without an overcut (319 MPa
ompared with 357 MPa) (Fig. 3a and c). This stress was
1% greater at the bevelled osteotomy with an oblique
vercut than without an overcut (465 MPa compared with
72 MPa) (Fig. 3b and d). These stress values at the bev-
lled osteotomy with an oblique overcut were 46% higher

han at the right-angled osteotomy site with a parallel overcut
465 MPa compared with 319 MPa) (Fig. 3c and d).

The highest level of von Mises stress values at the right
ngled osteotomy with a stop hole was lower than without a

a
o
b
o

able 3
omparison of relative peak nodal stress values at different types of osteotomy site

ub model examination Bending

Region 1

elative strength (% compared with A: right angled)
ype of osteotomy
A Right-angled 100
B Bevelled 81
C Right-angled + parallel overcut 103
D Bevelled + oblique overcut 158
E Right-angled + tangential bore hole 47
F Right-angled + midldle bore hole 69
e peak nodal von Mises stress value has been assigned as the baseline value
rable relative peak stress value at region 2 for the right-angled osteotomy is

top hole; 58% lower with a tangential cut (151 MPa com-
ared 357 MPa) (Fig. 3a and e), and 38% lower with a 90◦
ut (221 MPa compared with 357 MPa) (Fig. 3a and f). The
alues with a tangential cut were 31% less than with a 90◦
ut (151 MPa compared with 221 MPa) (Fig. 3e and f).

Overall, the lowest von Mises stress value was seen with
he right-angled osteotomy with a tangential cut into a stop
ole (151 MPa) (Fig. 3e).

orsion testing

he highest level of von Mises stress values at the right-

ngled osteotomy was 43% greater than at the bevelled
steotomy (545 MPa compared with 382 MPa) (Fig. 3a and
). This stress at the right-angled osteotomy with a parallel
vercut was 41% lower than without an overcut (322 MPa

with right angled baseline (100%).

Torque

Region 2 Region 1 Region 2

100 100 100
76 70 70
89 63 59

130 118 104
42 44 40
62 46 44
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ompared with 545 MPa) (Fig. 3 a and c), but it was 48%
reater at the bevelled osteotomy with an oblique overcut
ather than without an overcut (565 MPa compared with
82 MPa) (Fig. 3b and d). The stress values at the bevelled
steotomy with an oblique overcut were 75% higher than
t the right-angled osteotomy site with a parallel overcut
565 MPa compared with 322 MPa) (Fig. 3c and d).

The von Mises stress values at the right-angled osteotomy
ith a stop hole were lower than without a stop hole, 60%

ower with a tangential cut (219 MPa compared 545 MPa),
nd 56% lower with a 90◦ cut (239 MPa compared with
45 MPa) (Fig. 3a and e). The comparable stress values with
tangential cut were 8% less than with a 90◦ cut (219 MPa

ompared with 239 MPa) (Fig. 3e and f). Overall, the low-
st von Mises stress value was seen with the right-angled
steotomy with a tangential cut into a stop hole (219 MPa)
Fig. 3e).

iscussion

he results of this study are applicable to many aspects of
axillofacial surgical practice. The radial osteocutaneous

ree flap retains a role for the reconstruction of bony defects
f the maxillofacial skeleton, but the incidence of fracture
t the conventional donor site remains relatively high and
s typically between 15% and 25%.8,17,18 A displaced frac-
ure causes appreciable morbidity,19 and this is one factor
hat has contributed to a decline in the popularity of the
steocutaneous flap.8

A bevelled rather than a right-angled osteotomy has been
ecommended for two reasons. Firstly, it may reduce the
eakening effect of the section defect, and secondly it allows
etter visualisation of the osteotomy cut, so that overcut-
ing is less likely.10,11 In a previous biomechanical study,
n which the sheep tibia model of the human radius was also
sed, the level of reduced “stress concentration” at a bev-
lled osteotomy was only 5% less than with a right-angled
steotomy under torsional loading.10,11 In a biomechanical
tudy of the human radius there was a trend towards greater
trength with a bevelled osteotomy under 4-point bending,
ut the result was not significant.11 These effects are rela-
ively small components of the overall weakening effect of
n osteotomy, which is typically a reduction in over 60% of
he original strength of the bone.10,11,14,15 This is primarily
he result of disruption of cortical integrity, and is affected to a
esser degree by the design or extent of the section defect.10,11

his was the rationale that we used when we developed the
echnique of prophylactic internal fixation of the remaining
adius. This type of fixation has become increasingly popular
ver the past decade8,20–24 and has resulted in a reduction in
he reported incidence of fracture to roughly 2–3%.8
Improvements in the design of osteotomy defects may nev-
rtheless have the potential to yield further benefits in residual
trength at the radius and other osteotomy sites. In the current
tudy the stress concentrations at the bevelled osteotomy site

r
r
p
r
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ere 19% (4-point bending) to 30% (torsion) lower than at
he right-angled osteotomy site. The incidence and pattern of
vercutting during an osteotomy is unknown, but it is proba-
ly relatively common. An overcut substantially increases the
oncentration of stress and is likely to lead to failure, partic-
larly if it affects the main load-bearing cross-section. In the
resent study an oblique overcut of one cortex at the sloped
steotomy site (Fig. 3d) had a greater adverse effect on stress
oncentration values under both bending (46%) and torsional
75%) loads than a right-angled osteotomy with two parallel
vercuts (Fig. 3c). Analysis of the pattern of stress concen-
ration indicated that the single deeper cortical cut produced
critical stress-collecting region, while the two parallel over-
uts seemed to share the increased peak stresses. An extensive
eview of the modelling technique supported this as a gen-
ine result, but we have not replicated these tests using a
iomechanical bone study.

The use of a 90◦ or tangential cut into a stop drill hole
ubstantially reduced the concentration of stress at the right-
ngled osteotomy site under both bending and torsional
oading. The two stop holes were of different sizes (2.5 mm
nd 5 mm) but appropriate for clinical practice.

The effect was most pronounced when the larger stop hole
as engaged in a tangential, rather than a 90◦ manner, and
nder bending (32%) rather than torsional loads (8%). This
ay be because more of the load-bearing cross-section is

reserved when the stress is spread across a greater circum-
erence. Further analysis indicated that the relative difference
n the size of the stop hole had a minimal effect on peak stress
alues, as the geometry of stress concentration sites was sim-
lar. It would therefore be a reasonable extrapolation that a
top hole at the bevelled osteotomy site would have a sim-
lar strengthening effect, although this has not been tested.
n clinical practice the stop hole should be created before
he linear osteotomy to minimise the risk of overcutting, and
sing a larger diameter increases the tolerance for incorrect
ngulation of the saw. If an overcut is accidentally created,
hen rounding out in the manner of a tangential stop hole
hould be considered.

In this study we did not use a CAD model of the mandible
ecause we used the validated sheep tibia model, but in future
ll anatomical sites may be modelled and the general princi-
les will still apply. In the only previous similar study that we
now of, in 1995 by Wittkampf et al.,4,5 specimens of cadaver
uman mandible were incorporated in a finite element anal-
sis model, but the methods were less well developed and
ewer variations in osteotomy design were considered. The
esults showed less benefit overall, with a reduction in stress
oncentration of 33% with a 3 mm radius bore hole compared
ith the 58–60% with a 2.5 mm radius stop-hole engaged in
tangential manner, used in the current study. There was a

maller (13% compared with 24–30% in the current study)

eduction in stress concentration with a bevelled rather than a
ight-angled osteotomy cut. These findings are broadly com-
arable and may be related to the use of a 0.5 mm diameter
ounding at the corners of the osteotomy cuts, stop holes
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Fig. 3. Finite element analysis of computer-aided design (CAD) model with peak stress values under 4-point bending and torsional loads.
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ositioned differently, and a less detailed finite element anal-
sis model.

Numerous other osteotomy designs could have been
ncluded in the current study, but would have substantially
xtended the length of computer processing time required.
e therefore selected the design options most likely to be rel-

vant to clinical practice. A comparable biomechanical study
ould be made, but there are shortcomings with this approach
s well. The study would require a number of specimens of
one to be tested as the structural integrity and anatomy of
he bones would be variable, and accurately reproducing the
efect with identical osteotomy designs would be impossi-
le. Additional considerations such as costs, limited time, and
imited access to human material, mean that finite element
nalysis techniques are becoming an increasingly common
ool in biomedical research.

In principle, therefore, when an osteotomy defect is being
reated, the removal of load bearing bone should be avoided
nd the remaining cross-sectional area should be carefully
onsidered, as inappropriate removal of bone weakens the
emaining structure.1,3 However, the judicious use of bevel-
ing and the creation of stop holes have a substantial overall
enefit in reducing peak stress concentration.4,5 These tech-
iques should be considered at both the mandible and radius,
nd other appropriate sites.
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he cuts that are required to create a step osteotomy of the
andible or a section defect are primarily in a linear plane.
he point at which 2 cuts meet is a focus for the concen-

ration of stress and the area is prone to failure. The “stop
rill hole method” has been used to block the propagation
f existing crack lines during aircraft maintenance1 and in
ider mechanical engineering practice, but has not been

ommonly applied to avoid iatrogenic fractures in surgical
ractice. A stop-hole of sufficient diameter will prolong the
ime to fatigue failure under cyclical loading.2

We have developed a finite element analysis technique to
imulate stress levels within bone. We tested the mandible
nder normal biting forces,3 long bones with plate fixation,4

nd differing designs of osteotomy end cuts5 for bending
nd torsional loading. When compared with a baseline right-
ngled osteotomy (maximum stress level 100%), the peak
tress concentration at a bevelled osteotomy was substan-
ially lower (70–81%). It was further reduced when the
orner of a right-angled osteotomy was rounded out with

 stop-hole, which could be entered tangentially (40–47%)
Fig. 1) or at 90◦ (44–69%) (Fig. 2). In contrast, an over-

ut oblique osteotomy (104–158%) substantially increased
he stress concentration and implied a weakening effect.5 A
top-hole at the corner of an osteotomy will therefore have a

∗ Corresponding author. Tel.: +44 01162586953.
E-mail addresses: chrisavery@doctors.org.uk (C.M.E. Avery),

anos@simonovics.hu (J. Simonovics), bujpet@yahoo.co.uk (P. Bujtar).
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trengthening effect and will avoid the potential for creating
n overcut.

The procedure requires no specialist equipment or exper-
ise and the cuts are marked in the conventional manner.
igs. 3 and 4 show a mandibular access osteotomy using

 dental bur to create a stop-hole 3 mm in diameter. The saw
s engaged in the stop-hole and then enters the next stop-hole
n a tangential or 90◦ approach.

When creating an osteotomy defect, the unnecessary
emoval of load-bearing bone should be avoided as it weak-
ns the remaining structure. A right-angled osteotomy that is
udiciously bevelled or rounded with an appropriately sized
top-hole will safely reduce peak stress concentrations. In
ur limited clinical experience an osteotomy with a 3 mm
iameter stop-hole is easier to do than a conventional proce-
ure. This is because the cuts are clearly delineated by the
top-holes, the saw is more easily located to begin the cut,
isualisation is improved, and there is more leeway for error
n completing the cut into another stop-hole. If an overcut is
ccidentally created during a conventional osteotomy, round-
ng out in the manner of a tangential stop-hole should also

e considered.5 The technique is simple and without com-
lication, and is widely applicable to general, and oral and
axillofacial surgical practice.

l Surgeons. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Rounded osteotomy with tangential entry to stop-hole (40–47%
reduction in peak stress concentrations).

F
c

C

T

R

1

Fig. 3. Conventional step osteotomy entered at 90◦. The saw is engaged in
the stop-hole and the cut is made towards the next stop-hole or mandibular
border and alveolus (arrows).

Fig. 4. Mandibular access osteotomy. V-shaped access osteotomy with stop-
hole entered tangentially and at 90◦. The screw holes in the proximal plate
h
c

2

3

4

ig. 2. Stop-hole osteotomy with 90◦ entry (44–69% reduction in peak stress
oncentrations).
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A bone plate is required to restore the load-bearing capacity of the mandible following a segmental
resection. A good understanding of the underlying principles is crucial for developing a reliable recon-
struction. A finite element analysis (FEA) technique has been developed to study the biomechanics of the
clinical scenarios managed after surgical resection of a tumour or severe trauma to assist in choosing the
optimal hardware elements.

A computer aided design (CAD) model of an edentulous human mandible was created. Then 4
common segmental defects were simulated. A single reconstruction plate was designed to span the
defects. The hardware variations studied were: monocortical or bicortical screw fixation and non-locking
or locking plate design. A standardized load was applied to mimic the human bite. The von Mises stress
and strain, spatial changes at the screw-bone interfaces were analysed.

In general, the locking plate and monocortical screw fixation systems were most effective. Non-
locking plating systems produced larger screw “pull-out” displacements, especially at the hemi-
mandible (up to 5% strain). Three screws on either side of the defect were adequate for all scenarios
except extensive unilateral defects when additional screws and an increased screw diameter are rec-
ommended. The simplification of screw geometry may underestimate stress levels and factors such as
poor adaptation of the plate or reduced bone quality are likely to be indications for bicortical locking
screw fixation.

The current model provides a good basis for understanding the complex biomechanics and devel-
oping future refinements in plate or scaffold design.

� 2013 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
Introduction

The creation of a segmental defect of the mandible is dis-
figuring and associated with a significant decrease in oral cavity
and upper airway function. Free tissue transfer has become
ery, University of Oulu, 90650
560.
jtár), janos@simonovics.hu

sandor_george@hotmail.com
very).
uted to the current work and

ociation for Cranio-Maxillo-Facial
established as the optimum method for reconstructing
segmental defects in order to restore bone continuity and
recreate form together with function (Goh et al., 2008; Bak et al.,
2010). The fibula and DCIA composite flaps are most frequently
used whilst the scapula or radial flaps are less commonly
appropriate (Urken et al., 1998; Cordeiro et al., 1999; Avery, 2010;
Bak et al., 2010). A heavy reconstruction plate, or several lighter
plates, is applied to secure the bone element. A single heavy
reconstruction plate without a bone graft may occasionally be
used for a delayed reconstruction or when a pectoralis major
myocutaneous (PMMC) flap is preferred because of advanced
disease and substantial co-morbidity (Salvatori et al., 2007;
Avery et al., 2010; Onoda et al., 2012).
Surgery. Published by Elsevier Ltd. All rights reserved.
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Fig. 2. Young’s modulus at different region across the mandible in an orthoradial di-
rection. Abbreviation: EOR, External Oblique Ridge.
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During the bone healing phase the load-bearing function of the
mandible is partially restored as the hardware shares the load. The
mandible regains functional integrity through bone regeneration
and union, which is driven by the forces of Inter-Fragmental Strain
(IFS) (Perren, 1979). With time the IFS gradually decreases until no
more bone maturation occurs and the strength and rigidity of the
mandible stabilises. Ultimately the plate will act as a parallel load-
bearing element which shields the mandible. The phenomenon of
“stress shielding” is one of the reasons flexible plates of 2.0e
2.4 mm are favoured for reconstruction.

The aimsof this studywere to study the patterns of biomechanical
loading, deformation and stress which occur around the segmental
defects commonly encountered following resection for oral malig-
nancy or occasionally after major trauma. This biomechanical study
used a finite element analysis (FEA) technique developed in our
previous studies (Bujtár et al., 2010, 2012; Sz}ucs et al., 2010; Avery
et al., 2013) which continuously undergoes refinements and valida-
tion. The performance of a uniform single reconstruction plate with
either a locking or non-locking plate anchorage system and mono-
cortical or bicortical screw insertionwas studied.Wewished to gain a
better understanding of the biomechanics at the interfaces between
the screw-plate and the plate-bone. This information will also facili-
tate simulation of a bone scaffold when used for reconstruction.
Perhaps this will improve of the quality of life of the affected popu-
lation (Becker et al., 2012) including the currently available (Ciocca
et al., 2012) and future technologies.

Material and methods

Segmental mandible defects

Standardized osteotomy sites were created to represent 4
common resections (Fig. 1). The unilateral defects were a hemi-
mandibulectomy and body resections. The bilateral defects were
anterior symphyseal and subtotal mandibulectomy resections.

Inter-positional bone flaps

A bone flap has not yet been included within the simulated
segmental defects as there is considerable variability in the di-
mensions and qualities of the different types of bone flaps which
would make it difficult to control various simulation parameters
and may lead to inaccurate and inconclusive results. In addition the
principle loading conditions of the anchoring screws are similar in
the presence or absence of a composite bone flap.

CAD modelling of the mandible

A Cone-Beam Computer Tomography scan (iCAT, ISI, 120 kV,
36mAs, voxel 0.3� 0.3� 0.3mm) of a single humanmandible from
Fig. 1. CAD models of segmental mandible resections with reconstruction plates. The unilat
parasymphysis) resections. The bilateral defects were symphyseal (parasymphysis to parasy
an edentulous 67-year-old female patient was selected (Bujtár
et al., 2010). After pre-processing the input DICOM data (Bujtár
et al., 2012) the 4 segmental defects were reproduced using
modelling in ProEngineer Wildfire 5 (Parametric Technology Cor-
poration, Needham, MA, US) CAD engineering software.

CAD modelling of hardware

A 3 mm generic reconstruction plate was modelled to fit the
outer cortical surface of the simulated mandible. We acknowledge
that plating systems have variable profiles. Three screws either side
of the defect were inserted with the closest 10 mm from the
osteotomy defect. The screw geometry was simplified in to a cy-
lindrical shape of 2 mm external diameter. This fixation either
engaged the full width of the outer bone cortex (monocortical) or
both the inner and outer cortices (bicortical).

Mechanical modelling by finite element analysis

Themechanical properties of the bonemodels were determined
in two steps. Firstly, the apparent specific gravity [kg/m3] of each
element was calculated by linear association with the Hounsfield
Units (HU) of the CBCT image (Eq. 1). Then the Young’s (elastic)
modulus was defined using the logarithmic correlation with bone
density [g/cm3] (Eq. 2.) as described in our previous studies (Bujtár
et al., 2010, 2012; Sz}ucs et al., 2010; Avery et al., 2013).

Density : r ¼ 1:14264�HUþ 309:4935
h
kg=m3

i
(1)

Young Modulus : E ¼0:024� r1:777½MPa�
�MPa ðMegapascalÞ ¼ 1� 106

(2)

Isotropic, linear elastic elements composed of non-homoge-
neous tetrahedral units were used to represent the bone structure.
eral defects were hemimandibulectomy (coronoid to parasymphysis) and body (angle to
mphysis) and subtotal mandibulectomy (angle to angle) resections.



Table 1
Maximum von Mises stress [MPa] and strain [%] levels within the bone around the fixation screws.

Defects Simulation
variables

Non-loaded (right) side Loaded (left) side

Screw 1 Screw 2 Screw 3 Screw 4 Screw 5 Screw 6

Screw Plate von
Mises

Strain von
Mises

Strain von
Mises

Strain von
Mises

Strain von
Mises

Strain von
Mises

Strain

Hemimandible Bi Non-lock 61 0.390 31 0.550 67 0.503 301/967 L4.969/L4.026 180 �1.620 93 0.062
Mono Non-lock 97 0.383 43 0.630 70 0.600 323/1188 L4.555/L3.786 155 �1.432 94 0.089
Bi Lock 53 0.008 47 0.016 83 0.065 187/575 L0.015/L0.038 155 0.065 81 0.010
Mono Lock 52 �0.030 28 0.001 72 0.002 204/245 L0.061/L0.066 130 0.012 81 �0.004

Body Bi Non-lock 115 0.490 35 0.597 110 0.181 71 �0.591 33 0.237 99 0.409
Mono Non-lock 108 0.691 35 0.648 114 0.103 86 �0.557 20 0.180 95 0.377
Bi Lock 24 0.004 30 0.015 121 0.218 60 �0.003 103 0.033 67 0.011
Mono Lock 20 �0.003 28 0.008 107 �0.022 58 �0.030 82 0.011 60 �0.003

Symphyseal Bi Non-lock 53 0.254 28 0.243 79 �0.178 76 �0.071 38 0.265 147 0.371
Mono Non-lock 45 0.272 27 0.246 75 �0.162 65 �0.012 42 0.257 116 0.333
Bi Lock 47 �0.013 34 �0.002 61 �0.013 62 0.009 94 0.040 87 0.026
Mono Lock 36 0.007 26 0.016 55 �0.012 56 �0.006 75 0.017 49 0.009

Subtotal Bi Non-lock 82 �0.328 18 �0.210 97 �0.291 136 �0.010 36 0.255 103 0.103
Mono Non-lock 83 0.257 20 0.264 83 0.061 119 �0.117 47 0.261 92 0.210
Bi Lock 31 �0.005 25 0.007 84 0.032 102 0.049 27 �0.003 26 �0.012
Mono Lock 29 �0.001 22 0.004 69 �0.002 99 �0.012 26 0.003 22 �0.001

The simulation settings column contains three columns: the type of segmental defect (vertically), depth of screw engagement; either bicortical or monocortical and the type of
connection between the plate and screw: either non-locking or locking.
The “Pull-out” strain was defined as the percentage of screw head displacement along the longitudinal axis under loading (composed of screw elongation and displacement
at the bone-screw interface) compared to the non-loaded distance between the screw head and inner lingual cortical surface.
A positive strain value means the screw is pushed along the longitudinal axis toward the inner cortex whilst a negative value indicates a screw being “pulled out”.
Screw number 4 in the hemimandible defect has two values. The first value represents the cylindrical screw result and the 2nd value is the refined screw thread geometry
(validation).
Abbreviations: bi, bicortical; mono, monocortical; non-lock, non-locking; lock, locking; von Mises, von Mises (peak) stress [MPa]; strain, deformed length/original length
when loaded and converted in to a % value.
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The assigned Young’s modulus across four distant mandible regions
in an orthoradial direction are being presented (Fig. 2) as samples,
while the uppermost (stiffest) elements within the bone model
were approximately 20 GPa. The Young’s modulus of the titanium
hardware was set to a standard value of 105 GPa with a Poisson
ratio of 0.3 (Bujtár et al., 2012; Avery et al., 2013).

Assembly interfaces

The mandible models were assembled in Marc 2007 (MSC
Software, USA). The plate-screw interface was set as locking if
movement between the structures was prohibited, due to inter-
locking structures. A non-locking plate-screw interface was simu-
lated by allowing each screw to transmit a preload force, creating a
resting tension between the plate and bone, which was built-up
during insertion and quantified by a torque value. In practice, the
preload force retains a friction (grip) between the plate-screw-
bone interfaces.

A “bond” type connection was applied at the locking screw-
plate interface and at all bone-screw interfaces with cylinder
screw geometry. A “friction” grip connection with a coefficient of
0.3 was applied at all non-locking screw-plate interfaces and when
bone to plate contact occurred during the simulation (Ramos et al.,
2011).

Test simulations

A single simulation scenario was designed to represent unilat-
eral biting on the 1st molar tooth with a force of over 400 N (Bujtár
et al., 2010; Sz}ucs et al., 2010).

There were 16 standardised and 4 additional refined sets of
simulation (Table 1). ThemaximumvonMises (sv) stress values and
“pull-out” strain values at the bone-screw interfaces were recorded
and used as a predictor of longer-term stability. The sites of highest
peak stress levels were considered to represent potential weak
points.
Statistical analysis

Conventional statistics are not applicable as the mathematical
model will yield the same result with each test scenario unless the
parameters of the model simulation are altered. It is not possible to
have a control group so the simulation validation process acts as the
method for controlling the quality of the outcomes. Variable factor
analysis was applied as this is the method of choice in design en-
gineering and FEA to show a trend supporting the significance of an
individual variable (Dar et al., 2002). Results are arranged by rank
order as in our previous studies (Bujtár et al., 2012; Avery et al.,
2013).

Results

Bone-screw interface

The peak stress and strain (“pull-out”) values at each screw-
bone interface are tabulated in Table 1 and Figs. 3 and 4. The re-
sults are listed in rank order using the mean stress and strain levels
in Table 2.

In general, monocortical (20e204 MPa and 0.001e0.061%) and
then bicortical (24e187 MPa and �0.002 to 0.218%) screw fixation
in combination with a locking plate yielded the lowest peak stress
and strain values. Whilst the non-locking plating systems with
either monocortical (20e323 MPa and �0.012 to �4.555%) or
bicortical (18e301 MPa and �0.01 to �4.969%) screw fixation
developed both higher peak stress and strain values at all types of
defect. The exceptionwas the hemimandible defect (screw position
number 4 which developed higher peak stress and strain levels
under all test scenarios (Figs. 3e7 & Table 2)).

Validation and refined simulations

The screw in position number 4 of the hemimandible resection
was considered a critical area as it demonstrated the highest (peak)



Fig. 3. Bone stress (Maximum von Mises) values distribution around the (cylindrical) screw. Abbreviations: bi, bicortical; mono, monocortical; non-lock, non-locking; lock,
locking; von Mises, von Mises (peak) stress [MPa]; strain, deformed length/original length when loaded and converted in to a % value.

Fig. 4. Pull-out displacement of the fixation screw relative to bone (strain). The Y-axis is a logarithmic scale. Bars with uniform colour represent a positive value as the screw is
pushed in toward the inner cortex whilst those with a colour gradient indicate a screw being “pulled out”. Abbreviations: bi, bicortical;mono, monocortical; non-lock, non-locking;
lock, locking; von Mises, von Mises (peak) stress [MPa]; strain, deformed length/original length when loaded and converted in to a % value.
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levels of strain (up to �4.969%) and von Mises stress (up to
323 MPa) (Fig. 6). A more detailed submodel was created to further
investigate the biomechanics around this screw. A generic screw
thread pattern was replicated with a 2.4 outer and 1.7 mm core
diameter. The differences in the simulated loading condition be-
tween the simplified and refined screws-bone models are pre-
sented in Fig. 7. The “pull-out” (strain) values of the screw were
used as validation criteria. These values were expected to be in a
similar range when using the detailed geometry and a more real-
istic “friction” type interface connection. The elevated stress levels
highlighted critical sites where the bone might be expected to fail.
All results are listed in Table 1 and Fig. 5.

Discussion

The use of CAD and FEA techniques has become established as
the industry standard in engineering. These simulation techniques
Table 2
Rank order of the fixation systems based on mean strain or “pull-out” and stress criteria

Fixation type Hemimandible Body Symphyseal Su

Rank order strain or “pull-out” values [%]

Mono/lock 1 (�0.013) 1 (�0.006) 1 (0.005) 1 (
Bi/lock 2 (0.027) 2 (0.047) 2 (0.008) 2 (
Bi/non-lock 4 (0.847) 3 (0.221) 3 (0.147) 3 (
Mono/non-lock 3 (�0.714) 4 (0.240) 4 (0.156) 4 (

Abbreviations: bi, bicortical; mono, monocortical; non-lock, non-locking; lock, locking;
when loaded and converted in to a % value.
have been increasingly applied within the mid and lower facial
regions in reconstructive plastic and maxillofacial surgery to study
the effect of ageing (Bujtár et al., 2010), oral surgical procedures
(Sz}ucs et al., 2010), osteotomy designs (Bujtár et al., 2012), fixation
methods following marginal resections (Avery et al., 2013) and
reconstruction plates (Kimura et al., 2006; Nagasao et al., 2010). The
outcomes of mathematical simulations are dependent on the
quality of the models and unrealistic simulations will always give
unrepresentative results. In the current model we applied a greater
level of fidelity, which is more realistic and descriptive, than pre-
viously reported in the medical literature to ensure the integrity of
the simulations.

The aim of this paper is to improve our understanding of the
optimal biomechanical characteristics required for plate and
screw fixation and so reduce the incidence of complications
encountered in clinical practice. The literature on general, rather
than just biomechanical, complications associated with
.

btotal Hemimandible Body Symphyseal Subtotal

Rank order stress values [MPa]

�0.001) 1 (94.5) 1 (59.2) 1 (49.5) 1 (44.5)
0.011) 2 (101.0) 2 (67.5) 3 (64.2) 2 (49.2)
�0.080) 3 (122.2) 4 (77.2) 4 (70.2) 4 (78.7)
0.156) 4 (130.3) 3 (76.3) 2 (61.7) 3 (74)

von Mises, von Mises (peak) stress [MPa]; strain, deformed length/original length



Fig. 5. Bone stress around the refined screw thread (top halves, longitudinal cross-cut) at screw number 4 in the hemimandible defect. The colour scale represents the von Mises
stress values in a linear fashion (up to 183.3 MPa) with red representing the greatest values (approximately 1000 MPa). The von Mises maximum stress levels are indicated.
Abbreviations: bi, bicortical; mono, monocortical; non-lock, non-locking; lock, locking; von Mises, von Mises (peak) stress [MPa].
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mandible reconstruction indicates that both mini-plates and
reconstruction plates have a similar incidence of complications
when managing fractures of the mandible (Ellis, 1999;
Rudderman et al., 2008) or segmental defects (Shaw et al.,
2004). In a meta-analysis and review of the tension-band
concept the use of bicortical rather than monocortical screws,
heavier hardware or the application of more than a single mini-
plate all significantly increased the rate of complications for a
variety of reasons (Regev et al., 2010). Radiotherapy given
both before (Schwarz et al., 2009) or after (Tchanque-Fossuo
et al., 2011) the bone regeneration phase also increases the
incidence of complications in a dose-dependant fashion (Fregene
et al., 2009). Using in-vivo experimental models this has been
shown to be partially related to detrimental changes to the
Fig. 6. Non-loaded (grey colour) and loaded (coloured) position of the reconstructed
mandible. Colouring representing von Mises stress distribution.
biomechanical properties of the bone at the screw-bone inter-
face and may be reversible with the application of deferoxamine
(Donneys et al., 2013).

When considering different plating systems it is important to
distinguish between load-bearing (LB) and tension-band (TB)
concepts. In a tension-band simulation (concept) the screws are
mainly loaded along the longest dimension of the plate. In contrast
in a load-bearing model this directional load is less critical as the
screws are primarily loaded along the longitudinal axis of the screw
(“pull-out”) and the remaining axis of the screw. The most
frequently investigated variables have been the number, length and
core diameter of the screw. It is generally accepted that 3 screws on
either side of a defect are the minimum number required for
effective load-bearing (LB) anchorage (Ellis and Miles, 2007). The
use of additional screws has not been shown to have a substantive
benefit with either a 2.0 mm dynamic compression screw system
(TB) (Haug, 1993a) or a non-locking heavy reconstruction plate (TB)
(Haug, 1993b; Leung and Chow, 2003). However, the spatial dis-
tribution of screws with a load-bearing concept may be important
(Gautier and Sommer, 2003). The screw length is a minor factor
when the plate is applied using tension-band principles (Haug,
1993a). An adequate screw length is defined as sufficient engage-
ment to achieve good bone purchase and the width of the outer
cortex of the mandible will usually be adequate (Schwartz-Dabney
and Dechow, 2003).

It has become increasingly common to use monocortical screws
together with locking plating systems (LB) at many anatomical
sites, including the mandible, and this work supports this practice.
Bicortical screw fixation systems may have advantages at peri-
articular sites, with osteopenic bone (Koonce et al., 2012) and
especially with a poorly adapted plate. In general when there is
relatively elastic bone, osteopenic bone, or when screw positioning
is compromised because of joint proximity there is increasing
benefit from the comparatively rigid fixation offered by a locking
system to reduce screw loosening during cyclic loading (Koonce
et al., 2012). When there is good quality bone available or bone
elasticity is lower (older population), but not osteopenic, then a



Fig. 7. The differences (geometry and design) and similarities (stress distribution, displacement and strain) of the simplified (left) and refined (right) screw models (the same views
from below). The colour scales represent the von Mises stress distribution under standardized loading. The top images indicate the non-loaded fully adapted plate position [grey]
and displacement under loading [coloured]. The middle images show the loaded position only. The bottom images highlight the differences between the simplified cylindrical screw
and the threaded screw geometry under loading.
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semi-rigid non-locking fixation system is acceptable (Koonce et al.,
2012).

A 2.0 mm screw (TB) is most commonly used in maxillofacial
practice. Increasing the screw diameter can minimise stress (LB
with a potential 3.7 fold decrease stress around the screw) (Knoll
et al., 2006). However, when two locking systems (LB) [THORP�
4.0 mm and UniLOCK� 2.4 mm] were compared in a human follow-
up cohort there was no apparent benefit with greater screw
diameter (Gellrich et al., 2004). Screw related complications may
occur more often in lighter plating systems bridging small defects
(Lindqvist et al., 2001) and plate related complications more
frequently with heavier plates spanning longer defects (Gellrich
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et al., 2004). This is consistent with the current study as the level of
stress with a locking system, even with small diameter screws, is
unlikely to reach a non-physiological level. However, as a wider
range of screw sizes are now often available for the same recon-
struction plate this is now an option to be considered. A poorly
adapted plate will have a greater weakening effect with a non-
locking system (Ahmad et al., 2007; Schupp et al., 2007). Bone-
plate interface distances over 2 mm also significantly compromise
the stability of locking connections, evenwhen engaged bicortically
(Ahmad et al., 2007; Schupp et al., 2007). In the current study the
absolute strain values with the monocortical locking screws were
lowest, although in practice these screws would be “pulling out” at
10 of the 24 screw positions. In contrast the bicortical locking
system had fewer negative strain values (5 out of 24) meaning
screw “pull-out” was less frequent (Table 1, Fig. 4). In clinical
practice “pulling out” of a screw is far more destabilizing than a
screw being “pushed in”. The reconstruction plate in the current
simulation was tightly fitted to the cortical surface but this close
adaptation may often be difficult to achieve in clinical practice,
even with a preformed plate, and hence this model does not yet
accurately represent all clinical scenarios.

The strain theory of bone regeneration states that primary bone
union occurs with an IFS value of less than 2% and secondary
healing with callus formation between 2 and 10 (Perren, 1979). In
this simulation the IFS strain levels were generally below 2%, and
closer to 0.25% for locking systems. This indicates that both non-
locking and locking systems are suitable to prevent initial screw
loosening. The number 4 screw closest to the osteotomy defect in
the hemimandible resection (Figs. 4e7) had the highest level of
strain (4.6% or 0.8 mm “pull-out”) with a non-locking system and
an increased screw diameter or insertion of additional screws may
be beneficial in this situation. The remaining segmental defects can
be safely restored using either locking or non-locking systems. The
reduced strain values with the locking system indicate that longer-
term integrity is likely to be superior with a locking plate when a
load-bearing function is managed with a single reconstruction
plate alone. In free tissue transfer procedures some surgeons prefer
to use multiple lighter (2.0 mm) plates to share the load, eliminate
the difficulty of adapting a larger heavier plate and provide greater
flexibility for access to the microvascular site. This study has not
investigated the biomechanical features of this latter form of
reconstruction but is a basis for future work.

The level of von Mises stress values around all screws was
within an acceptable range (less than 200 Mpa) apart from the
number 4 screw in the hemimandible defect. In some areas the
peak stress was as high as 1188 MPa and this would be expected to
precipitate local bone necrosis with loosening. There was an in-
crease in stress levels of nearly 300% when using a screw thread
simulation rather than the original simplified cylinder geometry
(1188 versus 323 MPa) and this finding underlines the importance
of a detailed simulation or refinement based validation process.

Conclusion

In conclusion, monocortical locking plate and screw systems are
generally recommended for the reconstruction of segmental de-
fects of the mandible, and especially when bone quality is poor,
such as following irradiation. Bicortical screw fixation together
with a locking plate had no apparent biomechanical benefit in the
scenario of a well-adapted plate secured to good quality bone.
However, if this situation may not be achieved in clinical practice
then bicortical fixation should be considered. Non-locking systems
generated substantially greater levels of stress in all scenarios and
are a less preferable option which may be more likely to fail at a
later stage. The number of individual variables in these simulations
is high and our understanding of the complex biomechanics at all
sites remains incomplete. Future studies will investigate the effects
of factors such as; increased screw preload (tightening), variable
bone quality, bone-plate interface distances, lighter plates or the
presence of a supporting scaffold. The validity of assumptions
within the bone model will be mechanically tested and verified
using cadaver studies as we seek to develop this technique.
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Abstract. Insertion of a percutaneous endoscopic gastrostomy (PEG) was attempted
on 225 occasions, mainly for oral malignancy. Seventy-five percent (169/225) were
inserted at the time of definitive surgery. There were significant incidental findings
during 5% (11/225). The rate of successful insertion was 97% (219/225). The
incidence of minor complications was 12% (26/225) and major complications 3%
(7/225). There was no procedure-related mortality. The 30-day mortality rate,
including those with terminal malignant disease, was 6% (14/225). An increased
risk of death was associated with age of 65 years and over (P = 0.004). The median
PEG duration was 337 (SE 31) days. Duration was significantly longer for stage T3–
4 tumours (P = 0.028), N1 or greater neck disease (P = 0.034), following surgery
with radiotherapy when compared to surgery alone (P < 0.001), particularly
glossectomy (P = 0.038) and maxillectomy procedures (P = 0.003), after two
separate surgical procedures and radiotherapy (P = 0.046) and following a
composite bone resection (P = 0.031), or radiotherapy alone when compared to
surgery alone (P = 0.003). There was no relationship to the type of flap used for
reconstruction. Four patients have a long-term PEG. Only two patients did not use
the PEG. The early insertion of a PEG in all patients undergoing free or pedicled flap
reconstruction appears to be appropriate. The PEG procedure may be safely
performed by an appropriately trained maxillofacial surgeon.
Key words: gastrostomy; percutaneous; oral
malignancy; head and neck cancer; complica-
tions; morbidity; maxillofacial.
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A percutaneous endoscopic gastrostomy
(PEG) is often the method of choice for
the enteral feeding of patients with head
and neck malignancy. It was initially used
mainly with end-stage disease13, but is
now more commonly inserted whenever
nutritional support is required for more
than 2–4 weeks. The indications include
painful or ineffective mastication or swal-
lowing, oropharyngeal and oesophageal
obstruction, and supplemental nutrition
after surgery and during chemotherapy
and radiotherapy. The ethical issues sur-
rounding insertion of a gastrostomy, par-
ticularly when an illness may be in the
s. Published by Elsevier Ltd. All rights reserved.
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terminal phase, are complex. The thera-
peutic goals that may be achieved should
be carefully considered together with the
views of the patient23. An algorithm for
assisting in the decision-making process
has been published27 (Fig. 1). A PEG
should only be inserted for patients likely
to derive physiological benefit from nutri-
tional supplementation and respond to
cancer treatment. It should not be offered
when life expectancy is less than 2 months
or if no improvement in the quality of life
may be expected. If there is doubt a trial
period with a nasogastric tube may be
appropriate.

The PEG is commonly inserted by a
gastroenterologist40 or a gastrointestinal
or general surgeon3,5,6,13. It is occasionally
inserted by a specialist nurse22, otolaryn-
gologist12,17,37 or maxillofacial surgeon18.
A radiologically inserted gastrostomy
(RIG) or percutaneous radiologic gastro-
stomy (PRG) has less commonly been
inserted39 using a variety of guidance
techniques.

The gastrostomy may be performed
under local anaesthetic, with or without
sedation, or under a general anaesthetic.
The various methods of gastrostomy inser-
tion, and their relative merits and compli-
cations have been comprehensively
reviewed22,31,32. Most of the literature is
composed of retrospective cohort studies.
There are few prospective studies of the
PEG technique and most deal with the
issue of nutritional support for dysphagia
after a cerebrovascular accident. To the
authors’ knowledge, there have been only
two series by a single surgeon that have
dealt with the management of head and
neck oncology patients and these were
both retrospective studies3,13. This paper
describes the experience of a maxillofacial
surgeon in the only prospective observa-
tional study in the head and neck litera-
ture.
Table 1. Patient data and indications for attempted PEG insertion (n = 225)

Number of patients 206
Male:female 130:76
Mean age in years (SD)* 62 (14)
Malignant tumoury 206
Replacement only 10
Facial fractures 3
Benign tumour 2
Severe dysplasia 1
Osteoradionecrosis 1
Secondary reconstruction 1
Neurological deficit 1

* Age at time of first PEG for those with more than one PEG.
y Including second tumour or recurrent disease.
Materials and methods

The ‘pull’ technique of PEG insertion

The surgeon used the conventional ‘pull’
technique30 and the Freka1 (Fresenius
Kabi Ltd, UK) feeding system with a size
9 Fr tube. The upper gastrointestinal tract
was examined as far as the proximal duo-
denum with an Olympus (Keymed Ltd,
UK) double-lumen or paediatric size gas-
troscope. Antibiotic prophylaxis with
1.5 g of cefuroxime was given at the
induction of general anaesthesia. The
abdomen was palpated to detect organo-
megaly prior to insufflation. The orophar-
ynx was thoroughly suctioned. Contact
between the equipment and the tumour
was avoided by shielding the tumour with
a hand. The gastrostomy site was selected
with a combination of transillumination
and palpation. The most favourable angle
for insertion of the trocar created a well-
defined indentation of the stomach wall.
Indentation is more important than tran-
sillumination, which is often unsatisfac-
tory. If indentation is equivocal then the
‘safe tract’ technique has been advo-
cated26. A syringe of water is advanced
while aspirating. If air enters the syringe
before reaching the stomach then it has
punctured another hollow viscous and an
alternative site should be selected. In the
guidelines of the British Society of Gas-
troenterology24 it is recommended that all
three techniques be successfully applied.
This surgeon tends to use the aspiration
technique only if the procedure is compli-
cated, for example by obesity or previous
abdominal surgery. If there is doubt about
the safety of the procedure then a radi-
ologically guided gastrostomy should be
obtained. A second-look gastroscopy was
always performed and the stomach
decompressed. All patients were com-
menced on an antacid drug and given
30 ml of sterile water per hour overnight,
via the PEG, before feeding was com-
menced, usually within 24 h of surgery.
Study method

Data were prospectively collected and
included: patient details, the stage and site
of the tumour, the timing of insertion and
removal, duration of procedure, incidental
findings, the surgical procedure, adminis-
tration of radiotherapy with or without
chemotherapy, and complications. If indi-
cated, radiotherapy was usually given
after surgery.
Statistical analysis

Kaplan–Meier survival methods were
used to estimate the percentage of cases
with a PEG still in place after 1 year and
the median duration. PEG duration was
calculated as the number of days from
insertion to either (a) removal, (b) patient
death with the PEG in place or (c) 10
February 2007. For patients having more
than one PEG, but a continuous period of
use, the duration was computed from the
date of initial insertion. The log-rank test
was used to compare PEG duration curves.
Results

Insertion of a PEG was attempted on 225
consecutive occasions in a total of 206
patients between May 2000 and January
2007. There was a minimum period of 30
days’ follow up. During this study three
patients preferred to have a nasogastric
tube, of which one subsequently required
a PEG during radiotherapy treatment. One
patient was referred for a RIG because of a
previous oesophagectomy. The patient
data are tabulated in Table 1. The main
indication was malignant disease of the
oral cavity. Sixteen oncology patients,
who had their initial PEG and surgical
treatment performed at Leicester, had
the gastrostomy replaced either because
of a second tumour, recurrent disease,
leakage or disintegration of the tube, of
which 10 had continuous use that ranged
from 205 to 2284 days. Two patients did
not use the PEG, of which the first recov-
ered quickly after surgery and the second
received only palliative care.

Seventy-five percent (169/225) of inser-
tion procedures followed the tracheost-
omy at the time of definitive surgical
treatment (Table 2). The median proce-
dure time was 10 min. The rate of success-
ful insertion was 97% (219/225). One
patient had a successful insertion at a
second separate attempt, with a paediatric
gastroscope, because of an oesophageal
stricture. A RIG was obtained for two
patients because of a post-cricoid web
and morbid obesity. There were incidental
endoscopic findings during 11% (24/225)
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able 4. Complications of PEG insertion

ajor complications
Aspiration 0
Peritonitis 0
Dislodged tube passed per rectum 2
Tube migration into gastric wall* 2
Perforation 0
Gastrocolic fistula 0
Haemorrhage 2
Major infection 0
Tumour implantation 0
Large pneumoperitoneum 1

inor complications
Peristomal wound infection 15
Peristomal bleed 1
Peristomal leakage 4
Tube obstruction or fragmentation 6**

Tube migration in to small bowel 0

ased on SCHAPIRO & EDMUNDOWICZ
32.

* Buried bumper syndrome.
** One additional patient excluded as initial

EG inserted elsewhere.

Table 3. Incidental findings during endo-
scopy (n = 225)

Post-cricoid web 1*

Barratt’s oesophagus 1*

Oesophageal adenocarcinoma 1*

Oesophageal stricture 3*

Benign oesophageal lesion biopsy 3*

Gastro-oesophageal reflux 1
Hiatus hernia 1
Gastritis 10
Benign gastric ulcer biopsy 2*

Retained suture at gastric resection site 1
* Significant clinical finding.

Table 2. Success rate and timing of attempted insertion of PEG (n = 225)

Successful PEG insertion 97% (219)
Failed PEG insertion 3% (6)
At examination under anaesthesia 19% (42)
At definitive surgical procedure* 75% (169)
After definitive surgical procedurey 5% (12)
During radiotherapy treatmentz <1% (1)
Neurological indication <1% (1)
Median duration of procedure in minutes (IQR, range) 10 (8–12, 4–21)

IQR: interquartile range.
* Includes facial trauma (3).
yDefinitive surgery elsewhere (1) and replacement only (10).
z Initially refused PEG insertion.
of gastrostomies, of which 11 (5%) were
significant (Table 3).

The incidence of minor complications
was 12% (26/225) (Table 4). A clinically
detectable infection occurred at 7% (15/
219) of gastrostomy sites, of which seven
were infected with methicillin-resistant
Fig. 1. Algorithm for gastrostomy insertion (ba
Staphylococcus aureus (MRSA). The inci-
dence of major complications was 3% (7/
225) (Table 4). There was no mortality
directly related to the PEG procedure. One
elderly patient with a large pneumoperi-
toneum and phrenic nerve injury suc-
cumbed to a chest infection exacerbated
by these complications. The overall 30-
day mortality rate after an insertion pro-
cedure was 6% (14/225). This included
patients with terminal malignant disease.
Within the malignancy subgroup that had
undergone major surgery, mostly for
advanced disease, the 30-day mortality
rate was 5% (10/191). Those at increased
risk of death were 65 years and over (12%
vs. 2%, P = 0.004).

The PEG durations were analysed with
regard to age, stage of disease, type of
resection and reconstruction, and modality
of treatment. The median duration was
sed on RABENECK et al.27).
T

M

M

B

P

337 days (SE 31). Duration was not sig-
nificantly different for those less than 65
years of age (P = 0.324). Duration was
significantly longer for stage T3–4 disease
(P = 0.028), N1 or greater neck disease
(P = 0.034) and following surgery with
radiotherapy when compared to surgery
alone (P < 0.001) but not when compared
to radiotherapy alone (P = 0.179) (Table 5
and Fig. 1). Duration was also signifi-
cantly longer for radiotherapy alone when
compared to surgery alone (P = 0.003).
The radiotherapy alone group were pri-
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Table 5. Differences in median PEG duration between treatment and operation subgroups

Variable
Median (SE) duration

of PEG in days Variable
Median (SE) duration

of PEG in days
Statistical significance

log-rank test

T1–2 281 (38) T3–4 441 (85) P = 0.028
N0 291 (59) N1 and greater 441 (143) P = 0.034
Surgery and radiotherapy 366 (74) Surgery alone 211 (29) P < 0.001
Radiotherapy alone 50% survival not reachedSurgery alone 211 (29) P = 0.003
2 separate surgical procedures

and radiotherapy
713 (437) Surgery alone 211 (29) P = 0.046

Primarily soft-tissue resection 274 (33) Primarily composite
bone resection

363 (23) P = 0.031

Patients receiving additional chemotherapy are included within the radiotherapy group.
marily T3 or T4 oropharyngeal tumours,
or the patient was not fit for surgery.

There was no statistically significant
difference between operation subgroups
with at least six patients within the surgery
Table 6. Relationship between duration of PEG

Proce
(n

Age less than 65 years 108
Age 65 years and over 98

T1–2 85
T3–4 105

N stage 1 or greater disease 83
N0 stage disease 106

By treatment modality and operation
Surgery and radiotherapy 107
Glossectomyy 18
Hemimandibulectomy 15
Anterior floor of mouth � rim resection 11
Anterior mandibulectomy 6
Oropharynx 13
Partial and hemimaxillectomy 12
Buccal resection 7
Multiple sites of resection 6

Two separate surgical procedures
and radiotherapy

7

Surgery alone 77
Glossectomyy 34
Hemimandibulectomy 9
Anterior floor of mouth � rim resection 12
Partial and hemimaxillectomy 10

Radiotherapy (no surgery) 13

By principle type of resection
Primarily soft-tissue resection 114
Anterior floor of mouth � rim 23
Glossectomyy 52
Oropharynx 16
Buccal 11
Retromolar � rim 6

Primarily composite bone resection 64
Hemimandibulectomy 30
Partial and hemimaxillectomy 22
Anterior mandibulectomy 8

Includes oncology patients with osteoradionecros
nasogastric tube (3), lost to follow up (1), initia
amenable to subclassification.
yGlossectomy includes hemi, partial and sub
with radiotherapy group and within the
surgery alone group (Table 6). For glos-
sectomy (P = 0.038) and maxillectomy
procedures (P = 0.003), the median dura-
tion was significantly longer with surgery
placement and other factors for oncology proce

dures
)

% (SE) with
PEG after
12 months

Median (SE)
duration of

PEG in days
Ind

durati

43 (5) 300 (49)
45 (7) 363 (48)

39 (6) 281 (38)
51 (6) 441 (85)

52 (6) 441 (143)
39 (6) 291 (59)

49 (6) 366 (75)
45 (14) 366 (110)
44 (14) 363 (32)
41 (16) 212 (30)
50 (25) 257 (225) 46*, 70*,
51 (14) 308 (119)
60 (16) 713 (347)
67 (19) 503 (143) 281, 360, 50
60 (22) – 232*, 246, 35

57 (19) 713 (437) 134, 246, 295

27 (7) 211 (29)
32 (10) 208 (33)

– – 5*, 7*,
11330 (17) 166 (82)

0 (–) 112 (15)

51 (19) 50% survival
not reached

38 (5) 274 (33)
37 (11) 206 (33)
37 (8) 226 (10)
48 (13) 308 (138)
51 (18) 503 (124)

0 (–) 211 (131) 25*, 57,

49 (8) 363 (233)
51 (13) 337 (31)
45 (14) 357 (109)
50 (20) 257 (203) 46*, 70*, 74, 8

is (1), secondary reconstruction (1) and severe dy
lly unsuccessful insertion (1) and subgroups wi

total glossectomy. *PEG in place at death or on
and radiotherapy when compared to sur-
gery alone. The limited numbers prevent
statistical testing within other subgroups.
Four patients had undergone either exten-
sive resection1, multiple sites of resection2
dures (n = 206)

ividual PEG
on (<10 cases)

74, 257, 262*, 749

2*, 503, 897*, 2284*
8*, 383*, 1016*, 2131*

, 502*, 713, 749, 2284*

9*, 17*, 28*, 75*,
*, 385*, 541*

91, 211, 229, 274

5, 257, 262*, 338*, 749

splasia (1). Excludes oncology patients with a
th less than six procedures or procedures not

10 February 2007.
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Fig. 2. Duration of PEG by modality of treatment.
or two separate surgical procedures with
radiotherapy1, and had a PEG in place for
over 1000 days that is unlikely to be
removed.

Patients who underwent two separate
surgical procedures and radiotherapy
had longer durations on average than those
having a single surgical procedure
(Table 5, P = 0.046) but the duration
was similar to those undergoing a single
surgical procedure and radiotherapy
(P = 0.975). The duration following a pri-
marily soft-tissue resection was signifi-
cantly shorter than after a composite
bone resection (P = 0.031) (Table 5 and
Fig. 2). Reconstruction of the oral cavity
or pharynx was performed with a variety
of techniques. The free flaps included
radial (102), deep circumflex iliac
artery23, fibula11, rectus abdominus11

and composite radial7 flaps. Pedicled flaps
used included pectoralis major14 and tem-
poralis2 flaps. Primary wound closure or
skin grafting11 was also used. There was
no obvious relationship between the type
of free or pedicled flap and duration of the
PEG. Flaps used for only extraoral defects
were excluded from this analysis.
Discussion

The rate of successful PEG placement in
the current study of 97% is comparable
with a large meta-analysis of the gastro-
enterological literature by WOLLMAN

et al.40 (95.7%) and current head and neck
practice (90–98.5%)3,5,12,17,18,37,38. The
majority of patients with common gastro-
intestinal pathology, including partial gas-
trectomy, were successfully treated.
Patients with severe trismus and one
patient with an oesophageal stricture were
managed with a paediatric gastroscope. A
RIG was the first choice for a patient with
a previous oesophagectomy and was
necessary after two failed insertions
because of a post-cricoid web and morbid
obesity.

The classification and incidence of pro-
cedure-related complications is variable
and largely based on retrospective reports
of differing groups of patients, often
including a mix of neurological and oro-
pharyngeal malignancy32. SCHAPIRO &
EDMUNDOWICZ

32 reported two reviews with
mean incidences of major complications
of 2.7–2.8% and minor complications of
6–7.1%. WOLLMAN et al.40 reported a
major complication rate of 9.4% and
minor complication rate of 5.9%, with a
procedure-related mortality of 0.53%. In
the Guidelines of the British Society of
Gastroenterology24 the incidence of major
complications is stated to be about 3%.
The exact incidence depends upon the
patient population and is generally higher
with malignant disease. The complication
rates are similar irrespective of the tech-
nique used, whether this is the common
pull (Ponsky) method, the push (Sachs-
Vine) method or the direct introducer
(Russell) method. In head and neck surgi-
cal practice the incidence of major com-
plications ranges from 0% to 35% and
minor complications from 8% to
17.5%3,5,12,17,18,37,38. The incidence of
major complications appears to be higher
when the operator is a trainee, whether a
surgeon or gastroenterologist6,24,38. In the
experience of this surgeon and LLOYD &
PENFOLD

18 the major complication rate of
an experienced maxillofacial surgeon is
relatively low, 3% and 0%, respectively.

Aspiration and pneumonia are common
major complications32. Aspiration may
occur during the procedure or later as a
result of oropharyngeal aspiration or gas-
tro-oesophageal reflux. The supine posi-
tion and an oropharyngeal tumour may
increase the risk of aspiration, especially
when the gag reflex is obtunded24. The
incidence of respiratory distress under
intravenous sedation may be as high as
7% with airway obstruction occurring in
1%10. It has been recommended that seda-
tion or general anaesthesia should be
avoided unless the tumour has been
removed or the airway secured, sometimes
with a tracheostomy, and the PEG per-
formed in theatre5,13,18. Oncology sur-
geons often prefer to take the
opportunity to place the PEG either during
an examination under general anaesthetic
or at the time of the definitive operation. In
both instances the airway is protected by
an endotracheal tube or tracheotomy. This
may reduce the risk of aspiration or car-
dio-respiratory complications5. It also
avoids an additional separate treatment
episode12,17. Enteral feeding may com-
mence 4 h after insertion but is not without
risk of aspiration and death20. The author
prefers to defer feeding after major sur-
gery for 12 h because gastric emptying
may be delayed and the airway reflexes
obtunded. This also allows initial evalua-
tion of the abdomen after harvest of free
flaps such as the rectus abdominus or iliac
bone.

In the current series infection of the
stoma site was the commonest minor com-
plication. Infection with MRSA may be
increasingly common4 but was of no ser-
ious consequence in the authors’ experi-
ence. Two patients developed a buried
bumper syndrome. This complication
occurs after 1.9% of procedures8. It typi-
cally presents as a late complication with
difficulty flushing and leakage. Excessive
tension may lead to migration of the flange
beneath the gastric mucosa. The PEG may
be removed endoscopically or with a mini-
laparotomy approach. This surgeon now
has a lower threshold for gastroscopy and
replacement of a PEG that has been in
place for over 1 year.

The 30-day mortality rate after PEG
insertion varies with many factors. JANES

et al.14 noted an increasing mortality rate,
from 8% to 22%, with greater use of the
technique but the procedure-related mor-
tality decreased from 2% to 0%. In the
meta-analysis by WOLLMAN et al.40 the
mortality rate was 14.7% and in a later
series by Wollman & D’AGOSTINO

39 it was
10%. Lower mortality rates of 4.5% with a
PEG and 3.1% with a RIG have recently
been reported36. In the current study the
30-day mortality rate after an insertion
procedure was 6%. This included patients
that proved to have terminal disease. The
risk of death was significantly higher in
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those aged 65 years and over. There was
no evidence that insertion of the PEG at
the time of major surgery affected the
mortality rate.

The value of early placement of a gas-
trostomy tube prior to radiotherapy and
chemotherapy, for mostly advanced oro-
pharyngeal and laryngeal malignancy, has
been established in several retrospective
studies on the basis of several factors,
including a reduction in weight loss, dura-
tion and frequency of hospitalisation,
fewer treatment interruptions1,2,16,25 and
improved quality of life issues19,34. The
exact timing of gastrostomy insertion prior
to surgery remains contentious. Head and
neck surgeons with an otolaryngology
background often have the tube inserted
as a separate episode prior to the definitive
surgical procedure9,12, or at examination
under anaesthesia and both during and
after surgery17,37.

Recent publications from maxillofacial
surgeons, managing mainly carcinoma of
the oral cavity, have favoured early PEG
insertion, sometimes at the time of exam-
ination under anaesthesia but principally
at the time of definitive surgery when a
safe airway has been obtained3,5,18. These
patients are at increased risk of respiratory
compromise because of a high incidence
of grade 2–4 intubation scores on the
American Society of Anaesthesiologists
scale3,5. Insertion after surgery or during
radiotherapy is less frequently performed.
In the current study 19% of patients had
the PEG placed at the time of examination
under anaesthesia. These were mainly
patients with oropharyngeal tumours man-
aged by radiotherapy, inoperable disease,
poor medical condition, or marked weight
loss including a few that underwent a trial
period of feeding before the treatment
modality was decided. It is important to
try to identify patients that will not benefit
from a PEG including those likely to die
soon after the procedure. The risk factors
for early death in other studies have
included age over 75 years, urinary tract
infection, diabetes mellitus, cardiac fail-
ure, severe functional impairment and
dementia14,28. There is little information
on quality of life considerations14. The
majority (75%) of patients in the current
study had a PEG inserted at the time of
definitive surgery. This was immediately
after the tracheostomy and before the
tumour was resected. The tumour is iden-
tified and carefully shielded from the
endoscopic equipment to minimise the
risk of implantation. A PEG was not
inserted after tumour removal because
resection does not usually significantly
improve access and would require re-drap-
ing of the surgical field. Placement imme-
diately after reconstruction is undesirable
because of the risk of damaging the flap.
Only one patient had a PEG inserted after
definitive surgery and another during
radiotherapy.

There is debate as to which insertion
technique is most appropriate for head
and neck oncology patients. The PEG is
currently the gold standard technique
of gastrostomy insertion15, but many gas-
trostomy tubes are placed using flu-
oroscopic, ultrasound and computed
tomography guidance15,36. The relative
merit of each technique is beyond the
scope of this article, but the outcome is
variable and probably operator depen-
dent. In the large meta-analysis of the
gastroenterology literature by WOLLMAN

et al.40 the rate of successful insertion was
significantly higher for a RIG (99.2%)
than a PEG (95.7%) and major, but not
minor, complications were significantly
less frequent, 5.9% and 9.4%, respec-
tively. A subsequent publication sup-
ported these findings, with no difference
in the 30-day mortality rate between the
techniques39. More recently, higher rates
of successful PEG insertion of 96–100%,
together with a lower incidence of com-
plications, have been reported in the head
and neck literature3,5,36, including those
inserted by a maxillofacial team18 and
in the findings of the current series.
Although the rates of success reported
for the RIG technique may remain mar-
ginally higher, the procedure is often less
readily available. It is also not infallible,
as two of the patients in the current series
also failed a RIG procedure because of a
previous partial gastrectomy and a severe
oesophageal stricture.

A RIG has been advised on the basis of
several additional factors including the
limited diagnostic yield of routine gastro-
scopy15. The prevalence of incidental find-
ings during endoscopy ranges from 10% to
71%39. WOLLMAN & D’AGOSTINO

39 noted a
30% rate of incidental endoscopic findings
in their series, of which 10% had an
intervention, mostly for peptic disease.
In their opinion the clinical importance
of many incidental findings is unproven,
but in the head and neck oncology
group there is a relatively high incidence
of synchronous and metachronous tum-
ours11. In the current series significant
pathology was detected in 5% of gastro-
scopies including one synchronous oeso-
phageal adenocarcinoma and a Barrett’s
oesophagus. CHANDU et al.3 reported one
synchronous gastric carcinoma and a Bar-
rett’s oesophagus amongst 49 patients, and
RUSTOM et al.29 detected seven synchro-
nous tumours in 78 patients. A further
argument is that a RIG may avoid tumour
implantation at the gastrostomy stoma
site15. This rare complication is now
recognized and the head and neck surgeon
is ideally trained to identify and shield the
tumour during the procedure17,37.

The availability of the RIG technique
and the degree of local expertise is vari-
able. By performing a PEG the surgeon
avoids the logistical issues and inconve-
nience of a separate procedure, and pro-
vides a seamless service. There is a short
delay between diagnosis and surgical
resection; hence the issue of pre-surgical
feeding is usually not important. A thor-
ough examination of the oropharynx and
an endoscopy are also performed when
removing the gastrostomy. The procedure
may be performed within a theatre envir-
onment, with an anaesthetist, as many
patients will have a compromised airway
after flap reconstruction and radiotherapy.
It is for these reasons that the author
prefers a PEG. A RIG is the procedure
of choice only when endoscopy is unlikely
to succeed, for example significant oeso-
phageal obstruction, morbid obesity or
extensive abdominal surgery. Occasional
additional indications may include the
need to avoid disturbing a recent surgical
flap or suture line.

The exact pattern and duration of gas-
trostomy use during the phases of treat-
ment for head and neck malignancy are
unknown. Durations of gastrostomy pla-
cement are difficult to compare because
the criteria for insertion vary and so do the
methods of collating and presenting data.
The mean or median values range from
13.8 to 67.1 weeks3,6,18,21,35. In the current
series the median duration was 48 weeks.
The delay between the provisional deci-
sion to remove a gastrostomy and removal
was less than 6 weeks in most cases. Only
four (2%) patients have had a PEG in place
for over 1000 days and are unlikely to
have it removed. In contrast to MEKHAIL

et al.21, there was no evidence of depen-
dency on the PEG as a result of atrophy of
the pharyngeal musculature. Prolonged
dependency was more likely to be related
to massive or repeated surgery together
with radiotherapy. In the only other
detailed analysis of PEG duration in
patients treated for oral cancer, CHANDU

et al.3 usually inserted the PEG at the time
of definitive surgery. The mean duration
of a gastrostomy removed electively was
114 days and in those that died with the
PEG in situ it was 470 days. A long-term
PEG was required for 14% of patients
because of dysfunctional swallowing.
In comparison, SCHWEINFURTH et al.33
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Fig. 3. Duration of PEG by principle type of resection.

Table 7. Current indications for insertion of a PEG in oncology patients

� Fundamental criteria for insertion have been met and PEG not contraindicated
� Recovery of oral function within 2–4 weeks is not expected
� Malnutrition or at risk of malnutrition during treatment
� T3 and T4 oropharyngeal tumours undergoing surgery or radiotherapy
� Intraoral reconstruction with free or pedicled flap, including T2 tumours
� Smaller oral procedure or extraoral surgery, particularly in conjunction with

a neck dissection, flap or graft repair and likely to adversely affect oral function
� Other factors may be relevant, i.e. previous surgery or radiotherapy
inserted the gastrostomy at varying times
in 142 patients with primarily laryngeal or
pharyngeal pathology. The incidence of a
long-term gastrostomy was 27%.

Predicting the need for a gastrostomy and
the likely duration placement is difficult
because of an uncertain relationship to
various factors, including age, medical
and nutritional status, speech and swallow-
ing function, tumour site and stage, the
surgical resection and type of reconstruc-
tion. The indications for insertion have not
been systematically studied and variable
criteria have evolved with experience.
When considering a report it is important
to identify the tumour group and treatment
modality being considered as publications
from otolaryngology institutes often have a
minority of oral carcinoma sites and a pre-
ponderance of non-surgical treatment. Gas-
trostomy has been advised for Stage III and
IV disease of the oropharynx treated pri-
marily with radiotherapy25 or surgery9, and
also for combined modality treatment, pre-
vious radiotherapy or significant pre-treat-
ment weight loss7. A significant reduction
in hospitalisation was seen for pharyngeal
and laryngeal sites but not for oral
tumours9. The study by GARDINE et al.7

reviewed a mixture of PEG, nasogastric
and oesophagostomy routes and was unu-
sual as it contained a majority of oral
tumours. These patients had a slightly
higher incidence of prolonged dependency
on tube feeding, but the factors associated
with a significantly increased risk of long-
term nutritional support included stage IV
disease, pharyngeal tumours, combined
modality treatment and previous radiother-
apy or significant pre-treatment weight
loss. For primarily oropharyngeal and lar-
yngeal malignancy, SCHWEINFURTH et al.33

also identified several predictive factors,
including heavy alcohol use, base of tongue
tumours treated with radiotherapy, recon-
struction with a myocutaneous rather free
flap, postoperative radiotherapy, mandibu-
lectomy, moderately or poorly differen-
tiated tumours, and large tumour size, but
not TMN stage or surgical resection of the
floor of mouth and oral tongue. For the
surgical treatment of mainly oral carci-
noma, CHANDU et al.3 listed the indications
for gastrostomy insertion as Stage III and
IV disease treated with surgery and radio-
therapy, and Stage I and II disease in asso-
ciation with major neck dissections with or
without distant flap. For benign disease the
indications were large composite resections
with free flap reconstruction. Factors that
may have influenced PEG duration were
not analysed.

In the current study, the duration of
gastrostomy was significantly longer for
stage T3–4 tumours, N1 or greater neck
disease, following surgery with radiother-
apy when compared to surgery alone, and
for radiotherapy alone when compared to
surgery alone (Table 5 and Fig. 2). The
radiotherapy alone group were primarily
stage T3 or 4 oropharyngeal tumours.
Unlike previous studies there was a sig-
nificantly increased median duration for
glossectomy and maxillectomy proce-
dures with radiotherapy when compared
to surgery alone. Patients that underwent
two separate surgical procedures and
radiotherapy had significantly longer
durations on average than those having
a single surgical procedure. The duration
following a primarily soft-tissue resection,
with or without a rim resection, was sig-
nificantly shorter than after a segmental
composite bone resection (Table 5 and
Fig. 3). There was no obvious relationship
with the type of flap reconstruction, but
this will be amenable to further analysis
with greater patient numbers. A limitation
of this study was the lack of a control
group. Changes in weight or other physi-
cal and biochemical nutritional parameters
have not been analysed.

The current indications for PEG inser-
tion are listed in Table 7. All patients with
T3 and T4 oropharyngeal tumours under-
going radiotherapy and patients with oral
tumours that require reconstruction with a
free or pedicled flap are offered a PEG on
the basis that recovery of oral function is
not expected within 2–4 weeks. This
includes T2 tumours without neck disease
(stage II disease) if the site of the tumour is
likely to have a significant effect on func-
tion and hence a flap reconstruction is
indicated. Those undergoing a smaller oral
procedure or extraoral resection, particu-
larly in conjunction with a neck dissection,
that may compromise oral function are
also offered a PEG. Other factors may
also impact upon this decision-making
process, particularly a history of previous
surgery or radiotherapy. WALTON

38 has
advocated a more selective insertion pol-
icy on the basis of an unusually high
incidence of major complications, prob-
ably as the result of not having an experi-
enced endoscopist. In this series only two
patients did not utilise the PEG and a more
restrictive insertion policy would probably
have led to more gastrostomies being per-
formed at a later stage, when the patient
may be in a more debilitated state. The
current threshold for PEG insertion is
lower than in other studies because it is
difficult, at present, to identify a subgroup
of patients that would not benefit from a
PEG. The exact pattern of gastrostomy use
during the different phases of treatment
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has not been studied. It is particularly
important to try to identify patients that
are likely to die soon after the procedure.

This study has confirmed that a PEG
may be inserted with a high degree of
success and minimal complications by
an experienced maxillofacial surgeon.
Most gastrostomies may be inserted at
the time of definitive surgery after the
tracheostomy or intubation. Those patients
requiring insertion at an initial examina-
tion under anaesthesia may usually be
identified as having advanced oral or oro-
pharyngeal disease, are likely to receive
radiotherapy with or without chemother-
apy as the primary modality of treatment,
are in poor general health, are unsuitable
for major surgery, and have had significant
weight loss or demonstrable weight gain is
desirable prior to the decision about the
final treatment modality. The incidence of
late gastrostomy insertion should be low.
This surgeon is now able to more accu-
rately advise patients about the likely
duration of the PEG. Prolonged depen-
dency is associated with T3–4 tumours,
N1 or greater neck disease, the combina-
tion of surgery and radiotherapy and par-
ticularly two surgical procedures, and a
segmental bone resection. The incidence
of permanent dependency on the gastro-
stomy is low.
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bstract

he management of complicated non-union of free flap osteotomy sites is both challenging and time consuming. If external fixation has been

pplied it may be difficult to know when sufficient bone union has occurred for safe removal of the fixation device. The progression of bony
ealing is conventionally monitored with radiographs or occasionally computed tomography (CT). Transcutaneous ultrasound is a simple,
afe, and readily available investigation that gives early objective evidence of bone healing, reassuring both the patient and the surgeon.

2010 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction

he management of complicated non-union of free flap
steotomy sites and complex fractures of the mandible is both
hallenging and time consuming. If external fixation has been
pplied it may be difficult to know when sufficient bone union
as occurred for it to be safe to remove the fixation device.
he progression of bony healing is conventionally moni-

ored with radiographs or occasionally computed tomography
CT). However, plain radiographs are insensitive to early
allus formation1 and artefacts from the hardware used for
xation frequently degrade CT images. Magnetic Resonance
maging (MRI) images are also degraded by hardware arte-
act especially from metal. MRI is also not very sensitive
or detection of early callus formation. Transcutaneous ultra-
ound has been shown to demonstrate early evidence of
ealing in long bone fractures by detecting initial callus

2
ormation.
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al fixation

ethods

he aim of this study was to assess the effectiveness of
ranscutaneous ultrasound evaluation in two patients with
omplicated non-union of free flap osteotomy sites. Ultra-
ound is performed using a standard linear probe suitable for
canning superficial structures. The Dental Panoramic Tomo-
ram (DPT) is reviewed before scanning the patient. Patient
s seated comfortably on a couch and scans are obtained in
oth axial and coronal planes. Detection of echogenic foci
ithin the fracture gap was the criterion for evidence of heal-

ng progression as this correlates with histological evidence
f callus maturation.3

The progression of bony healing was monitored with serial
PTs and ultrasound scans of the osteotomy or fracture sites.

ases
ncology Case 1

40-year-old female underwent a hemimandibulectomy and
nilateral neck dissection for a T4N1M0 adenoid cystic car-

l Surgeons. Published by Elsevier Ltd. All rights reserved.
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ig. 1. Plain film orthopantomogram on left showing free flap osteotomy si
pplying the fixation.

inoma of the submandibular gland. The resection defect
as reconstructed with a myo-osseous deep circumflex iliac

rtery (DCIA) free flap. Following surgery radical radio-
herapy was given. Intra and extra-oral wound breakdown
eveloped and was further complicated by non-union at
he parasymphyseal osteotomy site. Management included
ntibiotics, hyperbaric oxygen therapy, debridement, removal
f the bone plates and a pectoralis major flap. Bony union
as finally achieved with an external fixator applied for 4
onths. Ultrasound performed 6 weeks following applica-

ion of external fixator device showed multiple echogenic
oci (white arrow) in keeping with early callus formation
Figs. 1 and 2)

ncology Case 2

44-year-old female underwent an anterior segmen-
al mandibulectomy and bilateral neck dissections for a
4N0M0 high grade fibroblastic osteosarcoma of the anterior

andible. The defect was reconstructed with a myo-osseous
CIA free flap. Following surgery neoadjuvant chemother-

py with Cisplatin and Doxorubicin was given. Healing was

ig. 2. Ultrasound scan on the same day clearly demonstrates echogenic
allus in the osteotomy gap (arrowed). Fixation was removed 4 weeks later
nd the patient recovered uneventfully.
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external fixator applied and no evidence of callus formation 12 weeks after

elayed by local infections and acute neutopenic episodes
esulting in non-union of one of the osteotomy sites. Manage-
ent included antibiotics, hyperbaric oxygen, debridement

nd removal of the bone reconstruction plates. Union was
nally achieved with an external fixator applied for 3 months.

esults

uring the duration of external fixation in both cases the
steotomy sites were monitored with serial radiographs, CT
cans and ultrasound assessments. There was uncertainty as
o when the external fixation could be safely removed as the
adiographs and CT scans were often significantly distorted
y artefacts from the external fixation. Initial callus formation
as first seen during ultrasound scanning.
Transcutaneous ultrasound scanning detected early cal-

us formation that preceded the radiographic changes by 4–6
eeks.

onclusion

ranscutaneous ultrasound is a simple, safe, and readily avail-
ble investigation that gives early objective evidence of bone
ealing. In the management of complicated wounds and non-
ealing osteotomy sites this provides reassurance for both
he patient and surgeon. In conjunction with the clinical and
adiographic findings it assists in determining when it is
ossible to safely remove external fixation. The use of tran-
cutaneous ultrasound can also be applied in the management
f the maxillofacial trauma patient requiring external fixation.
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A retrospective review of seventy-one PPM flaps used between 1996 and 2010 primarily for oral and oro-
pharyngeal squamous cell carcinoma presenting as either advanced stage IV primary disease (41/43),
extensive recurrent (10) or metastatic (9) neck disease. The PPM flap was most commonly used following
resection of the mandible (23) or the tongue/oropharynx (19). When the PPM flap was the preferred
reconstruction option (54) the main indication, in addition to advanced disease, was significant medical
co-morbidity (23). The majority of PPM flaps (75%) were used in the latter half of the series for an increas-
ing number of patients in poor health with advanced disease. There was no evidence of an increase in age,
ASA grade or extent of disease during this period. Approximately one quarter (17) of the flaps were used
after failure of a free flap, most commonly a DCIA (7) or radial (6) flap. The 30 day mortality in this group
of compromised patients undergoing major surgery for advanced disease was 7% (5/71). The overwhelm-
ing majority had significant co-morbidity (94% grade 2 or higher with 63% ASA grade 3) and 90% had
already undergone previous major surgery and/or radiotherapy.

The 1-year, 3-year and 5-year overall survival rates were 65.5%, 39.1% and 11.0% respectively with can-
cer-specific survival rates of 82.0%, 65.5% and 65.5%. The majority died of disease related to the underly-
ing co-morbidity. We recommend an aggressive approach to the surgical resection of advanced and
recurrent disease but a pragmatic approach to reconstruction. The PPM major flap is reliable for recon-
struction of defects of the mandible, tongue and oropharynx with a complete flap failure rate of 2.8%. Lat-
eral defects of the mandible were managed without a plate and with an acceptable outcome in the
context of limited life expectancy. This is the largest study of the use of the PPM flap for this type of
patient group. The flap retains a major role in the management of advanced primary or recurrent disease,
extensive metastatic neck disease and after failure of a free flap when in conjunction with significant co-
morbidity.

� 2010 Elsevier Ltd. All rights reserved.
Introduction use of the PPM flap in a unit that has routinely performed free tis-
The pedicled pectoralis major (PPM) flap was initially described
by Ariyan in 1979.1,2 It soon became the ‘‘workhorse” flap for most
reconstructive head and neck surgeons.3–6 Subsequently free tissue
transfer techniques have achieved increasing reliability with
apparent benefits in oral function combined with fewer complica-
tions, although PPM flaps may still have been preferred for ad-
vanced disease.7–13 The cost of treatment is controversial but
broadly comparable for pedicled and free flaps when all aspects
of care, including complications, have been considered.14–17 Hence
the PPM was gradually relegated to a secondary role in most units
practising free flap surgery. The aim of this study was to review our
ll rights reserved.

x: +44 116 258 5205.
Avery).
sue transfer surgery as the reconstruction of choice.
Patients and methods

A retrospective review was undertaken of the use of the PPM
flap in the Department of Maxillofacial Surgery, The University
Hospitals of Leicester. Consecutive patients were identified from
theatre records and a contemporaneous database. Data recorded
included demographic details, indications, pathological staging
using the TNM classification system of the International Union
against Cancer 1997, surgical resection, American Society of Anaes-
thetists ASA grade, co-morbidity, previous treatment with radio-
therapy and/or major surgery. Flap related complications were
classified using the categories described by Kroll.4 Total flap loss
reflected complete loss of the skin and muscle paddle. Major tissue

http://dx.doi.org/10.1016/j.oraloncology.2010.08.004
mailto:chrisavery@doctors.org.uk
http://dx.doi.org/10.1016/j.oraloncology.2010.08.004
http://www.sciencedirect.com/science/journal/13688375
http://www.elsevier.com/locate/oraloncology


Table 1
Diagnosis and anatomical site.

Total
(N = 71)

Primary
reconstruction (n)

Failed free
flap (n)

Primary squamous cell carcinoma: 43 30 13
Oral tongue 14 11 3
Oropharynx 5 4 1
Mandible 23 14 9
Maxilla 1 1 –

Recurrent squamous cell
carcinoma:

19 16 3

Oral cavity and oropharynx 10 7 3
Neck 9 9 –

Osteoradionecrosis 2 2 –
Other primary or recurrent

tumoura
2 1 1

Other metastatic tumourb 3 4 –
Bleeding major neck vessels 2 – –

a Melanoma and nerve sheath tumour.
b Meibomian gland carcinoma (1), peripheral nerve sheath tumour (1), small cell

carcinoma nose (1).
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loss was less extensive but delayed hospital discharge or required
surgical revision and minor tissue loss did not delay discharge or
require revision.

The decision to use a PPM flap was taken in conjunction with
the same dedicated head and neck anaesthetist and with a
multidisciplinary team over the latter half of this period. There
may be several indications so only the most pertinent factor, in
addition to advanced disease, was selected. A pedicled myocutane-
ous flap was raised utilising a defensive deltopectoral incision.
Occasionally extension over the rectus sheath was necessary but
tissues that appeared poorly perfused were excised. The pedicle
was skeletonised preserving the lateral thoracic artery when possi-
ble and the flap tunnelled over the clavicle. A neck dissection was
performed with removal of the sternocleidomastoid muscle to
accommodate the pedicle if necessary. Lateral segmental defects
of the mandible were not reconstructed with a plate. The over-
whelming majority of patients were managed in a high depen-
dency environment rather than an intensive care facility.

Statistical analysis

Categorical variables were analysed using the Chi-squared or
Fisher’s exact test and continuous variables using the Mann–Whit-
ney U test or Spearman’s correlation coefficient. The primary long-
term outcome measure was overall survival (as of April 2010). Can-
cer-specific survival was considered as the secondary end-point.
Patients who died within thirty-days of surgery were excluded
from the long-term survival analysis. Kaplan–Meier survival curves
were constructed to analyse long-term survival trends and associ-
ations of variables with long-term survival determined by applica-
tion of the log-rank test. Statistical significance was defined as
P < 0.05. Statistical analyses were performed using Statistical Pack-
age for the Social Sciences 14.0� (SPSS, Chicago, Illinois, USA).

Results

Between April 1996 and March 2010 seventy-three PPM flaps
were performed. The complete data was available for 71 proce-
dures and the other two were excluded. Seventy flaps were ipsilat-
eral and one was contralateral, the latter because of an implanted
cardiac defibrillator device. There were 47 males and 24 females.
The ages ranged from 41 to 88 years (mean 64.2 years). There
was no significant variation in age or rate of free flap failures
throughout the study. The frequency of flap use fluctuated with a
significant increase in the number of flaps performed per year over
time (P = 0.01) (Fig. 1). The majority of flaps, 53 out of 71 (75%),
were performed in the latter half of the series, with the most used
in 2008 (12).
0
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Number of Flaps
ASA grade 2 & 3
Free Flap Failure

Figure 1 Pectoralis major flap use by year.
The diagnosis and principle anatomical sites are listed in Table 1.
Forty-three patients were treated for a primary head and neck squa-
mous cell carcinoma. Most had pathological stage IV disease except
for two patients who were stage II and III respectively. The most
common stage of neck disease was N2 (15), the remainder were
N0 (13), N1 (13) and N3 (2). The PPM flap was most frequently used
after resection of the mandible, including lateral segmental (17), rim
(4) and anterior (2) resections. Resections of the tongue and/or oro-
pharynx comprised the other main group (19). Patients in the first
third of the study were significantly more likely to have presented
with recurrent disease (P = 0.038). Nineteen patients had recurrent
squamous cell carcinoma, either at the primary site (10) or in the
neck (9). Eight resections involved skin and created a full thickness
oral defect. The incidence of total flap failure was 2.8% (2) and both
occurred with cheek/maxillary reconstructions, major loss was 8.4%
(6) and minor loss 12.6% (9).

The PPM flap was the reconstruction of choice on 54 occasions
(Table 2). In addition to advanced disease the main indications
were significant medical co-morbidity (23), high volume neck dis-
ease [often with skin involvement] (10), recurrent disease (6) and
breakdown of the neck (5). It was occasionally used with a free flap
(3) or when recipient vessels were not available for a free flap (2).
Approximately one quarter (17) of PPM flaps were used following
free flap failure but this has not been an indication since 2007.

Ninety-four percent of patients were ASA grade 2 (21), 3 (45) or
4 (1) (Table 3). There was no significant variation in ASA grade with
Table 2
The main indications for pectoralis major flap.

Indication (N = 71)

Preferred reconstructiona 54
Medical morbidity 23
Large volume neck disease 10
Salvage procedure 6
Neck wound breakdown 5
Parotidectomy defect 3
With free flap 3
Osteoradionecrosis 2
Free flap not possible 2

Failed free flap 17
Radial 6
Composite radial 1
Deep Circumflex Iliac Artery (DCIA) 7
Fibula 3

a Principle reason, usually in addition to advanced disease, as
could be in more than one reason.



Table 3
ASA grade.

ASA grade All pectoralis
major flaps (N = 71)

Initial free flap
failure group (n = 17)

I 4 1
II 21 15
III 45 1
IV 1 0

Figure 3 Kaplan–Meier curve for cumulative cancer-specific survival.
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time. Significantly more patients in the free flap failure group were
originally ASA grade I or II [before salvage with a PPM flap] than
patients initially managed with a PPM flap (94% [16/17] compared
with 28% [15/54], P = 0.001) indicating that the free flap failure
patients were originally in better general health. Ninety percent
of patients had previously undergone treatment with radical radio-
therapy (20, 28%), major surgery (29, 41%) or both (15, 21%).

The mortality rate within 30 days was high, 7% (5/71). The over-
all median long-term follow-up was 1.33 years (range 0.09–
7.38 years). During this period 38 patients (57.6%) died; 14 from
recurrent disease and 24 from intercurrent illness. Twenty-seven
patients are alive without recurrent disease and one with recurrent
disease. Overall and cancer-specific survival outcomes are pre-
sented in Figs. 2 and 3, respectively. The 1-year, 3-year and 5-year
overall survival rates were 65.5%, 39.1% and 11.0% respectively
(mean 2.70 years, 95% CI 1.94–3.45 years). Similarly, cancer-spe-
cific survival rates were 82.0%, 65.5% and 65.5%, respectively (mean
5.27 years, 95% CI 4.33–6.20 years). There was no difference in sur-
vival between the group with a PPM flap as the reconstruction of
choice and the free flap failure group but the latter numbers are
small.
Discussion

In the 1990’s the PPM flap was still considered a reliable and
effective flap for the primary or secondary reconstruction of oral
and pharyngeal defects.6,15,18,19 It has continued to be successfully
used as the main reconstructive option for a variety of reasons
including preference, costs and lack of expertise.20–24 However,
during this transitional period free tissue transfer has become
firmly established as the preferred method of reconstruction in
many maxillofacial units, although we are not aware of any data
on worldwide practices. The aim of this study was to review our
practice as there are no formal guidelines as to when to use the
PPM flap in preference to free tissue transfer.
Figure 2 Kaplan–Meier curve for cumulative overall survival.
The PPM flap was mainly used as the preferred option following
a salvage surgical procedure for advanced or recurrent disease, and
extensive metastatic neck disease. Substantial defects involving
the skin of the neck and parotid region are ideal because of the
proximity of the donor site.25 The PPM was occasionally used with
a free flap (3) which creates less surgical complexity than two free
flaps.26,27 Further free flap reconstruction in the presence of recur-
rent disease may produce comparable rates of flap success28 but is
often complicated by the lack of good quality recipient vessels, the
poor condition of the tissues, and the need to use contralateral ves-
sels and interpositional vein grafts29 or the ipsilateral transverse
cervical vessels.30

Lateral segmental defects of the mandible comprised a large
subgroup whether as a result of further disease or failure of a free
flap. Although we agree with the contemporary principles of recon-
struction of the mandible31,32 the situation after previous major
surgery and/or radiotherapy is complex. These defects were not
reconstructed with a plate because of the high incidence of expo-
sure and infection, which reduces the quality of life with further
morbidity and days lost to medical treatment.6,19,20,23,33,34 A
unilocking plate has recently been advocated in the presence of
advanced disease, significant co-morbidity, limited functional
requirements or poor prognosis but plate exposure was common
(22%).35 In our experience the bulk of the PPM flap is sufficient
to allow reasonable function in the context of limited life expec-
tancy. Long-term survivors may be offered a delayed free flap bone
reconstruction.34

Approximately one quarter of the PPM flaps were performed
following failure of a free flap. The loss of oral integrity often re-
quires reconstruction with either a free or pedicled flap, to expe-
dite the return of oral function.36 Wei29 advocated a second free
flap on the basis of a low free flap failure rate [1 of 17 (6%)] and
a high incidence of complications with pedicled flaps, including
flap failure [2 of 15 (13%)]. Okazaki37 also reported a low free flap
failure rate [1of 9 (11%)] but the difference in flap success rates is
based on only a few procedures. In a review from the Liverpool
Maxillofacial unit a second free flap was used on 19 occasions
whilst a PPM flap was preferred for 5 reconstructions. However,
for many surgeons a PPM flap is probably still perceived as the saf-
est option in the immediate post-operative period in the presence
of significant co-morbidity. A PPM flap can be quickly harvested to
protect the neck vessels23 and minimise the delay in healing, espe-
cially when the prognosis is dependent on subsequent radiother-
apy.36 With free flap success rates of 95% and greater for radial38

and other flaps,29,36 failure is often caused by the inherent risk of
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thrombosis rather than an avoidable technical fault. In our experi-
ence the patient usually prefers a PPM flap because it is perceived
as a smaller, safer and shorter operation, particularly if it avoids
the cumulative morbidity of another osteocutaneous donor site,
even though the functional outcome is often compromised. The
frequent complications associated with PPM flaps have been
extensively reported.39 The 2.8% incidence of complete flap necro-
sis compares favourably with 2% (10/506) recently reported by
Milenovic23 in the largest series and other reports of zero to
6%.4,6,18,21,24,40 The incidence of major (8.4%) and minor (12.6%) flap
loss is also comparable to the literature, with major complication
rates of 6% to 10%4,6,18,21,23,24,40 and minor complications from
8.3% to 15% or higher.4,18,21,23,24,40 Although complications may de-
lay discharge they rarely delayed or prevented post-surgical
radiotherapy.

Factors that may be responsible for the increased use of the PPM
flap were considered. All except two patients had Stage IV disease, or
extensive recurrent disease and 70% had stage N1 or greater neck
disease. With the TNM classification system it was not possible to
demonstrate an increase in the extent of disease but the threshold
for a PPM flap had not been lowered. There was no significant vari-
ation in the rate of free flap failure. An elevated ASA grade is associ-
ated with increased morbidity and mortality.41–45 Ninety-four
percent of patients were ASA grade 2 or higher with no increase with
time. Along with others we did not find an association between in-
creased age and mortality.43,46–49 Although selected older patients
are likely to be a relatively healthy subgroup.47,50 A more detailed
general or disease specific morbidity grading system41,43,45,48,51,52

may refine the selection process as increasing co-morbidity is an
important prognostic indicator.41,45,53 However, it is unclear
whether this would have altered the decision to offer surgical treat-
ment or affect the choice of reconstruction as no other potentially
curative treatments were available and good palliation of symptoms
was usually achieved. The use of the PPM flap reflects an increasing
number of patients presenting with significant co-morbidity and ad-
vanced disease. The input of the multidisciplinary team over the lat-
ter half of the study may also have been a factor.

The survival rates compare favourably with outcomes for ad-
vanced and recurrent disease54–61 but the majority succumbed to
other disease. The 30 day mortality rate of 7% is acceptable in this
context. Mortality rates after ‘‘major” head and neck surgery range
from zero to 6%,43,44,46,48,49,62 with the highest rates for oral cavity
disease62 and patients over 70 years.46 However, the patients and
surgical treatments in large series are diverse and typically include
a minority of oral cavity disease together with other sites managed
without flap reconstruction and with less co-morbidity. The mor-
tality after free flap surgery ranges from 1% and 6.3%, but includes
a spectrum of soft-tissue flaps with or without composite resec-
tions9,42,52,63–68 and the co-morbidity status, if given, is typically
lower, which this is consistent with the current study. The mortal-
ity rate with the PPM flap may be lower for a spectrum of disease
and comorbidity, 2.2%21 and 2.7%,18 but is often not stated. Salva-
tori35 reported a mortality rate of zero without a co-morbidity in-
dex when using the PPM flap for advanced disease. In the current
series patients had a number of adverse factors in common; signif-
icant co-morbidity, previous extensive surgery and/or radiother-
apy, advanced oral disease whether primary, recurrent or
metastatic, and further major surgery with flap reconstruction.
Therefore, for a number of reasons it is difficult to make compari-
sons with other studies.

Recently smaller reports have advocated the PPM flap for; sal-
vage excision with extensive recurrent disease,59 advanced disease
with substantial co-morbidity61 and both primary and recurrent
disease.69 The complication and flap failure rates were high with
salvage procedures.59,69 The current report is the largest experi-
ence of managing patients compromised by a number of adverse
factors. The PPM flap is reliable for obliterating large defects of
the mandible, tongue and oropharynx. It is the flap of choice for pa-
tients compromised by a number of factors including; advanced
primary or recurrent oral disease and extensive neck disease, fol-
lowing previous major surgery and/or radiotherapy and in con-
junction with significant medical co-morbidity. In this situation it
remains the preferred salvage procedure after failure of a free flap.
We advocate a pragmatic approach to reconstruction for this group
of compromised patients with a limited life expectancy. We do not
know whether this reflects common practice.
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Abstract. There are few studies reporting the role of the pedicled pectoralis major
(PPM) flap in modern maxillofacial practice. The outcomes of 100 patients (102
flaps) managed between 1996 and 2012 in a UK maxillofacial unit that
preferentially practices free tissue reconstruction are reported. The majority
(88.2%) of PPM flaps were for oral squamous cell carcinoma (SCC), stage IV
(75.6%) disease, and there was substantial co-morbidity (47.0% American Society
of Anesthesiologists 3 or 4). The PPM flap was the preferred reconstruction on
80.4% of occasions; 19.6% followed free flap failure. Over half of the patients
(57%) had previously undergone major surgery and/or chemoradiotherapy.
Ischaemic heart disease (P = 0.028), diabetes mellitus (P = 0.040), and methicillin-
resistant Staphylococcus aureus (MRSA) infection (P = 0.013) were independently
associated with flap loss (any degree). Free flap failure was independently
associated with total (2.0%) and major (6.9%) partial flap loss (P = 0.044). Cancer-
specific 5-year survival for stage IV primary SCC and salvage surgery improved in
the second half (2005–2012) of the study period (22.2% vs. 79.8%, P = 0.002, and
0% vs. 55.7%, P = 0.064, respectively). There were also declines in recurrent
disease (P = 0.008), MRSA (P < 0.001), and duration of admission (P = 0.014).
The PPM flap retains a valuable role in the management of advanced disease
combined with substantial co-morbidity, and following free flap failure.
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The pedicled pectoralis major (PPM) flap
has been used successfully for reconstruc-
tion of the head and neck region over the
last three decades.1,2 During this time, free
tissue transfer has become increasingly
accepted as the gold standard for recon-
struction, particularly within the developed
world, because of a number of factors
including: improved flap success rates,3,4

fewer complications and improved oral
function,5 and better quality of life out-
comes.6 Nevertheless, recent publications
from around the world have highlighted the
continued importance of the PPM flap as a
reliable single-stage reconstructive option
following salvage surgery,7–11 and the flap
remains popular for general applications
within the developing world.1,2 Whilst sur-
gical units within the United Kingdom
(UK) continue to use the PPM flap, its role
within UK maxillofacial practice has not
ons. Published by Elsevier Ltd. All rights reserved.
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Table 1. Data on 100 patients undergoing 102 pedicled pectoralis major (PPM) flap procedures.

Variable Median (range) n

Patient demographics
Age, years 62 (28–88)
Gender, female/male 33/67
ASA grade 2 (1–4)

1 2
2 53
3 45
4 2

Indications for surgery 102
Squamous cell carcinoma

Primary 77
Stage 1 1
Stage 2 5
Stage 3 3
Stage 4 68

Recurrent (<6 months) 6
Metastatic (isolated neck) 7
Osteoradionecrosis 5
Other primary or recurrent tumoura 3
Other metastatic tumourb 2
Bleeding major vesselsc 1 (2)

ASA, American Society of Anesthesiologists.
a Adenoid cystic carcinoma (n = 1), meibomian gland carcinoma (n = 1), nerve sheath tumour

(n = 1).
b Melanoma (n = 1), small cell cancer (n = 1).
c One PPM flap for late complication of chemoradiotherapy following primary SCC resection.
been defined. The aims of this study were to
review the indications and outcomes of a
cohort of 100 patients undergoing recon-
struction with a PPM flap within a UK
maxillofacial unit that preferentially per-
forms free tissue transfer, and to identify
factors associated with an adverse perio-
perative outcome.

Patients and methods

A retrospective review of case records was
performed based on a contemporaneous
database kept by the study institution.
Data recorded included demographic
details, indications, pathological staging
(TNM American Joint Committee on Can-
cer 2002), type of surgical resection,
American Society of Anesthesiologists
(ASA) grade, co-morbidity, previous
treatment, flap complications, methicil-
lin-resistant Staphylococcus aureus
(MRSA) status, length of hospital admis-
sion, recurrence of disease, and death.

A traditional myocutaneous PPM flap
was raised using a defensive deltopectoral
incision. Flap loss was classified based on
conventional descriptions.1,12 Total loss
encompassed complete necrosis of the
skin, subcutaneous tissues, and distal mus-
cle paddle, whilst partial necrosis of the
skin and subcutaneous paddle was defined
as major loss if greater than 40% and
minor loss if less extensive.

The decision to use a PPM flap was
taken in conjunction with the same head
and neck anaesthetist, and in the latter half
of the study period, with a multidisciplin-
ary head and neck oncology team. The
cohort was subdivided on the basis that the
PPM flap was either the preferred initial
reconstruction, with the principle reason
for this choice being identified, or the PPM
flap was used because of initial free flap
failure. Patients who had previously
undergone major surgery and/or chemor-
adiotherapy were defined as undergoing
salvage surgery.

Statistical analysis

Categorical variables were analysed using
the x2 test or Fisher’s exact test, and
continuous variables using the Mann–
Whitney U-test or Spearman’s correlation
coefficient. Univariable and multivariable
binary logistic regression analyses were
performed to identify factors associated
with adverse perioperative outcomes: flap
loss (any degree), major/total flap loss,
prolonged hospital admission (above med-
ian stay), unplanned intensive therapy unit
(ITU) admission, and 30-day mortality.
Multivariable analyses were performed
using a stepwise backward procedure,
incorporating all variables with P < 0.10
on univariable analysis.

The primary long-term outcome mea-
sure was overall survival (as of September
2012). Cancer-specific survival was the
secondary end-point. Patients who died
within 30 days of surgery or who did
not undergo resection for malignancy
were excluded from the long-term survival
analyses. Kaplan–Meier survival curves
were constructed to analyse long-term
survival trends, and the associations of
variables determined by application of
the log-rank test. Statistical significance
was defined as P < 0.05. Statistical ana-
lyses were performed using IBM SPSS
Statistics for Windows, version 20.0
(IBM Corp., Armonk, NY, USA).

Results

Demographic data

Between December 1996 and June 2012,
102 consecutive PPM flaps were per-
formed on 100 patients. A full dataset
was available for all patients. Demo-
graphic and disease variables are listed
in Table 1. The number of flaps performed
significantly increased over the study per-
iod (P < 0.001, Spearman correlation
coefficient), with the majority of flaps
(73.5%, n = 75/102) being performed in
the latter half (2005–2012) of the series,
and the greatest number in 2010 (n = 17).
All patients had been treated for oral
malignancy at some stage. Seventy-seven
had primary squamous cell carcinoma
(SCC), of whom 88.3% (n = 68) had stage
IV disease and 59.7% (n = 46) had nodal
neck disease. Patients in the first quarter
(1996–2000) were significantly more
likely to have either locally recurrent or
metastatic disease (46.2% vs. 12.4%,
P = 0.008, Fisher’s exact test). Salvage
surgery for SCC following previous major
surgery and/or chemoradiotherapy was
undertaken for 38 patients. One of these
patients died within 30 days of surgery and
was excluded from the long-term survival
analyses. There was no difference in
tumour parameters or the incidence of
metastatic disease across the study period,
except for a significantly greater incidence
of primary stage IV SCC in the second half
of the series (22.2% vs. 48.0%, P = 0.008,
x2 test).

Indications for PPM flap

The cohort was subdivided into two main
subgroups based on whether the PPM flap
was used as the initial reconstruction of
choice (n = 82, 80.4%), or because of
previous free flap failure (n = 20, 19.6%)
(Table 2). Free flap failure was most
commonly a radial (n = 8) or deep circum-
flex iliac artery (DCIA) flap (n = 8), and
25% (n = 5) of these free flap failures
occurred in patients who had previously
had oncological treatment. The types of
surgical resection undertaken are listed
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Table 2. Primary indications for the pedicled pectoralis major (PPM) flap.

Indication for PPM flap N = 102, n

Preferred reconstruction 82
Medical co-morbidity 40
High volume neck disease 16
Free flap not possible 14
Vessel coverage 5
Parotid/cheek defect 4
With free flap 2 (3)a

Close fistula 1

Failed free flap 20
Radial 8
Composite radial 1
Deep circumflex iliac artery (DCIA) 8
Fibula 3

Two flaps were contralateral; the first to avoid a cardiac defibrillator and the second to utilize a
second PPM flap.

a One procedure also counted as high volume neck disease.

Table 3. Principle types of surgical resection.

Primary resection type Resection subtype N = 102 Composite

Mandibulectomy Hemimandibulectomy 37 6
Anterior mandibulectomy 8 3
Rim resection 6 –

Glossectomy Total glossectomya 8 –
Hemiglossectomy 8 –
Partial glossectomy 3 –

Extended radical neck – 15 15
Parotid/cheek – 8 5
Oropharynx – 5 –
Buccal – 1 –
Fistula – 1 –
Maxillectomyb – 1 (2) –
Bleeding major vesselsc – 1 (2) 1

a Two total glossectomies with laryngectomy.
b One maxillectomy combined with hemimandibulectomy as primary procedure.
c One bleeding episode with loss of free flap listed as rim resection of mandible as the primary

procedure and the second was a late carotid blow-out complication after chemoradiotherapy.

Table 4. Complications following the pedicled pectoralis major (PPM) flap.

Morbidity n (%)

Flap-related morbidity
Total flap loss 2 (2.0)
Major flap loss 7 (6.9)
Minor skin loss 13 (12.7)
Mild skin dehiscence 17 (16.7)
Orocutaneous fistula 11 (10.8)
Donor site infection 2 (2.0)

Other morbidity
Lower respiratory tract infection 11 (10.8)
Myocardial infarction 6 (5.9)
Cardiac arrhythmia 2 (2.0)
Fractured mandible 2 (2.0)
Gastrointestinal bleeding 1 (1.0)
Lingual bleed/necrosis 1 (1.0)
Carotid blow-out 1 (1.0)
Pneumothorax 1 (1.0)
Tracheal stenosis 1 (1.0)
Tracheostomy bleed 1 (1.0)
Cerebrovascular accident 1 (1.0)
in Table 3. Composite skin defects
comprised 29.4% (n = 30) of resections.
There was no significant variation in the
type of surgical resection performed
between the first and second halves of
the study period, or when the PPM flap
was used as the preferred reconstruction
rather than following free flap failure.

Co-morbidity

Forty-seven percent of patients had a sub-
stantial co-morbidity (ASA grade 3 (n = 45)
or 4 (n = 2)) at the time of operation (Table
1). There was no significant variation in
ASA grade over the period of the study.
The median ASA grade was significantly
lower in the free flap failure subgroup
(P = 0.032, Mann–Whitney U-test).

Postoperative morbidity

Postoperative morbidity is summarized in
Table 4. Total flap failure occurred in
2.0% (n = 2). Major partial skin loss
occurred in 6.9% (n = 7) and minor skin
loss in 12.7% (n = 13). Minor wound
dehiscence, without flap loss, occurred
in 17 (16.7%), and two wounds required
repair. An orocutaneous fistula occurred in
11 (10.8%), and all but one resolved spon-
taneously. Eleven (10.8%) secondary
operations were performed for flap-related
complications. There was a trend towards
higher flap loss (all degrees) in the first
half of the study (1996–2004) compared to
the second half (2005–2012) (33.0% vs.
17.3%, P = 0.083, x2 test).

Results of the univariable and multi-
variable analyses for factors associated
with flap loss are shown in Tables 5 and
6. There were no statistically significant
associations between either the type of
surgical resection or the salvage surgery
group and the incidence of flap loss,
wound dehiscence, or fistula formation.
However, ischaemic heart disease (P =
0.028), diabetes mellitus (P = 0.040),
and MRSA acquisition (P = 0.013, binary
logistic regression) were independently
associated with flap loss (any degree).
Previous free flap failure was indepen-
dently associated with total or major flap
loss (P = 0.044, binary logistic regres-
sion).

Postoperative outcomes

The mean duration of hospital admission
was 23.3 days (median 19 days, range 4–
86 days). There was a significant reduction
in the mean duration of admission in the
second half of the study (30.2 vs. 20.8
days, P = 0.014, Mann–Whitney U-test).
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Table 5. Patient, tumour, and operative variables associated with flap loss and 30-day mortality following pedicled pectoralis major (PPM) flap:
univariable logistic regression analysis.

Variable
Patients

(N = 102)

Any flap loss (minor/major/
total) (n = 22) Major/total flap loss (n = 9) 30-day death (n = 5)

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Patient variables
Gender: female/male 33/67 1.52 (0.58–4.03) 0.40 4.65 (1.08–20.00) 0.039 2.03 (0.22–18.94) 0.53
Age: �65/<65 years 43/59 2.41 (0.92–6.31) 0.074 3.03 (0.71–12.86) 0.13 0.92 (0.15–5.74) 0.93
Study period: first half/second half 27/75 2.39 (0.88–6.49) 0.088 2.43 (0.60–9.80) 0.21 1.61 (0.34–7.62) 0.55
ASA grade: 3,4/1,2 47/55 0.98 (0.61–1.58) 0.95 0.96 (0.49–1.92) 0.92 1.38 (0.55–3.44) 0.50
Hypertension: yes/no 46/56 1.62 (0.63–4.19) 0.32 2.65 (0.62–11.25) 0.19 5.27 (0.57–48.93) 0.14
Ischaemic heart disease: yes/no 17/85 4.51 (1.48–13.70) 0.008 0.60 (0.07–5.15) 0.643 3.56 (0.55–23.12) 0.18
Peripheral vascular disease: yes/no 7/95 3.00 (0.62–14.55) 0.17 1.81 (0.19–16.98) 0.60 3.71 (0.36–38.58) 0.27
Cerebrovascular disease: yes/no 11/91 2.32 (0.61–8.78) 0.22 1.04 (0.12–9.18) 0.97 2.39 (0.24–23.74) 0.46
Diabetes mellitus: yes/no 16/86 3.68 (1.19–11.44) 0.024 3.08 (0.68–13.86) 0.143 9.46 (1.44–62.16) 0.019
Pulmonary disease: yes/no 35/67 0.49 (0.16–1.47) 0.20 1.60 (0.40–6.38) 0.51 8.67 (0.93–80.89) 0.058

Tumour/operative variables
Previous oncology resection: yes/no 41/61 1.04 (0.40–2.71) 0.94 0.40 (0.08–2.01) 0.26 0.38 (0.04–3.49) 0.39
Previous failed flap: yes/no 20/82 1.55 (0.91–2.66) 0.11 2.55 (1.25–5.20) 0.010 1.00 (0.36–2.77) 0.99
Previous chemo/radiotherapy: yes/no 36/66 1.03 (0.63–1.68) 0.91 1.24 (0.62–2.47) 0.55 0.67 (0.22–2.04) 0.48
Pathology: SCC/other 90/12 2.00 (0.54–7.39) 0.30 2.37 (0.43–13.02) 0.32 2.13 (0.22–20.93) 0.52
Recurrent disease: yes/no 17/85 0.19 (0.02–1.52) 0.12 0.82 (0.27–2.49) 0.72 1.35 (0.49–3.69) 0.57
Resection: mandible/other 51/51 0.89 (0.56–1.43) 0.63 1.13 (0.57–2.25) 0.73 1.21 (0.48–3.03) 0.68
Resection: glossectomy/other 19/83 1.93 (0.64–5.87) 0.25 0.52 (0.06–4.43) 0.55 3.06 (0.47–19.74) 0.24
Composite: yes/no 30/72 0.88 (0.31–2.51) 0.80 0.66 (0.13–3.39) 0.62 0.60 (0.06–5.59) 0.65
MRSA infection: yes/no 24/78 3.00 (1.08–8.31) 0.035 4.87 (1.19–19.90) 0.028 1.00 (0.56–1.80) 0.99

OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; SCC, squamous cell carcinoma; MRSA, methicillin-
resistant Staphylococcus aureus. Results where P > 0.1 rounded to 2 d.p.
Acquisition of MRSA occurred in 24 cases
(23.5%), but declined dramatically after
2006, with a highly significant reduction
in the second half of the study (63.0% vs.
9.3%, P < 0.001, x2 test). MRSA acquisi-
tion was the only factor independently
associated with prolonged hospital admis-
sion (P = 0.043, odds ratio (OR) 3.43,
95% confidence interval (CI) 1.04–
11.35, binary logistic regression) (Fig. 1).

Admission to the ITU occurred follow-
ing eight procedures (7.8%). It was
unplanned on five occasions and the pre-
sence of pre-existing ischaemic heart dis-
ease was independently associated with
unplanned ITU admission (P = 0.015,
OR 13.16, 95% CI 1.66–104.21, binary
logistic regression). The mortality rate
within 30 days of surgery was 5%
Table 6. Variables associated with flap loss and 3
analysis.

Variable
Patients

(N = 102)

Gender: female/male 33/67 

Ischaemic heart disease: yes/no 17/85 

Diabetes mellitus: yes/no 16/86 

Pulmonary disease: yes/no 35/67 

Previous failed flap: yes/no 20/82 

MRSA infection 24/78 

OR, odds ratio; CI, confidence interval; MRSA, m
final round of regression analysis.
(n = 5). The presence of diabetes mellitus
was the only factor independently asso-
ciated with 30-day mortality (P = 0.021,
binary logistic regression) (Table 6).

Overall survival outcomes

The survival outcomes for primary stage
IV oral SCC treated with curative intent
and all SCC salvage procedures are
given in Figs. 2 and 3. The overall
median long-term follow-up was 18
months (range 2–120 months). During
the period of the study, 27 patients died
from recurrent disease and 28 from an
intercurrent illness. As of September
2012 there are 39 patients alive and
disease-free, whilst one patient is alive
with recurrent disease.
0-day mortality following pedicled pectoralis maj

Any flap loss (minor/major/
total) (n = 22) Major/total flap 

OR (95% CI) P-value OR (95% CI) 

6.94 (1.29–37.04
3.84 (1.16–12.74) 0.028
3.76 (1.06–13.28) 0.040 

2.22 (1.02–4.83)
4.12 (1.34–12.65) 0.013 4.98 (0.98–25.21

ethicillin-resistant Staphylococcus aureus. Table
Long-term survival outcomes for stage IV

primary SCC

The 1-year, 3-year, and 5-year overall
survival rates for surgery for stage IV
primary SCC (n = 42) were 70.5%,
51.7%, and 34.5%, respectively (median
39.0 months, 95% CI 5.3–72.7 months).
Cancer-specific survival rates were
81.6%, 71.8%, and 71.8%, respectively.
When comparing outcomes for the first
(n = 6) and second (n = 36) halves of the
study period, both overall and cancer-spe-
cific survival were significantly longer in
the second half for stage IV primary SCC
(P = 0.007 and P = 0.002, respectively).
The 1-, 3-, and 5-year survival figures
for overall survival in the first half were
33.3%, 16.7%, and 0% (median 7.0
or (PPM) flap: multivariable logistic regression

loss (n = 9) 30-day death (n = 5)

P-value OR (95% CI) P-value

) 0.024

10.46 (1.43–76.72) 0.021
9.54 (0.94–97.12) 0.057

 0.044
) 0.052

 shows results for all variables entered into the
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Fig. 1. Decline in acquisition of methicillin-resistant Staphylococcus aureus (MRSA) and
length of hospital admission with time.
months, 95% CI 3.0–11.0 months), and in
the second half were 80.1%, 57.6%, and
44.9% (median 53.0 months, 95% CI
19.1–86.9 months). The 1-, 3-, and 5-year
survival figures for cancer-specific survi-
val in the first half were 44.4%, 22.2%,
and 0%, and in the second half were
91.2%, 79.8%, and 79.8%.

Survival outcomes for all stages of SCC

salvage surgery

The 1-, 3-, and 5-year overall survival
rates for all SCC oncological salvage
procedures, of all stages (n = 37), were
56.4%, 27.3%, and 15.6%, respectively
(median 19.0 months, 95% CI 4.5–33.5
months), and cancer-specific survival
rates were 70.6%, 57.8%, and 33.0%,
respectively (median 46.0 months, 95%
CI 23.4–68.6 months). When comparing
outcomes for the first (n = 17) and second
(n = 20) halves of the study period, over-
all survival was significantly longer in the
second half for oncological salvage SCC
(P = 0.011) and there was a borderline
significant trend towards longer cancer-
specific survival (P = 0.064). The 1-, 3-,
and 5-year survival figures for overall
survival in the first half were 52.9%,
11.8%, and 0% (median 14.0 months,
95% CI 0.0–31.5 months), and in the
second half were 58.9%, 44.9%, and
35.9% (median 31.0 months, 95% CI
0.0–68.5 months). The 1-, 3-, and 5-year
survival figures for cancer-specific survi-
val in the first half were 71.5%, 35.8%,
and 0%, and in the second half were
69.6%, 55.7%, and 55.7%.
Discussion

The PPM flap remains the preferred form
of reconstruction flap in most of the devel-
oping world, as it is relatively quick and
easy to harvest, versatile, and reliable,
whilst free flap surgery may not be pos-
sible because of financial constraints or a
lack of microvascular expertise.13,14 Over
the last decade, major operative series in
which the PPM flap has been the recon-
struction of choice have been published
from Eastern Europe (Croatia),14 South
America (Brazil),13 North America
(Canada),7 and Asia.2 Although free tissue
transfer is now usually the preferred
reconstruction within the developed
world, we have also continued to use
the PPM flap when indicated.

However, it is unknown how frequently
the PPM is used within the UK and what
are considered the current indications. In
this series, the PPM flap was principally
(80.4%) used as the initial preferred recon-
structive choice for mainly advanced dis-
ease of the oral cavity. The most common
primary indications were substantial med-
ical co-morbidity (39.2%), high volume
metastatic neck disease (15.7%), or when
a free flap was considered either not pos-
sible for technical reasons or the risk of
failure was judged too high (13.7%)
(Table 2). The most frequent resection
performed was a hemimandibulectomy
(n = 37), and the majority of these patients
had previously undergone surgery
(n = 16), chemoradiotherapy (n = 14), or
suffered failure of a free flap (n = 11)
(Table 3). A reconstruction plate was only
occasionally used, as the bulk of a PPM
flap alone provides reasonable function in
the context of limited life expectancy and
the incidence of plate-related complica-
tions is high.1,14,15 Only one longer-term
survivor with substantial mandibular drift
and malocclusion underwent late free tis-
sue bone reconstruction. Nearly 30% of
the defects involved a composite resection
of skin, and the PPM flap was combined
with a free flap on three occasions. A small
number of flaps (n = 7) were utilized for
osteoradionecrosis of the mandible, caro-
tid blow-out, or fistula repair (Table 1).

In this series, both the stage of disease
and ASA grade were greater than pre-
viously reported in comparable studies.
The majority (88.3%) of patients with a
primary SCC (n = 77) had stage 4 disease
(n = 68), with 79.2% either T3 (n = 5) or
T4 (n = 56) size tumours, and this was
often combined with substantial co-mor-
bidity (47% ASA grade 3 or 4) (Table 1).
This contrasts with the second largest
series of PPM flaps by Vartanian et al.13

from Brazil in 2004, in which the inci-
dence of advanced T3 or T4 tumours was
lower (61% compared with 79.2%). In
addition, in a series of 70 free and PPM
flaps by Mallet et al.5 from France in 2009,
fewer patients had T3 or T4 (59%)
tumours, and the level of substantial co-
morbidity was lower (ASA grade 3, 26%
compared with 45%).

An increasing number of PPM flaps
were used in the latter half of this series
and several factors may have influenced
this outcome. The use of a PPM flap was
not related to the incidence of free flap
failure or ASA grade. The ASA co-mor-
bidity classification system probably lacks
sufficient sensitivity to detect whether
there is an underlying trend of increasing
levels of co-morbidity, so we have now
introduced a more detailed co-morbidity
score. Although there was no detectable
increase in the stage of disease across the
study period, there was a significantly
(P = 0.008) greater number of primary
stage IV SCC treated in the second half
of the series and this may indicate a more
aggressive surgical approach to treatment.
The introduction of the multidisciplinary
team may have encouraged a more cau-
tious approach to the choice of reconstruc-
tion and there may also be an element of
increasing patient choice in the decision.
Patients now receive increasingly detailed
information about functional outcomes
and flap success rates following the intro-
duction of a surgical planning proforma.16

Those patients with substantial co-mor-
bidity and advanced disease are likely to
have a relatively poor prognosis and may
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Fig. 2. Overall and cancer-specific survival for primary stage IV squamous cell carcinoma
(SCC) (n = 42). (a) Overall survival. (b) Cancer-specific survival. The 1-year, 3-year, and 5-year
overall survival rates for surgery for primary stage IV SCC were 70.5%, 51.7%, and 34.5%,
respectively (median 39.0 months, 95% CI 5.3–72.7 months), and for cancer-specific survival
were 81.6%, 71.8%, and 71.8%, respectively.
prefer a PPM flap because of the reduced
donor site morbidity and greater flap suc-
cess rate when compared to a composite
free flap in particular.4 Over half (57%) of
the patients had previously undergone
surgery and/or chemoradiotherapy, or
had suffered failure of a free flap, so the
surgeon and patient may have felt they
would be unable to tolerate a free flap
procedure.

A further free flap after salvage surgery
is often successful, but is complicated by
the poor quality of tissues.10,17 The med-
ian ASA grade was lower in the free flap
failure subgroup than the PPM preferred
reconstruction subgroup, confirming that
the latter patients had comparatively
greater pre-existing co-morbidity. A sec-
ond free flap following free flap failure has
a failure rate of 6%17 to 11%,18 but unless
there has been a technical error, a PPM
flap may be perceived as the safer option,
which is more likely to facilitate prompt
postoperative chemoradiotherapy.10

Although, minor complications are com-
mon with the PPM flap, only two patients
in this series required a further significant
operation for major complications.

The use of the PPM flap remains accep-
table as long as the patient has been
informed of the compromised functional
and cosmetic outcomes. This study did not
include a quality of life outcome assess-
ment, but the shortcomings of the PPM are
widely recognized and include: limitations
of pedicle length and arc of rotation,
excessive bulk, frequent minor complica-
tions, sometimes poor cosmesis, and often
late problems such as reduced oral,
shoulder, and neck function, which may
adversely affect the remaining quality of
life.19 However, when Hsing et al.6

reported on a comparison of radial and
PPM flaps for oral reconstruction in 2011,
the only statistically significant advan-
tages with free flap reconstruction were
in mood, speech, and swallowing function.
The duration of the free flap operation was
significantly longer and there was no sig-
nificant difference in the duration of hos-
pital stay (radial free flap 23.8 days vs.
PPM flap 25.2 days). Although a signifi-
cantly shorter length of admission with the
radial flap has been reported (24 vs. 28
days),20 this was longer than our recent
experience with the PPM flap (mean 20.8
days). The issue of long-term gastrostomy
dependence should be discussed and the
incidence may be higher with a PPM
flap,21 but is quite variable and relatively
low in our practice (2%).22 An increased
duration of gastrostomy use was related to
advanced disease stage, surgery or multi-
ple operations combined with radiother-
apy, radiotherapy alone, and composite
bone resections, but interestingly not to
the type of flap reconstruction. Of course
many of the selected patients in the current
series already had pre-existing deficits
because of previous therapy; therefore
treatment must be carefully tailored to the
many aspects of the patient’s overall needs.
A formal quality of life assessment may be
appropriate in guiding treatment plan-
ning,23 but is not yet part of our practice.

The majority of patients with oral can-
cer are in poor health and compromised by
smoking and alcohol abuse. The incidence
of PPM flap complications in the literature
is high and ranges from 18% to
36%.1,5,7,13,14,24 Complications are more
frequent following salvage surgery and
within the oral cavity or oropharynx.7–

9,11 The 2% incidence of complete flap
loss in this series is the same as reported by
Milenovic et al.14 in 2006, in the largest
series (10/506), and the typical range is 0–
7%.1,2,13,24,25 Failure of the PPM flap
muscle paddle occurred following over-
extension to obliterate two maxillectomy
defects. The incidence of major (6.9%)
and minor (12.7%) flap loss, including
orocutaneous fistula (10.8%), were also
comparable to the literature (major loss
6–10% and minor loss 8.3–15% or
higher).1,2,13,14,24,25 Flap complications
were unrelated to the type of surgical
resection or previous salvage surgery,
and the incidence declined in the second
half of the study, possibly because of
refinements in surgical technique. How-
ever, major or total flap loss was asso-
ciated with previous free flap failure and
had a borderline association with MRSA.
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Fig. 3. Overall and cancer-specific survival for all stages of SCC salvage surgery (n = 37; one
patient was treated with palliative intent and one patient is alive with recurrent disease; one
patient was excluded from the long-term survival analyses as died within 30 days of operation).
(a) Overall survival. (b) Cancer-specific survival. The 1-year, 3-year, and 5-year overall survival
rates for all stages of SCC salvage procedures were 56.4%, 27.3%, and 15.6%, respectively
(median 19.0 months, 95% CI 4.5–33.5 months), and for cancer-specific survival were 70.6%,
57.8%, and 33.0%, respectively (median 46.0 months, 95% CI 23.4–68.6 months).
The systemic factors associated with all
degrees of flap loss were ischaemic heart
disease, diabetes mellitus, and acquisition
of MRSA. These factors implicate a poor
quality microcirculation and compro-
mised wound healing (Tables 5 and 6).
The majority of patients were managed in
a high dependency unit, and unplanned
ITU admission (4.9%) was associated with
ischaemic heart disease. Mortality within
30 days (5%) was associated with diabetes
mellitus. Lower mortality has been
reported with less advanced disease and
lower levels of co-morbidity, 2.2%13 and
2.7%,24 but is considered acceptable in the
context of otherwise incurable disease as
long as the patient has been fully coun-
selled.

There were several other interesting
findings noted when comparing the first
and second halves of the study period. The
mean duration of hospital admission
decreased significantly from 30.2 to 20.8
days, which is comparable with recent
reports (14–30 days).2,5,7,9 Admission is
known to be substantially longer with
significant complications7,9 and infection
with MRSA.26 The significant reductions
in both MRSA prevalence and duration of
admission in the latter half of the current
study are highly likely to be directly
related (Fig. 1) and this is consistent with
our previous findings following free flap
surgery.26

The 5-year overall (34.5%) and cancer-
specific (71.8%) outcomes in the current
report for stage IV primary SCC compare
favourably with historical data27 (Fig. 2).
Over the course of this study there were
gradual and significant improvements in
treatment outcomes. The 5-year survival
figures for both overall (44.9%, P = 0.007)
and cancer-specific (79.8%, P = 0.002)
outcomes with stage IV SCC were sig-
nificantly better in the latter half (2005–
2012) of the study period. Relatively
recently, postoperative cisplatin-based
chemoradiotherapy regimens have
demonstrated a statistically significant
improvement in loco-regional control, dis-
ease-free survival, and overall survival.28

In 2004 Bernier et al.28 quoted 5-year
overall and ‘progression-free’ survival fig-
ures of 53% and 47%, respectively, for a
broadly comparable cohort of stage III and
IV SCC of the oral cavity, oropharynx, and
larynx. Improved overall 5-year survival
outcomes for SCC of the head and neck
region during the 7-year period up to 2003,
within a region of the UK, have recently
been reported by Drugan et al.27 These
crude outcome measures are consistent
with international trends and the current
study, but require further investigation.

The survival figures following salvage
surgery for malignancy are variably
described and direct comparisons with
other reports are difficult because of
relatively small numbers of patients, dif-
fering anatomical sites, early or late
recurrent disease, and variable previous
treatment modalities. However, in the
salvage surgery subgroup, the 5-year
overall (35.9%) and cancer-specific
(55.7%) survival figures for the latter
half of the current study compare favour-
ably with recent reports.7–11

The introduction of postoperative cis-
platin-based chemotherapy in Leicester
occurred in 2004, and although various
combinations of treatment modalities have
been used in this cohort, the dramatically
improved survival outcomes are likely to
be the result of a relatively aggressive
regimen of weekly concurrent cisplatin
at 40 mg/m2. In our experience this
achieves a similar dose density to that
of Bernier et al.28 (3� 100 mg/m2 every
3 weeks) but is more tolerable in a non-
trial population. One patient died of che-
moradiotherapy-related complications.

One of the limitations of the current
study is that the findings are restricted to
a cohort selected on the basis that recon-
struction was with a PPM because of a
number of adverse factors such as
advanced disease and substantial co-mor-
bidity, or failure of a free flap. Never-
theless, this is a group that would be
expected to have a comparatively poor
outcome. The median duration of follow-
up was comparatively short because
slightly more patients died from other
disease rather than recurrent disease
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and this is a reflection of the high level of
pre-existing co-morbidity rather than
failure of oncology treatment. Further
details are beyond the remit of the current
paper, but these initial findings warrant a
further analysis of a larger, broader
patient group.

The role of the PPM flap has continued
to evolve as free flap surgery has become
established throughout the world. In 2010
Liu et al.29 reported on 202 PPM flaps
performed during the period of 1998–2008
in Hong Kong. The PPM flap was increas-
ingly used for salvage surgery of the oral
cavity, although it was still being used
more frequently for immediate reconstruc-
tion rather than salvage surgery (70%
compared with 29%). In a recent series
by You et al.30 from Korea, over a similar
time period to the current study, 120 PPM
flaps were used for comparable indications
within a practice that also utilizes free flap
transfer. A recent smaller series of 55 PPM
flaps from the USA by Schneider et al.19

described similar findings, but the differ-
ences were that a second free flap was used
more frequently after initial free flap fail-
ure and the PPM flap was more often
combined with a free flap.

To the best of the authors’ knowledge,
this is the largest and most detailed over-
view of experience from the UK. The main
indications were reconstruction for
advanced malignancy, often following
previous surgery and/or chemoradiother-
apy treatment, and failure of a free flap,
frequently in the context of substantial
pre-existing co-morbidity. When compar-
ing the first and second halves of the study
period, there were significant declines in
recurrent disease, MRSA acquisition, and
duration of admission, and a trend towards
less PPM flap loss (all degrees). Through-
out the study period cancer survival rates
improved dramatically. These outcomes
support the strategy of aggressive surgical
treatment in this most challenging of
patient groups.
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Abstract

In general, the pedicled pectoralis major (PPM) flap has become a secondary
choice for reconstruction in the developed world while remaining popular
within the developing world. The pectoralis major flap is utilised in varying
proportions as either the preferred reconstruction or for salvage reconstruc-
tion following freeflap failure, furtherdiseaseor complications.Refinements
in surgical technique and an experienced surgeon may yield high total flap
success rates with modest levels of wound complications. The pectoralis
major flap is particularly useful with serious or multiple comorbidities,
advanced disease, and previous surgery and/or chemoradiotherapy. It has
primarily been used for reconstruction of extended radical neck dissection,
posterolateral mandible, large glossectomy and oropharyngeal defects, and
occasionally togetherwitha freeflap.Asecondfreeflaphas increasinglybeen
used after initial failure, particularly in the larger centres, but the PPM flap
probably remains the most commonly used salvage option. The needs of the
local population vary, survival outcomes are improving and patient choice
maybecomeanincreasing factor inflapselection.

Clinical relevance

The pedicled pectoralis major flap has largely been
superseded by free tissue transfer as the reconstruc-
tion of choice, but it remains a valuable reconstruc-
tive option within centres practicing free tissue
transfer and throughout most of the developing
world. There is surprisingly little information on the
use of the pectoralis major flap within the context of
surgical units practicing free tissue transfer. This
article seeks to clarify the frequency and range of
current indications.

Introduction

The pedicled pectoralis major (PPM) flap has been suc-
cessfully used for reconstruction of the maxillofacial
region as a ‘workhorse’ flap for over three decades1–4.
During this period, free tissue transfer has become the
preferred reconstruction with success rates of 90–95%

or higher5–11, fewer complications and better functional
outcomes5,12–19. Recent developments include perfora-
tor flaps20–24 with an emphasis on improving cosmetic,
functional and quality-of-life outcomes together with
less morbidity15,23,25–27.

In general, the PPM flap has become a secondary
choice in the ‘developed’ world while remaining
popular in the ‘developing’ world. The recent major
series are from: Eastern Europe (Croatia)28; South
America (Brazil)29,30; and Asia (India)4,31, (Taiwan)25

and (Korea)32. While reports from the developed world
are typically smaller and collected over a longer time
period: North America (Canada)33, (USA)34–36 and
Europe (Ireland)16, (UK)37,38.

Although maxillofacial surgical units within Western
Europe continue to use the PPM flap, few other units
have reported their experience11,39. Within the litera-
ture, the PPM flap has mainly been compared with the
radial free flap. It is timely to review the qualities of the
PPM flap and the current indications.
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Advantages

The advantages include: relatively quick and easy to
harvest, good coverage, versatile, and reliable28,29,36

(Table 1).
The initial costs of free tissue transfer are greater

because of infrastructure, personnel and equipment33.
However, the overall financial burden is often similar
once duration of admission, complications and subse-
quent care has been considered12,33,40–45. The greater
cost of composite free flap reconstruction has been
justified by improved functional outcomes42. Financial
comparisons between differing health-care systems are
complex and strongly influenced by medical complica-
tions,46 but within the developing world, the costs, to
both patient and institute, are often4 but not always
prohibitive47.

The PPM flap is often considered a lesser procedure
than a free flap, but it is unclear whether overall mor-
bidity is lower because of selection bias and confound-
ing clinical factors. Retrospective comparisons have
failed to demonstrate major differences16,25,44,48, but the
shorter operation duration12,15,25,44,48 with a PPM flap
should result in fewer medical and surgical complica-
tions8,49,50. A two team approach reduces the operating
time with free tissue transfer but is also usually possible
with the PPM flap except for creation of the cervical
tunnel. The lack of a microvascular anastomosis, at risk
of revision or failure, may be beneficial with the com-
promised patient37.

The duration of hospital admission with the PPM flap
and free tissue transfer are similar. The long mean
duration of admission and high incidence of reoperation
reported by O’Neill et al. (Ireland)16 with the radial (34.3
days) and PPM flap (29.6 days) are unusually prolonged
compared with other recent reports (radial 18–24 days
and PPM flap 23–25 days)15,25,45 and the Leicester

experience (free tissue 20 days and PPM flap 21 days)51.
Shorter admissions with the PPM flap have been
described (9 and 10 days)30,34,52 and duration varies with
procedure (7.5 days primary reconstruction and 20 days
salvage reconstruction)36. All series are skewed by out-
liers with infective, cardiorespiratory and alcohol-
related complications33,46,53,54. There are increasing
demands, often financial, to discharge promptly and in
many specialties to introduce enhanced recovery
pathways55–59.

Disadvantages

Shortcomings include: restricted arc of rotation and
pedicle length with a watershed at the zygomatic arch
and superior tonsillar pole16. The cosmetic result is
compromised by the supraclavicular bulge, skin colour
match, unwanted hair and gravity4,25,36,60. Radiotherapy
may cause epilation but reduction of excessive bulk is
difficult because of delayed healing following radio-
therapy. The bulk and limited pliability vary with body
habitus but make it unsuitable for smaller or superficial
defects. Retrospective comparisons with the radial free
flap demonstrate inferior speech function12–14,16 as the
thin, pliable radial flap facilitates speech and swallow-
ing function17. Late contracture with reduced shoulder
and neck function adversely affects quality of life36,61,
although effects may be ameliorated with botulinum
therapy62,63 or pedicle resection with Z-plasty36

(Table 2).
Greater complications and gastrostomy dependence

with the PPM flap following pharyngeal reconstruc-
tion and radiotherapy are based on historical data64.
Recent studies, primarily with oral malignancy,
revealed comparable gastrostomy dependency over
the short and longer term15,44. In the Leicester experi-
ence, prolonged gastrostomy duration was unrelated
to the type of flap but associated with advanced stage,

Table 1 Advantages of the pectoralis major flap

Quick and easy to harvest

Reliable anatomy

Microsurgical skills not required

No microvascular anastomosis

Versatile design

Muscle and skin coverage

Short operation

Minor donor site morbidity

Most complications managed conservatively or minor treatment

Total failure rare

Occasional major secondary operation

Best used for large defects tongue, lateral mandible, and pharynx, parotid

and neck. Coverage of major vessels and brachytherapy tubes, closure

fistulae

Table 2 Disadvantages of the pectoralis major flap

Restricted arc of rotation

Limited pedical length

Excessive bulk

Limited pliability

Frequent minor wound complications

Supraclavicular bulge

Poor skin match

Hair growth

Deformity of chest wall donor site

Variable and limited functional outcomes

Restricted neck movement, discomfort and deformity

Not ideal for small or superficial oral soft tissue defects, anterior segmental

mandible, soft palate or maxilla.
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surgery with radiotherapy, radiotherapy alone and
bone resections65.

The quality-of-life domains of most importance are
speech, chewing and swallowing66,67. The worst func-
tional outcomes occur with stages 3 and 4 disease and
combination therapy67. Hsing et al.25 reported the
largest comparison of the PPM flap with free tissue
transfer for mainly tongue and buccal defects in 100
East Asian patients. There were significant disadvant-
ages in mood, speech and shoulder function but not
for the majority of outcomes including global quality
of life. Outcomes may be influenced by many factors
including cultural and ethnic considerations, and
higher global quality-of-life scores have been reported
in South American68 and Western studies66.

Complications

The incidence of complications is high (18–
63%)3,4,15,28–30,32,33,52,69,70, and minor wound compli-
cations are more frequent than with free tissue
transfer18,19. Complications are greatest following
salvage surgery, at oral cavity and pharyngeal
sites30,33,54,64,71,72, and are variably described as either
associated with30,34,52,73 or unrelated to16,29,32,54,72,74 radio-
therapy. Many other factors have been inconsistently
linked including: smoking, age, diabetes mellitus, low
albumin, obesity, male or female gender, prolonged
operation, and an inexperienced surgeon32,52,60,69,75. In
recent retrospective comparisons with free tissue trans-
fer wound dehiscence15,16 and blood loss25 were greater
with the PPM flap, but there were often no other sub-
stantivedifferences16,25,44,48.

The incidence of total flap failure (muscle and
skin paddle) ranges from 0% to 7%3,4,28–30,32,35,69,70,76

and is generally lowest (0–2%) in recent
reports4,28,30,32,34–36,70,76,77 including the Leicester experi-
ence38. Major (4–10%) or minor (8–15% or higher)
partial skin flap loss and orocutaneous fistulae
(3–29%) are frequent3,4,28,29,32,34,35,69,76 but lower in
recent reports and only occasionally delay adjuvant
treatment. Conservative wound care procedures are
common (10–50%)16,33,34,38,60 but major secondary
surgery infrequent (2–5%)4,28,34,35,38,69. In the Leicester
study, a reduction in complications coincided with a
reduced incidence of methicillin-resistant Staphylococ-
cus aureus38,51 and possibly increasing surgical experi-
ence48,60. Donor site complications are usually minor
and occur in 4–6%28,35,76. Pulmonary function may be
reduced with advanced lung disease78. Complications
related to rib harvest and bipaddle flaps are largely of
historical interest69,79.

Refinements in surgical technique

The inferior pectoral muscle border should be identi-
fied early to locate the skin paddle entirely over muscle
and medial to the nipple to capture major perforating
vessels. Ultrasound localisation is an option77. Exten-
sion over the rectus sheath should be avoided35,48, and
therefore, the inframammary position is not advised
for larger inferiorly displaced breasts35. Full division of
muscle and nerve attachments with skeletonisation of
the pectoral vascular pedicle is safe28,48 (Figs 1, 2).
Preservation of the lateral thoracic artery3 with release
of pectoralis minor76 is optional but should not com-
promise passive pedicle length. Bipaddle flaps80 are

Figure 1 Retraction of pectoralis minor and mobilisation of pectoral

branch vascular pedicle (arrow) which may be skeletonised.

Figure 2 Complete mobilisation of pectoralis major muscle insertion

(arrow cephalic vein).
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usually too bulky. Division of the skin paddle creates a
separate extension, but the distal skin perfusion is
unreliable (Fig. 3).

The thinner muscle only81 or myofascial32,72,81 flap
variants, either with or without a skin graft, are reliable
and the donor site is easily closed, but they are probably
not widely utilised because of concerns about contrac-
tion. The true island musculocutaneous paddle variant
minimises muscle pedical bulk and has been success-
fully used, most often in the developing world: Brazil29,
India82 and Korea48. The subclavicular route provides
2–3 cm of extra pedical length but may be technically
difficult with obese patients or bulky flaps29, and the
incidence of total flap necrosis may be high (7%)83.
Attempts to minimise donor site morbidity with a seg-
mental muscle design73 or thinner flaps based on iso-
lating skin perforating vessels with84 or without the
muscle component85 have been described in relatively
small series with limited success.

Current indications

Preferred flap reconstruction

The frequency of utilisation as a first choice flap ranges
from 5% to 62% within the few series indicating the
relative proportions of free and PPM flaps (5% of 1120
flaps, USA)36, (17% of 4730 flaps, China)86, (42% of
137 flaps, India)4 and (62% of 491 flaps, Taiwan)25. The
latter study contained few composite free flaps (1.4%)
so the upper range limit is probably usually lower. A
2001 review of academic otolaryngology practice, in
the USA, revealed the PPM flap remained twice as
popular as free tissue transfer87.

Within series of just PPM flaps, the indications are
often inconsistently subdivided in to the preferred

reconstruction for primary disease or salvage recon-
struction for complications, free flap failure or further
disease. In 2010, Liu (Hong Kong)76 still preferred the
PPM flap for immediate reconstruction (70%) but in the
latter part of the series, less frequently for tongue resec-
tions (48% reduced to 24%) and more often for salvage
surgery (8% increased to 29%). The frequency of use as
the preferred reconstruction ranges from 33% to
97%4,32–34,36. There are often several main indications
including: financial (36%)4, comorbidity (21–40%)4,38,
extended radical neck dissections (13–20%) and vessel
depletion (9–14%)4,32,38,76. In the Leicester experience38,
the PPM flap was preferred on 80% of occasions, pri-
marily for substantial comorbidity (40%), and often for
lateral mandible (36%), glossectomy (19%), extended
radical neck (15%) or parotidectomy (8%) procedures,
and vessel depletion (14%) (Figs 4–6). The stage of
disease15,29, American Society Anesthesiologists grade15,
comorbidity4,32 and incidence of previous malig-
nancy4,30,32,76,88 weregreater than incomparablestudies.

The aging population within the developed world
has increasing levels of multiple comorbidities89–92. In

Figure 3 De-epithelialisation to create an intraoral musculocutaneous

paddle. The distal skin blood supply is precarious.

(A)

(B)

Figure 4 (a,b) Hemimandibulectomy defect with soft tissue oral recon-

struction but no bone component is at risk of dental malocclusion.
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head and neck oncology, this is often caused by
tobacco and alcohol abuse with an adverse impact
on prognosis, mortality, morbidity, quality of life and
costs90,92–95. In the Leicester study38, one quarter
were of Asian origin, and this subgroup has an
increased prevalence of oral cancer96,97, diabetes
mellitus and cardiovascular disease, with the latter
comorbidities associated with increased complications
and mortality98–106, including flap-related complica-
tions38. The multidisciplinary team process25 together
with increasing patient education and preference25,107

may increasingly influence the choice of reconstruc-
tion. Both patient and surgeon may perceive the PPM
flap as a safe compromise in the context of previous
treatment, substantial comorbidity, advanced disease
and poor prognosis37. Patient opinions are most
important for bone flaps because of the greater donor
site morbidity108 and lower success rates (93%)39. A
PPM flap provides reasonable mandibular function
in the context of limited longevity and without a
reconstruction plate that is often compromised
by complications3,28,31,109–111. Hsing et al.25 noted that
functional benefits of free flap reconstruction at the
buccal site were lower than the tongue in an East
Asian population. Also, in Leicester, oral submucous
fibrosis is common, and significant trismus persists
after surgery (Fig. 7). Kekatpure et al.31 suggested
excision of the entire fibrotic masticatory apparatus.

Interestingly, survival and disease control outcomes
for advanced malignancy seem to be improving within
the UK112, including Leicester38, probably following the
introduction of Cisplatin therapy113. These findings
emphasise the need to constantly refine the complex
treatment decision-making process.

(A)

(B)

(C)

(D)

Figure 5 (a,b) Metastatic carcinoma fungating in neck and repaired with

PPM flap. (c,d) Rim resection of mandible with soft tissue reconstruction

and good dental occlusion.

Figure 6 Radical parotidectomy with skin resection defect. The

zygomatic arch is the superior watershed area.
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In conjunction with a free flap

Two free flaps may optimise functional reconstruction
for large composite defects but substantially increase
both complexity and operation duration31,114,115. Flap
survival of 95% has been reported115, but a recent
review from Liverpool (UK)39 concluded that overall
success rates were lowered. Free tissue transfer may be
successfully combined with a PPM flap, particularly for
lateral mandible defects or extended radical neck dis-
section following irradiation116,117. However, this option
has been utilised infrequently in Leicester (3%)38 and
elsewhere (1%)28. Schneider et al.36 occasionally uti-
lised a PPM flap (5%) but often combined it with a free
flap (33%).

Salvage reconstruction following complications

The PPM flap retains an established role in the manage-
ment of surgical complications. Liu et al.33 utilised a
minority (17%) of PPM flaps for salvage reconstruction
(including free flap failure). Complications were sig-
nificantly more frequent in the salvage group (55%)
than primary surgery group (31%) with a trend towards
association with smoking, increased comorbidity and
the oral cavity site. Salvage following complications
is a minority indication in most series with typical
indications including: orocutaneous fistula (1–5%),
osteoradionecrosis (0–5%), major vessel protection
(1–3%), or rupture (1–2%), obliteration of dead space,
coverage of exposed hardware or wound breakdown
(1–4%) (Fig. 8)4,33,36,38,76. Exceptions include the high
incidence of pharyngeal fistulae and major vessel expo-
sure, 17%76 and 51%32, associated with radiotherapy in
someotolaryngologypractices.

Salvage reconstruction following free flap failure

Reconstruction following partial or complete free flap
failure is often necessary for large or composite defects,
exposure of vital structures or hardware, and to facili-
tate prompt adjuvant chemoradiotherapy. The diffi-
culties include: enhanced comorbidities, malnutrition,
wound breakdown and infection, poor tissue vascular-
ity, previous surgery and/or chemoradiotherapy, lack
of recipient vessels, and psychological issues118.

Wei et al. performed 35% (6/17)21 to 53% (17/32)9

of salvage reconstructions with a second free flap and
described failure with a PPM flap as relatively common
(13%, 2/15)9. A second free flap was preferred for 70%
of salvage reconstructions in both Liverpool (UK) (22/
31)39 and Texas (USA) (28/40)119. The failure rate for
immediate second reconstructions is based on small
numbers and is generally slightly higher – 4%
(1/28)119, 5% (1/22)39, 6% (1/17)9, 8% (1/12)120 and
11% (1/9)121 – but occasionally substantially greater –
25% (5/20)36, 27% (22/30)122 and 47% (7/15)123.
Contralateral and transverse cervical vessels have been
increasingly utilised, and vein grafting has been
avoided9,119,124,125. The majority of second free flaps

Figure 7 Total glossectomy in an Asian patient with trismus caused by

oral submucous fibrosis.

(A)

(B)

Figure 8 (a,b). Radiation damage with exposure of carotid artery (arrow)

protected with PPM flap.
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were not bone flaps, and other failures were mainly
reconstructed with a PPM flap. In Leicester, the PPM
flap remains the preferred salvage reconstruction in
the absence of technical error and particularly with
lateral mandible or large tongue defects as flap com-
pression is minimised. The PPM flap success rate was
95% (19/20), although major partial skin flap loss was
more common38.

Overall, the PPM flap probably remains the most
frequently used reconstruction salvage option. The
case is most compelling with substantial comorbidity,
advanced or further disease with a limited prognosis,
and large tongue, oropharyngeal or lateral mandible
defects31,70,126. Free tissue reconstruction of the mandi-
ble is the ideal127 and achieves good quality-of-life out-
comes128, but no comparable studies exist following
salvage reconstruction. Functional outcomes with
small numbers of PPM flap salvage reconstructions
may be worse but are adversely influenced by case
selection bias119.

Salvage reconstruction of recurrent or further
primary disease

Free tissue reconstruction is effective for both recur-
rent and further primary disease111,129–133 with
comparable or slightly lower flap success rates after
irradiation. However, complications are more fre-
quent111,119,125,131,133, especially with segmental mandi-
ble defects, larger flaps and active infection111. It is
unclear how often a free flap is selected in preference
to a PPM flap for recurrent disease, but within
respective series, the proportion of free flaps used
typically ranges from 1% to 36%5,6,131,134 and PPM
flaps from 13% to 52%4,30,32,72,76,88.

Unfortunately, the prognosis for recurrent disease is
poor132,135–140 so free tissue transfer may not be appro-
priate. However, the PPM flap remains a versatile
option4,33,37,38,52,54,71,76,141, although complications are
frequent at all sites (53–63%)52,54,72 or following
surgery with radiotherapy52. The rate of ‘successful
reconstruction’ is variable (50–93%)30,54,72, but these
studies have small sample sizes, multiple clinical
variables, differing reconstruction and radiotherapy
regimens, and variable outcome definitions. In the
Leicester study38, a comparatively higher proportion of
further malignant disease (37%) was managed (2%
with palliative intent) without significant increases in
either general or flap related complications. Manage-
ment of oropharyneal or laryngeal disease with
chemoradiotherapy142–145 may increase the need for
future salvage reconstructions4,52.

Summary

The evidence for this review is mainly based on retro-
spective case-series or cohort studies (levels III and
IV)146. The PPM flap remains a valuable versatile
reconstructive option both in centres practicing free
tissue transfer and throughout the developing world.
The flap is utilised in varying proportions as either the
preferred choice of reconstruction or for salvage
reconstruction following free flap failure, further
disease or surgical complications. A refined surgical
technique and an experienced surgeon may yield total
flap failure rates comparable or better than free tissue
transfer. A combination of adverse factors, such as
serious or multiple comorbidities, advanced disease
and previous treatment, is a common indication.
The defects most commonly reconstructed include
extended radical neck dissection, lateral mandible,
large glossectomy and oropharyngeal defects. In some
major centres, a second free flap is increasingly used
after initial failure as success rates improve. However,
the PPM flap probably remains the most commonly
utilised salvage option. The PPM flap is occasionally
used together with a free flap. The needs of the local
population vary, and patient choice may increasingly
influence flap selection decisions.
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bstract

he conventional pedicled sternocleidomastoid (SCM) flap has a poor arc of rotation, limited volume and precarious vascularity. This report
escribes a new technique for raising a SCM flap based on the perforating vessels of the superior thyroid vascular pedicle. The upper and
ower attachments of the sternocleidomastoid muscle are divided. Four medically and/or surgically compromised patients have successfully

ndergone reconstruction of hemiglossectomy (1), partial glossectomy (1) and rim of mandible (2) defects for malignancy. The arc of rotation
f the SCM flap is greatly increased and the potential applications for the flap expanded.

2010 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction

he sternocleidomastoid (SCM) flap is conventionally raised
s a superiorly or inferiorly based pedicled flap and may be
ither a muscular, myocutaneous or myo-osseous flap.1 The
ap did not become popular for reconstruction of the oral
avity because of the poor arc of rotation, precarious skin
ascularity, proximity to nodal disease and the introduction of
ree tissue transfer.1,2 This article describes a new technique
or raising the SCM flap based on the perforating vessels of
he superior thyroid vascular pedicle.

ethods and results

conventional transverse cervical incision was preferred
ith no special planning except for a myocutaneous flap. The

kin paddle was positioned directly over the mid to lower

alf of the SCM muscle and the defect closed directly by
dvancing the cervical skin. The sternal and clavicular mus-
le origins were divided 2 cm above the clavicle. The muscle
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as elevated within the investing fascia and the superior thy-
oid vascular pedicle identified and mobilised (Fig. 1). The
uperior insertion of the muscle was divided 2 cm below the
astoid and the accessory nerve preserved (Fig. 2). The bulk

f the flap is composed of the middle third of the muscle.
inimal excision of proximal and distal tissue was under-

aken. The neck dissection was then completed. The greatly
ncreased arc of rotation allowed placement in the floor of
he mouth or tongue without tension (Fig. 3). The technique
as attempted on 5 occasions and 4 procedures were possible

Table 1). On one occasion there were no superior thyroid per-
orating vessels so a conventional superiorly based rotational
ap was utilised but mobilisation was incomplete. All per-
orator flaps survived without complication and functioned
atisfactorily.

iscussion

he SCM flap is a type II flap with a segmental vascular
upply. The dominant superior supply is the occipital and

osterior auricular arteries, the superior thyroid artery and/or
ranches of the external carotid artery supply the middle third
nd there is a variable supply to the lower third from the thy-
ocervical trunk.1,3 The rotational SCM is commonly raised

l Surgeons. Published by Elsevier Ltd. All rights reserved.
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Table 1
Sternocleidomastoid perforator flap procedures.

Nos. Age Gender Disease Stage Previous surgery Previous radiotherapy Resection Type flap

1 75 M SCC T2N2M0 Yes Yes Partial glossectomy/floor mouth Myocutaneous
2 49 M SCC T3N1M0 Yes No Hemiglossectomy Muscle and skin graft
3 65 F SCC T1N1M0 No Yes
4 74 M SCC T4N0M0 Yes No

Fig. 1. Elevation of the inferior aspect of sternocleidomastoid muscle with
identification of the superior thyroid vascular pedicle (arrow) and preserva-
tion of the accessory nerve.

Fig. 2. The superior insertion of the muscle is divided, the vascular pedicle
fully mobilised and the accessory nerve dissected free. A substantial amount
of tissue may be available.

Fig. 3. Muscle only flap utilised for reconstruction of hemiglossectomy
defect required partial skin grafting.
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Rim resection/anterior floor mouth Muscle
Rim resection/lateral floor mouth Myocutaneous

s a superiorly based myocutaneous flap1,4 often with preser-
ation of the occipital and superior thyroid arteries to reduce
he risk of ischaemic complications.1,5,6 However, this sig-
ificantly restricts the arc of rotation and applications for
he flap. A skin island should be positioned directly over
he muscle to preserve the delicate perforating vessels7,8 and
utaneous branch of the superior thyroid artery.9

This new technique is a logical development of the increas-
ng utilisation of perforator flaps. Positioning the vascular
edicle and muscle passively, without kinking, minimises the
isk of ischaemic compromise. The incidence of complica-
ions with a conventional SCM island flap is 20–52% and the

ajority relate to partial loss of the skin paddle.1,4,8,10 Total
ap loss in the largest series of 111 superiorly based SCM
aps was 7.3%.4 Complications following radiotherapy were
igher but the extent of the adverse effect is contentious.1,6

otal flap loss in a meta-analysis was 4.2% (12/282).1

In this series the SCM flap was selected when a free flap or
ectoralis major flap were not ideal because of local factors
nd/or medical co-morbidity. The perforator SCM flap is con-
raindicated with significant radiation damage, if the vascular
edicle cannot be mobilised and when complete coverage of
he major neck vessels is essential. The established use of
elective and modified radical neck dissections means safe
ncological principles are not contravened with an N0 neck
r with discrete nodal involvement not involving the SCM,
owever no survival data is available.1,6

In this limited experience the SCM flap was effective for
epair of small to medium sized defects of the lower oral
avity in patients compromised by previous treatment and/or
o-morbidity. The use of the flap may now be expanded.
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!

Introduction!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!i!
!

The! planning! and! undertaking! of! major!
maxillofacial!oncology!surgery! is!both!complex!
and! challenging.! The! management! involves! a!
number! of! specialist! investigations! and!
opinions! and! success! is! dependent! upon! a!
multidisciplinary! approach1.! Treatment! affects!
many! important! functions,! the! surgical!
techniques! utilised! are! complex! and! the!
incidence! of! complications! are! known! to! be!
relatively! high.! Good! communication! is! an!
essential! component! of! surgical! practice2! and!
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INTRODUCTION:! The! planning! of! major!

maxillofacial! oncology! surgery! is! both! complex!

and! challenging.! Treatment! affects! many!

functions,! the! surgical! techniques! utilised! are!

complex! and! the! incidence! of! complications! is!

relatively! high.! Good! communication! is! essential!

in! the! process! of! obtaining! and! documenting!

informed!consent.!This!audit!assessed! the! impact!

of! introducing!a! structured!proforma!designed! to!

improve! the! quality! of! record! keeping! at! the!

planning!stage!prior!to!surgery.!

!

METHODS:!A!retrospective!audit!was!performed!of!

three!groups!of!30!case!records!randomly!selected!

from! 3! periods! over! the! last! decade.! The! first!

period!was!prior!to!the!use!of!the!proforma!(nonO

proforma! group!1999! O! 2002),! the! second!period!

was! soon! after! introduction! (early! proforma!

group!2003!O!2006)!and!the!third!period!was!when!

use! should! have! become! established! (late!

proforma!group!2007!O!2009).!

!

RESULTS:!There!was!a!statistically!significant!and!

progressive! improvement! in! the! number! of!

individual! variables! documented.! Improvements!

were!most!noted!in!the!detailed!documentation!of!

the! operation! plan,! potential! complications! and!

aftercare!advice.!

!

CONCLUSIONS:! The! use! of! a! structured! planning!

proforma! has! led! to! a! significant! and! sustained!

improvement!in!the!quality!of!documentation.!The!

proforma! is! also! a! potentially! valuable!

educational! tool! as! it! provides! a! logical!

framework!within!which!the!surgical!trainee!may!

be! guided! through! considering! all! the! important!

aspects! of! care.! The! format! of! the! proforma!

continues! to! evolve! and! the! concept! will! be!

developed!as!an!electronic!version.!
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the! importance! of! obtaining! informed! consent!
has! become! a! key! component! of! the! surgical!
journey3.! The! quality! of! the! surgical!
consultation!record!has!received!relatively!little!
attention! but! one! study! demonstrated! that! a!
general!surgery!practice!did!not!meet!the!basic!
criteria! recommended! by! the! General! Medical!
Council4.!It!is!also!well!known!that!the!majority!
of! operation! records! in! the! United! Kingdom!
(UK)! continue! to! be! hand! written5! and! that!
operation! records! frequently! lack! basic! or!
critical! elements! yet! may! often! include!
irrelevant!details5C7.!This!may!be!the!result!of!a!
number! of! factors! including:! lack! of! training,!
time!constraints,!complexity,!limited!awareness!
and! tiredness.! It! is! likely! that! similar! factors!
also! apply! at! the! consultation! and! planning!
stages!before!surgery.!!
!
Ideally,! medical! records! should! be! of! the!
highest! standard! to! protect! the! patient! and!
facilitate! good! quality! care! and! clinical!
governance,!audit,! research,!education,!and!the!
management!of!medicoClegal!litigation.!The!aim!
of! this! audit! was! to! assess! the! quality! of!
documentation! both! before! and! after! the!
introduction! of! a! novel! planning! proforma!
designed! to! facilitate! the! process! and!
documentation! of! obtaining! informed! consent.!
The! authors! are! not! aware! of! any! similar!
studies! using! a! template! based! approach! for!
organising!the!complex!information!provided!to!
maxillofacial!oncology!patients.!!
$
Planning$proforma:%%
The!proforma!is!kept!in!the!case!record!and!acts!
as! a! focus! for! reviewing! and! documenting! the!
clinical! management! by! the! surgical! team.!
Additional! written! entries! and! treatment!
summary! letters! are! created! in! the! usual!
manner.! The! proforma! is! composed! of! 14!
sections!and!provides!a!comprehensive!analysis!
of! tumour! site! and! stage,! investigations!
required,! treatment! plan! for! surgical! resection!
and! reconstruction,! general! advice! on! the!
principles! of! management! and! potential!

complications,!specific!advice!about!the!surgical!
procedures! and! any! associated!morbidity,! and!
additional! multidisciplinary! support.! Finally! it!
acts!as!a! record!of! the! length!and! frequency!of!
the! consultations! and! to! ensure! that! the! staff!
member! entering! the! information! is! readily!
identifiable.!(Figure!1).!!
!
!

Methods!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!i!
!
Data! was! collected! from! a! retrospective!
analysis! of! randomly! selected! records! from! a!
contemporaneous! oncology! database! at! the!
University!Hospitals!of!Leicester! (UK)!between!
December! 1998! and! December! 2009.! Only!
patients! undergoing! major! maxillofacial!
oncology!surgery!and!reconstruction!with!a!free!
or! pedicled! flap! were! included.! A! total! of! 90!
case! records,! comprised! of! 3! groups! of! 30!
records,! were! analysed.! Each! group! was!
selected! from! one! of! 3! time! periods.! The! first!
group! included!patients! treated!before! the!use!
of! the! proforma! (nonCproforma! 1999! C! 2002),!
the! second! group! was! from! soon! after! the!
introduction! of! the! proforma! (early! proforma!
2003! C! 2006)! and! the! third! group! was! from!
when!use!of!the!proforma!should!have!become!
established!(late!proforma!2007!C!2009).!!!
!
The! proforma! was! constructed! by! a! senior!
member! of! staff.! The! RCSE! Good! surgical!
Practice! was! used! for! assistance! with!
construction3.! Other! standards! employed!were!
clinical! experience,! expert! opinion! and! local!
hospital!protocols.!!
!
Examination! of! the! case! records! included;! the!
proforma! if! present,! handwritten! entries,!
consent!forms!and!clinic! letters.!Sixty!variables!
were!identified!and!subdivided!in!to!5!domains;!
initial! management! (15),! operation! plan! (10),!
complications! (15),! postoperative! care! (8)! and!
specialist!support!(12).!!
!
Figure!1.!Planning!proforma!
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!

!

Statistical!Methods!!!!!!!!!!!!!!!!!!!!!!!!!i!
!
Baseline! characteristics! and! individual!
proforma! variables! were! compared! between!
cohorts!using!the!ChiCsquared!or!Fisher’s!Exact!
test! as! appropriate.! Percentage! completion!
rates! of! all! applicable! variables! as! well! as! of!
relevant! grouped! domains,! within! each!
proforma,! were! compared! using! the! MannC
Whitney!U!test.!
!
!

Results!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!i!
!
There!was!no!significant!difference!between!the!
3!groups!in!terms!of!age,!gender!or!rate!of! ‘not!
applicable’!variables.!
!

Rates!of!omission!!

There!were! 8! (27%)!missing! proformas! in! the!
early! proforma! group! and! 4! (13%)! in! the! late!
proforma! group.! In! these! cases! the! records!
were! less! complete! but! the! numbers! too! small!
to! demonstrate! a! statistical! difference.! A!
significantly! lower!omission!rate! for!applicable!
variables!was!noted!when!comparing! the!early!
(mean! 38.5%,! range! 5.0C68.3%)! and! nonC
proforma! (mean! 59.2%,! range! 35.0C80.0%)!
groups! (P<0.001).! The! late! proforma! group!
demonstrated! a! significantly! lower! overall!
omission!rate!(mean!28.0%,!range!10.2C58.3%)!
than! both! the! nonCproforma! (P<0.001)! and!
early!proforma!(P!=0.003)!groups!(Figure!2).!!
!
Figure! 2:! Percentage! of! applicable! variables!

omitted! in! case! records.!

!
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Documentation!of!variables!

There! was! a! substantial! improvement! in!
documentation! for! 24! variables! (40%)! when!
comparing! the! nonCproforma! and! early!
proforma! groups! and! 38! variables! (63.3%)!
when! comparing! the! nonCproforma! and! late!
proforma! groups.! This! included! variables! such!
as;! grade! of! surgeon,! tumour! map,! dental!
extractions,! pain,! swelling,! infection! and!
recurrent! disease! (P<0.001).! When! comparing!
the! early! and! late! proforma! groups! there! was!
significantly! improved! documentation! for! 16!
variables! (26.7%)! including;! investigation!
results,! speech! impediment,! donor! site!
morbidity! and! physiotherapy! (P<0.001)! but!
poorer! documentation! for! two! variables;!
lymphoedema! (P! =! 0.005)! and! pain! team! (P! =!
0.001)!(Tables!1C5).!
!
!

!

Table! 1:! Individual! variables! analysed! for! the!

planning! stage! with! statistical! comparison!

between!groups!(P!Value).!Initial!Management!

!

!

!

!

!

!

!

!

!

Table! 2:! Individual! variables! analysed! for! the!

planning! stage! with! statistical! comparison!

between!groups!(P!Value).!Surgical!Procedures!

!

Variable Non-
Proforma 
vs. Early 
Proforma 

[1999-2002] 

Non-
Proforma 

vs.  
Late  

Proforma 
[2003-2006]  

Early 
Proforma 
vs. Late 

Proforma 
[2007-2009] 

PEG! 1.00 1.00 1.00 
Tracheostomy! 0.611 0.611 1.00 
Neck!dissection! 1.000 0.663 0.659 
Classification!of!
neck!dissection!

0.670 1.00 1.00 

Resection! 0.889 0.012 0.021 
Lip!split! 0.30 <0.001 0.010 
Osteotomy! 0.097 0.010 0.355 
Extractions! <0.001 0.051 0.079    
Type!of!flap! 1.00 1.00 1.00 
Flap!
complications!

0.003 <0.001 0.234 

!
!
!

!

!

Table! 3:! Individual! variables! analysed! for! the!

planning! stage! with! statistical! comparison!

between!groups!(P!Value).!Complications!

!

Variable Non-
Proforma 
vs. Early 
Proforma 

[1999-2002] 

Non-
Proforma 

vs.  
Late  

Proforma 
[2003-2006]  

Early 
Proforma 
vs. Late 

Proforma 
[2007-2009] 

Swelling! <0.001 0.020 0.091 
Pain! <0.001 <0.001 0.317 
Immobility! 0.197 <0.001! 0.002 
Prolonged!
hospitalisation!

0.011 <0.001! <0.001 

Infection! <0.001 <0.001! 0.152 
Scar! 0.067 0.020! 0.602 
Lymphoedema! 0.080 0.492! 0.005 
Disfigurement! 0.706 <0.001! <0.001 
Speech!
impediment!

0.100 <0.001! <0.001 

Eating!
impediment!!

0.002 <0.001! 0.011 

Donor!site!
morbidity!

0.012 <0.001! <0.001 

General!
morbidity!

0.002 <0.001! 0.145 

Altered!sensation! 0.002 <0.001! 0.038 
Recurrent!
disease!

<0.001 0.001! 0.771 

Secondary!
surgery!

0.001 <0.001! 0.004 

!
!
!

Variable Non-
Proforma 
vs. Early 
Proforma 

[1999-2002] 

Non-
Proforma 

vs.  
Late  

Proforma 
[2003-2006]  

Early 
Proforma 
vs. Late 

Proforma 
[2007-2009] 

Disease!Status 
Stage!of!disease! 0.424 0.706 1.00 
Histology! 0.026 0.026 1.00 
Tumour!map! <0.001 <0.001 1.00 
Consultant!name! 0.353 0.488 0.103    
Investigations 
Radiology! 1.00 0.492 1.00 
Haematology! 1.00 0.237 0.492 
Other!specified! 0.410 <0.001 <0.001 
Results! 0.424 0.492 0.052 
Blood!
transfusion!

0.108 0.002 0.095 

ASA!grade! 0.584 0.787 0.781 
Allen’s!test! 0.382 0.037 0.297 
Treatment!options 
Surgery! 1.00 0.237 0.492 
Radiotherapy! 0.421 0.260 0.062   
Palliative! 0.719 1.00 0.703 
Treatment!plan! 0.371 0.184 0.028   
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Table! 4:! Individual! variables! analysed! for! the!

planning! stage! with! statistical! comparison!

between!groups!(P!Value).!Post!Operative!Care!

!

Variable Non-
Proforma 
vs. Early 
Proforma 

[1999-2002] 

Non-
Proforma 

vs.  
Late  

Proforma 
[2003-2006]  

Early 
Proforma 
vs. Late 

Proforma 
[2007-2009] 

Access!
procedures!

   

Lines! 0.009 <0.001 0.153 
Tracheostomy! 0.849 0.004 0.002 
Repeated!
venepuncture!

0.472 1.00 0.254 

PEG!feed/Nil!by!
mouth!

0.630 0.007 0.002 

Rehabilitation! 
Prosthetics! 0.127 0.001 0.045 
Physiotherapy! 0.599 <0.001 <0.001 
Wound!care! 0.045 0.006 0.506 
Implants! 0.401 0.001 0.013 

!
!
Table! 5:! Individual! variables! analysed! for! the!

planning! stage! with! statistical! comparison!

between!groups!(P!Value).!Specialist!Support!

!
Variable Non-

Proforma 
vs. Early 
Proforma 

[1999-
2002] 

Non-
Proforma 

vs.  
Late  

Proforma 
[2003-
2006]  

Early 
Proforma 
vs. Late 

Proforma 
[2007-
2009] 

Consultations 
Anaesthetist! 0.004 0.020 0.559 
Oncologist! 0.902 0.887 0.792 
SALT! <0.001 <0.001 0.825 
Dietician! <0.001 <0.001 0.434 
Physiotherapist! <0.001 <0.001 0.683 
Pain!team! 0.005 1.00 0.001  
Specialist!nurse! 0.353 0.003 0.067 
Palliative!care! 0.011 <0.001 0.149 
Surgical!leaflet!! 0.002 <0.001 0.284 
Staff!Identity! 
Signature! 1.00 1.00 1.00 
Printed!name! 0.424 0.424 1.00 
Grade!surgeon! 0.001 0.006 0.706 

!
!
There! was! significantly! improved!
documentation! within! all! five! domains! when!
comparing! the!nonCproforma!with! the! early! (P!
<! 0.05)! and! late! (P! <! 0.001)! proforma! groups.!
There!was!further!improvement!in!the!domains!
of!complications!(P!<!0.001)!and!postoperative!
care! (P! <! 0.001)!when! comparing! the! late! and!
early!proforma!groups.!
!

Discussion!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!i!
!
The! introduction! of! a! structured! proforma! at!
the!planning!stage!has!resulted!in!a!substantial!
improvement! in! the! documentation! of! both! a!
wide! range! of! individual! variables! and! the!
overall!percentage!of!variables!recorded.!These!
variables! represented! only! a! selection! of! the!
myriad!of!potential!events!that!could!have!been!
chosen.! The! improvement! was! most! marked!
soon!after!the!introduction!of!the!proforma!and!
was! progressive,! with! further! improvements!
seen! over! a! prolonged! period! of! time.! The!
proforma! was! particularly! effective! at!
documenting! advice! given! on! potential!
complications!and!outcomes!of! surgery.!Whilst!
this! advice! may! have! been! given! in! the! nonC
proforma!group!it!was!not!documented!and!this!
has!important!implications!for!the!quality!of!the!
informed! consent! obtained! and! in! the! event! of!
medicoClegal! litigation.! However,! there! is! still!
room!for!improved!compliance!with!completion!
of!the!proforma!as!new!staff!remain!unfamiliar!
with!the!concept.!
!
A!proforma!based!system!is!convenient!as!most!
of! the! information! is! consolidated! in! one!
accessible!document!which!is!usually!legible.!At!
the! planning! stage! a! wide! variety! of! health!
professionals! may! quickly! identify! the!
management! plan! and! status! of! the!
investigations.! The! proforma! is! also! a!
potentially! valuable! educational! tool! as! it!
provides!a! logical! framework!within!which! the!
surgical! trainee! may! be! guided! through!
considering! all! the! important! aspects! of! care.!
The! topics! covered! in! each! consultation! are!
noted! in! a! tick! box! fashion! with! further!
clarification! on! the! proforma,! clinical! notes! or!
clinic! letter! as! necessary.! The! frequency! and!
length!of!consultations,!together!with!the!grade!
of! surgeon,! are! recorded.! This! document!
supports! the! operation! consent! form,! which!
cannot! alone! represent! the! complexity! of! the!
consenting! process! and! myriad! of! potential!
complications.!!
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The!use!of!templates!for!collecting!basic!data!at!
admission!has!become!more!acceptable!but!has!
not! been!widely! reported8.! At! the! stage! of! the!
operation! note! the! shortcomings! of! the!
conventional! handwritten! record! have! been!
well! documented! and! the! introduction! of! a!
structured! template! has! been! demonstrated! to!
increase! both! the! quantity! and! quality! of!
information! recorded7,9.! Although! dictated!
operation! notes! are! easier! to! read! they! also!
suffer! from! similar! shortcomings! and! there! is!
an!additional!delay!before!the!corrected!record!
reaches! the! notes10.! Increasingly! the! use! of!
computer! based! operation! templates! or!
electronic!synoptic!records!have!been!shown!to!
be! superior! to! dictated! records11C14.! In! 2010!
Park14! demonstrated! good! interobserver!
agreement,! a! significantly! higher! level! of!
completed!data!collection!and!the!records!were!
quick! to! complete! and! rapidly! available.! The!
level!of!data! completion! is! substantially!higher!
than! in! standard! notes! which! often! omit! 40C
50%! of! the! fields! whilst! synoptic! notes! may!
achieve! capture! rates! of! over! 90%9,11.! Even!
though! not! all! fields! are!mandatory! it! is! likely!
the!synoptic!template!acts!as!a!reminder.!!
!
The! scope! of! electronic! synoptic! records! need!
not! be! restricted! to! just! the! operative! record!
and! the! next! stage! for! our! project! will! be! to!
introduce! the! planning! proforma! in! an!
electronic! format! as! part! of! an! integrated! care!
pathway.! Once! on! an! electronic! platform! the!
proforma! may! be! flexibly! designed! to! cover!
common! scenarios! and! include! free! text! boxes!
for! additional! comments13.! The! high! degree! of!
completeness! and! conformity! offers! an!
opportunity! to! standardise! the! quality! of!
records.! Additional! potential! advantages!
include!the!option!of!including!operation!coding!
information!and! the!data! is! unlikely! to!be! lost.!
The! high! quality! of! the! data! should! facilitate!
research,!education!and!audit.!However,!as! the!
amount!of!potential!information!is!limitless!the!
system! should! remain! easy! to! navigate! and!

quick! to! complete! to! ensure! compliance!
remains!high.!
!
!

Conclusion!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!i!
!

The!use!of!a!structured!planning!proforma!has!
led! to! a! sustained! and! statistically! significant!
improvement! in! the! quality! of! documentation!
prior! to! complex! maxillofacial! oncology!
surgery.!The! format!of! the!proforma!continues!
to!evolve!and!the!concept!will!be!developed!as!
an! electronic! version.! The! application! of! a!
proforma! can! be! integrated! into! any! aspect! of!
the!patient!journey.!
!
The! use! of! a! proforma! is! particularly!
encouraged! amongst! the! junior! members! of!
staff! as! it! ensures! no! areas! of! importance! are!
overlooked!during!preCoperative!planning,! and!
serves! as! a! useful! aid! memoir.! We! would!
encourage! all! trainees! to! adopt! a! proforma!
based! practice! and! to! ensure! continuation!
throughout!their!career.!
!
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