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There b  a wicked inclination in most people to suppose an 
old man decayed in his intellects. I f  a young or middle-aged 
man, when leaving a company, does not recollect where he 

laid his hat, it is nothing; but if  the same inattention is 
discovered in an old man, people will shrug up their 

shoulders, and say, "His memory is going"

Boswell, Life of Johnson, vol tv, p 181 1783

Old age is the most unexpected o f all the things that happen
to a man.

Trotsky, Diary in Exile, 1935
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1. Introduction



1.1 Introduction

Fractiu'es of the proximal femur aie an increasing problem and present a 

continuing challenge for Orthopaedic Surgeons.

Each year at least 46,000 people sustain a fracture of the proximal femur- in 

England and Wales and at any one time twenty percent of orthopaedic beds are 

occupied by such patients. The in-patient cost to the health service was estimated 

to be £160 million per year in 1987 (Wallace 1987), such costs will be higher now 

and do not talce into aecormt the costs to the community of the increased demand 

for community based services.

The chance that a man will sustain a fracture of the proximal femur before 

reaching 85 is 5% and for a woman is 12% (Gallagher 1980, Jensen 1980(b), 

Hedlund 1987). The number of elderly people is increasing thr oughout the Western 

world, and coupled with this there is an increase in the mmiber who sustain hip 

fractur'cs (Alffram 1964, Rockwood 1990). A study from Oxford indicated a 

doubling of the annual fracture rate in the period between 1954-58 and 1983 

(Boyce 1985). If  this trend continues, and allowing for the increase in the elderly 

section of the population, there will be 117,000 proximal femoral fr-aetures in the 

year 2016 in England and Wales.

The aetiology of proximal femoral fractures is multifactorial and includes 

osteoporosis, an increased risk of falling and disordered neuromuscular- reflexes. 

Although there has been much research into identifying risk factors for proximal 

femoral fractures no single factor has been conclusively identifred. Even if a cause 

for these fractur es could be found and appropriate treatment instituted it is unlikely



that any reduction in fractui'c rates would oecui' rapidly.

Outcome from these fractures has been almost universally reported as poor with 

a 30 day mortality of 6% (Jensen 1984) and 3 month mortality of nearly 19% 

(Foubister 1989). Only 64% of patients return to their own homes and 24% 

manage to walk without a stick or frame after fractui’c.

Although the original mental and physical state of the patient may have an 

important influence on outcome (Evans 1979(a), Evans 1980) an important 

additional factor is the treatment they receive in the hands of orthopaedic surgeons.

These frail and elderly patients are a vulnerable group who require optimal 

treatment in order for a good result to be achieved. Unfortunately although there 

have been a lar ge number of publications on the treatment of these fr actur es most 

are retrospective, have small nmnbers and inadequate follow-up. In addition almost 

all the published randomised prospective studies have not taken into account 

important determinants of outcome such as mental function.

The humanitarian, medical, social and economic implications of these fractures 

require us to treat those affected by methods that have been shown, in a scientific 

way, to produce acceptable outcomes.



1.2 Anatomy of the hip

1.2.1 Osteology

The hip joint is a ball and socket joint comprising the head of the femur and the 

acetabulum (Fig 1.1).

The socket of the hip joint is a cup shaped concavity formed at the confluence of 

the three components of the bony pelvis, the ilium, the ischium and the pubis. The 

ilium forms the antero-superior two fifths of the acetabulum, the ischium the floor 

and the postero-inferior two fifths and the pubis the antero-superior one fifth. The 

acetabulum is approximately hemispherical in shape. There is a deficiency inferior 

to the rim of the acetabulum called the acetabular notch. The cavity of the 

acetabulum consists of two areas, the central acetabular fossa, which is non- 

articular and the crescentic lunate suiface that articulates with the head of the 

femui". The acetabulum faces antero-inferiorly.

The proximal femur consists of the head, the neck and greater and lesser 

trochanters. The head of the femur is more than half a sphere directed upwards 

medially and slightly forwards. The smoothness of the head is broken just below 

and behind its centre by a small roughened pit, the fovea, into which the 

ligamentum teres is attached. The head of the femur- lies entirely within the capsule 

of the hip joint.

The neck of the femur- is a cylinder approximately five cm in length cormecting 

the head with the shaft of the femur- at an angle of approximately 130 degrees. The 

neck of the femur- does not lie in the same plane as the shaft but is, most usually.



anteverted as it moves from distal to proximal. Thus the transverse axis of the 

head malces an angle with the transverse axis of the distal femoral eondyles. This 

angle varies from twenty degrees of retroversion to thirty eight degrees of 

anteversion. The anterior half of the neck is entirely intraeapsular but only the 

proximal half of the posterior sm-face of the neck lies within the capsule.

The greater trochanter is a large supero-lateral projection of bone at the junction 

of the neck with the shaft.

The lesser trochanter is a conical eminence that projects medially from the shaft. 

The intertrochanteric line joins the greater and lesser trochanters anteriorly and 

mai'ks the junction of the anterior neck with the shaft.

The trochanteric crest joins the trochanters posteriorly and is the junction of the 

posterior neck with the shaft.

The internal structure of the proximal femur- consists of trabecular- bone invested 

by thin cortical bone. The ar rangement of the proximal traheculae are eharaeteristic 

and were first described by Ward in 1838. These can be seen in both sagittal 

sections of the proximal femur- and on radiographs The trabeculae are arranged 

in four- groups (Fig 1.2). The principal compressive group fan out from the calcar 

femorale to the superior aspect of the head and correspond to the principal 

direction of force through the femoral head dirring weight bearing (Garden 1961). 

The secondary compressive group fan out from the calcar- to the lateral shaft and 

greater trochanter. The principal tensile group pass from the fovea to the lateral 

femoral neck and then become the secondary tensile group as they pass from the 

neck to the femoral shaft. With bone loss, such as occur s with osteoporosis, one 

or more of these groups may become less apparent (Singh 1970).



Between the intersection of these trahecula groups lies an area of bone called 

Wai'ds triangle where the traheculae are much less closely arranged. It is along the 

lines of the principal compressive trabeculae and tlirough Wards’ triangle that the 

majority of intiacapsulai' proximal femoral fractures occur (Klenerman 1970) (Fig 

1.3).



Fig 1.1 The bony anatomy of the hip joint.
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Fig 1.2 The appearance of the trabeculae of the proximal femur.
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Fig 1.3 Slab radiograph of sagittal slices of a femoral head following fracture 

showing the common pattern of the fracture line in intracapsular proximal 

femoral fractures.
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1.2.2 Arthrologv.

The hip joint is a multiaxial spheroidal eotyloid joint. The head of the femur is 

covered by articulai' cai'tilage apait from the fovea. The lunate surface of the 

acetabulum is clothed by cartilage, the fossa has no cartilage but has a synovial 

covered fibro-fatty pad. The acetabulum is ringed by the fibrocai'tilaginous 

acetabular labrmn.

The fibrous capsule is attached from the acetabular labrum to the femoral neck as 

detailed previously.

The iliofemoral, pubofemoral and ischiofemoral ligaments are all thickenings of 

the capsule. (Fig 1.4 - 1.5)

The ligamentum teres lies within the hip joint and is attached to the fovea with its 

base arising from the acetabular notch.

10



Fig 1.4 The anterior capsular thickenings (ligaments) of the hip joint.
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Fig 1.5 The posterior capsular thickenings (ligaments) of the hip joint.
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1.2.3 Myology.

The principal movements of the hip joint aie flexion, extension, abduction, 

adduction, internal and external rotation.

Flexion is produced principally by psoas major and iliacus. Sartorius, rectus 

femoris and pectineus also assist. Extension is produced by gluteus maximus and 

the hamstrings. Gluteus medius and minimus produce abduction. Adduction is 

produced by the tliree adductors (longus, brevis and magnus) and gracilis. 

Internal rotation is produced by psoas, tensor fascia lata and the anterior fibres of 

gluteus minimus and medius and external rotation by the obturators, gemmelli and 

piriformis.

1.2.4 Angiology.

The blood supply to the proximal femui' is derived from thiee arterial groups 

(Crock 1980).

1) The extracapsulai' aiterial ring

2) Ascending cervical branches of the extracapsular ring

3) The arteries of the ligamentum teres.

The extracapsular ring lies at the base of the femoral neck. It is formed posteriorly 

by a branch of the medial femoral circumflex ai tery, anteriorly by branches of the 

lateral femoral circumflex artery and minor branches hom  the superior and inferior 

gluteal arteries. From this extracapsular ring arise the ascending cervical vessels. 

These vessels, after passing tlnough the capsule anteriorly at the intertrochanteric
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line and posteriorly through orbicular fibres, pass upwaids under synovial 

reflections and fibrous prolongations of the capsule to form a subsynovial 

anastomosis at the junction of the bony part of the neck and articulai' surface of 

the head.

These arteries arising from the extracapsulai' ring can be divided into lateral 

epiphyseal and the superior and inferior metaphyseal vessels (Trueta 1953).

The most important blood supply comes from the lateral epiphyseal vessels. These 

lie intimately related and bound down to the postero-superior aspect of the femoral 

neck and thus may be easily damaged in intracapsular fractures of the proximal 

femui'. They have been demonstrated, by injection techniques, to supply two thirds 

of the femoral head and significantly this is the most important weight bearing 

portion, the supero-lateral segment (Sevitt 1965).

The superior metaphyseal vessels enter the superior aspect o f the neck lateral to 

the ai'ticular rim. The inferior metaphyseal vessels enter the neck inferiorly close 

to the margin of the articular surface and supply the infero-medial portion of the 

femoral head.

The medial epiphyseal artery is the ai'tery of the ligamentum teres (fig 1.6). This 

ai'tery is variable in presence and may be insufficient on its own to maintain 

viability of the femoral head following damage to other vessels. It supplies a 

vai'iable wedge of bone adjacent to the fovea (Catto 1965).

Venous drainage (Phillips 1966) is via lumino capsular veins, tortuous medullaiy 

sinusoids, which drain mainly into the obturator and femoral veins. There is said 

to be no venous drainage via the ligamentum teres.

The blood supply of the proximal femur is summarised in figures 1.7 and 1.8.
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Fig 1.6 Histological section of the ligamentum teres showing presence of 

patent vessels.
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Fig 1.7 The arterial supply of the anterior aspect of the proximal femur.
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Fig 1.8 The arterial supply of the posterior aspect of the proximal femur.
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1.3 The aetiology of proximal femoral fractures.

1.3.1 Bone Quality.

1.3.1.1 Osteoporosis.

"Osteoporosis is a disease characterised by low bone mass, mieroarebitectural 

deterioration of bone tissue leading to enhanced bone fragility and a consequent 

increase in fracture risk." This definition of osteoporosis was produced at the 

consensus conference on osteoporosis in 1990 (Osteoporosis 1991), and although 

the initial part of the definition is satisfactory doubt must be cast over the 

increased fractm'c risk, most particulaily with regaid to proximal femoral fractures. 

Both proximal femoral fiactuies and osteoporosis are more common in the elderly 

although a direct causal relationship has yet to be proven (Riggs 1986, Compston 

1987, Hedlund 1987, Jarnlo 1989).

Examination of post mortem specimens of the midcervical ar ea of the femoral neck 

in subjects without fracture or other coexistent disease has shovm decrease in bone 

area with increasing age (Komatsu 1988).

It has also been suggested that this bone loss can be correlated with the 

radiographic appearances of an ordinary antero-posterior radiograph of the hip 

(Singh 1970). The Singh classification is divided into 6 grades. Grade VI being 

normal and grade I severe bone loss (fig 1.9). The correlation, apart from at the 

extreme grades, between the Singh index and bone mass is poor and the inter and 

intraobserver error when classifying these grades is also significant (Smith 1989).
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Although it is tempting to make the correlation between bone loss and tractuie of 

the hip there is contradictory evidence in the literatme. A longitudinal study of 

elderly women in Jerusalem showed an increased incidence of osteoporosis in 

those women sustaining a fractures (38%) as compared to the incidence of 

osteoporosis in the normal population (11.5%) (Maldn 1987). However of those 

sustaining a fractme 34% had borderline osteoporosis and 28% no evidence of 

osteoporosis. Aitkin showed no such difference between osteoporosis in a fracture 

population of 200 patients and a control group (Aitkin 1984).

Although the proximal femur- which is wealcened by involutional osteoporosis has 

a lower tlneshold for fiacture (Burstein 1976), not all people who sustain a 

proximal femoral fractrue have osteoporosis nor do all patients with osteoporosis 

suffer a fracture. Other additional factors must therefore be operating to create the 

fracture.
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Fig 1.9 The Singh index.
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1.3.1.2 Osteomalacia.

Vitamin D deficiency, secondaiy to poor dietaiy intalce and leading to osteomalacia 

has been postulated as a significant factor contributing to proximal femoral 

fracture. (Chalmers 1967, Jenldns 1973, Aaron 1974). Direct examination of 

femoral heads following fractrrre (Wicks 1982) and of iliac crest biopsies (Wilton 

1987) has failed to confirm an increased incidence of osteomalacia in fracture 

patients compared with that in the normal population.

1.3.2 Biomechanical factors.

Biomechanical studies have shown that forces as low as 256 kg can produce 

fiactmes of the femur- (Compere 1942(b)) and that the energy absorbing capacity 

of the proximal fernru- is 60Kg/cm (Franlcel 1974). During normal walking, 

analysed by force plate reaction (Paul 1966), there is a cyclical load taken through 

the hip joint with two pealcs. The first peak is at heel strike and the second just 

before toe off (fig 1.10). The mean force was calculated as 3.39 times body weight 

and pealc force was 4.46 times body weight. These results have been corroborated 

by other workers (Crowninshield 1978) with results of 2.5 times body weight at 

heel strike and 3 - 4  times body weight just before toe off.

Thus considerable forces pass through the hip joint and it is only because of 

dissipation of forces by normal muscular- and ligamentous reaction that the femur 

does not spontaneously fractrrre during normal walking. In the elderly patient with 

impaired neruornuscular responses and osteoporosis the proximal femur- may have

21



a lower energy absorbing capacity to failnie.

Microfractures have been demonstrated in the bone (Freeman 1974) of the femoral 

neck in elderly subjects and it is suggested that these microfiactuies may progress 

to a complete fractui'e. Although stress fractures of the femoral neck do occur 

(Devas 1965) the most connnon precipitating incident in a complete fracture of the 

femoral neck is trauma, such as a fall.

Elderly people ar e more subject to falls because of poor balance (Jarnlo 1990), and 

a fall in an average sized woman will produce a force of 4,000 Kg cm. This 

exceeds the energy absorbing capacity of the upper femur- and it is only by the 

dissipation of energy produced by muscular- contraction that a fr actrue is prevented 

following a fall. In the elderly these protective mechanisms may not act quickly 

enough to prevent fracture.

It has also been suggested that a fall onto the greater trochanter may produce a 

fractrue by direct transmission of force (Kocher 1896).

However- the situation may be adversely influenced by the muscles acting around 

the hip joint. The forces acting around the femoral neck can be resolved into two 

components, a line of force perpendicular to the femoral neck which acts as a 

bending component and a line of force along the axis of the femoral neck which 

acts as a compressive force (Fig 1.11). The typical fractrue pattern of an 

intracapsular- fracture can be produced in cadaveric femora by increasing the 

compressive component in relation to the bending component (Hirsch 1960). Thus 

the muscle action of the abductors, producing axial compression, at the time of 

injru-y may have a significant influence on fractrue production (Franlcel 1960). A 

frufher factor that may be involved in the production of intracapsular- fractrues is
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a combination of an external rotation force with a strong abductor force tensioning 

the anterior femoral neck and compressing the posterior femoral neck which pivots 

on the posterior acetabular- mar gin producing comminution of the posterior femoral 

neck (Kocher- 1896).

Action of the muscles alone arorurd the femoral neck is sufficient to produce an 

intracapsular- fractrrre, such as is encountered after strong muscle contraction 

following an epileptic fit or an electric shock (Morrey 1977, Taylor 1985).
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Fig 1.10 Diagram of loads passing through the hip during walking.
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Fig 1.11 Forces acting through the neck of the femur.

R (the resultant force through the femoral head) can be resolved into a 

compressive component (c) in the axial line of the femoral neck and a bending 

component (b) perpendicular to it.
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1.4 Classification of fractures of the proximal femur.

Fractui'es of the proximal femur may be classified into intracapsular and 

extracapsulai- fractures.

1.4.1 Extracapsular fractures.

These aie fiactuies that occui- in the proximal femui- distal to the insertion of the 

fibrous capsule. The division into intracapsular- and extracapsular fractures is an 

important and practically useful one because of the difference in prognosis of 

fiactuie union. Extracapsulai- fractures occur- through an area of cancellous bone 

with a good blood supply and therefore they usually progress to union. The blood 

supply to the head of the femur- is not affected and therefore the femoral head is 

not at risk of developing avascular necrosis. Intracapsular- fractures, occurring 

within the hip joint capsule, may damage the blood vessels supplying the proximal 

fragment and therefore, increase the risk of non-union and avascular necrosis of 

the femoral head.

This thesis is concerned with intracapsular- proximal femoral fiactuies and therefore 

extracapsular- fiactures will not be discussed further.

1.4.2 Intracapsular fractures.

The difference in prognosis between these fractures that occur- within the capsule 

of the hip joint and extracapsular fractur-es was first recognised by Sir Astley
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Cooper (Cooper 1823). Because of the variable damage to the blood supply to the 

proximal fragment the sequelae of this fracture are often non-union and avascular 

necrosis. Classification of these fractures has been attempted to enable a prognosis 

to be made with regard to fracture pattern.

The classification of Pauwels is based on the angle of inclination of the fracture 

line with respect to the horizontal (Pauwels 1935). The classification divides 

intracapsular fractures into three types, the fracture line becoming more vertical 

with higher grade (fig 1.12). The classification is based on the post reduction 

appearance.

Type 1 A fracture thirty degrees from the horizontal

Type II A fracture fifty degrees from the horizontal

Type III A fracture seventy degrees from the horizontal

Type III fractures were supposed to have an increased incidence o f non-union

because of the greater shearing forces across the fracture line (Pauwels 1935). 

The value of this classification has been called into doubt for several reasons. 

There does not appear to be a difference between non - union and avascular 

necrosis rates between types II and III, with 12% non-union and 33% avascular 

necrosis rates in type II as compared to 8% non-union and 30% avascular necrosis 

rates in type III (Boyd 1964). This work has been verified by other authors 

(Cassebaum 1963, Ohman 1969), although Hulth stated that avascularity may be 

more important and that avascularity coupled with a steep fracture angle produced 

a very poor prognosis (Hulth 1961).
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The classification of the fracture is based on the radiographic appearance of the 

fracture on an antero-posterior projection and may not represent the angle of the 

fracture line itself. Because of the spiral nature of the femoral neck rotation of the 

distal fragment varies the apparent obliquity of the fracture angle (Garden 1974). 

Linton showed that by altering either the position of the x-ray source or o f the 

limb the apparent inclination of the femoral neck could be altered and therefore 

altering the classification type of the fracture (Linton 1944).

The classification of Garden is the most widely used classification. It is based on 

the displacement o f the head of the femur as seen on antero-posterior radiographs 

of the hip prior to reduction of the fracture (Garden 1961(a)).

The Garden classification is divided into four stages (Fig 1.13 - 1.18).

Stage 1 An incom ple te  or im pacted  frac tu re . The

medial cortical trabeculae o f the neck are

intact

Stage 2 C o m p l e t e  bu t  u n d i s p l a c e d  f r a c t u r e .  Th e

alignments o f the head,neck and acetabulum are undisturbed. 

These are extremely rare fractures.

Stage 3 A com ple t e  but  only p a r t i a l ly  d i s p laced

fracture.

Stage 4 A c o m p l e t e  f r a c t u r e  w i t h  t o t a l
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displacement of the fracture fragments.

Garden suggested that increase in stage indicated a worsening of the prognosis, 

particulary in a stage 4 fracture where the rotation of the head implies complete 

disruption of any ligamentous attachments between the head and neck and 

consequently a disruption of a significant proportion of the blood vessels supplying 

the head.

A lar ge multicentre study of hip fractures seemed to confirm Gardens views with 

higher stages having a worse prognosis (Baines 1976). However in this large study 

although the prognosis did deteriorate between stages 3 and 4 there was not a large 

difference between the prognosis between those two groups and similarly between 

stages 1 and 2. In addition the classification relies on the appearance of the 

trabeculae in the femoral head. With increasing osteoporosis these trabeculae 

become less apparent maldng identification of the stage of the fracture difficult. 

In an intraobserver error study of the Garden classification of the radiographs of 

100 intracapsular fiactuies three consultant Orthopaedic Sui'geons, 2 consultant 

radiologists, I radiology trainee and 2 orthopaedic trainees agreed on Gaiden stage 

in only 22% of cases (Frandsen 1988). However disagreement between whether 

a fracture was displaced or imdisplaced was much less. In recent literatme the 

classification of intracapsular fiactmes has been simplified into displaced (Gaiden 

stages III and IV) and imdisplaced/impacted (Gaiden stages I and II) fiactmes 

because problems of union and avascular necrosis are much more common in 

displaced than undisplaced fiactmes (Relinberg 1989(a), Sernbo 1990, Herngren 

1992).
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To this simple classification should be added an additional classification, that of 

pathological fractures because of the different treatment needs of these fractures 

(Grundy 1970, Lane 1980).
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Fig 1.12 The classification of Pauwels.
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Fig 1.13 Garden stage I and II fractures (undisplaced).
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Fig 1.14 Garden stage 111 and IV fractures (displaced).
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Fig 1.15 An antero-posterior radio2raph of a Garden Stage I fracture

showing the bony trabeculae of the inferior portion of the femoral neck intact.
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Fig 1.16 An antero-posterior radiograph of a Garden Stage II fracture

showing the trabeculae of the femoral neck and head remaining in line.
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Fig 1.17 An antero-posterior radiograph of a Garden Stage HI fracture

showing rotation of the femoral head.
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Fig 1.18 An antero-posterior radiograph of a Garden Stage IV fracture

showing the femoral head rotated back into the anatomical position.
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1.5 Diagnosis of intracapsular proximal femoral fracture.

1.5.1 Clinical presentation.

Elderly patients with intracapsular fractures present most frequently with pain in 

the hip and difficulty in weight bearing on the affected limb. With displaced 

fractures the patient is usually incapable of weight bearing and the affected limb 

lies externally rotated and shortened. There is usually pain on movement of the 

hip.

The diagnosis can easily be confirmed by an antero-posterior radiograph of the hip. 

Patients with undisplaced or impacted hactuies may present with more subtle 

symptoms and signs. Often they aie able to weight beai' on the limb but with pain. 

Caieful clinical examination usually reveals some pain on movement of the hip 

and the range of movement may be limited.

The young patient presents usually after significant trauma and other injuries may 

be present. A rare but important combination is a fractui'e of the femoral shaft and 

ipsilateral intracapsular hip fracture, an association which is frequently overlooked 

because attention is directed to the femoral shaft fractui'e (Friedman 1986, 

Swiontkowsld 1987, Wu 1991).

1.5.2 Radiology and Examination.

The displaced fracture is easily seen on a standard antero-posterior radiograph of 

the hip. A lateral view of the affected hip should also be obtained (Maninger
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1992).

The appeai'ance of an undisplaced or impacted fracture is often less apparent to 

inexperienced eyes, and may lead to such patients being diagnosed as not having 

a fractui'e. The fractui'e may become obvious later 'when it displaces after the 

patient has been allowed to weight bear (Bentley 1968).

Some authors have suggested that patients may present with a normal initial 

radiograph but later progress to a definite fracture (Eastwood 1987). Studies of 

hospital in-patients with suspected fr actur e have demonstrated that 43 of an initial 

693 patients with suspected hip fr actures had normal initial radiographs. Of these 

43, 13 subsequently developed a radiographically apparent fracture (Fairclough 

1987). These findings have led some authors to conclude that patients with hip 

pain following trauma should have bone scintigraphy (Fairclough 1987). However 

other conditions, such as osteoai'thiitis may give rise to positive bone scans. In 

Faircloughs series nearly 30% of patients with painful hips and normal radiographs 

developed what the authors describe as positive radiographic findings, 12 of those 

thirteen had fractures around the proximal femur and of these only 5 subsequently 

displaced, 2 completely and 3 minimally. It may be that the initial radiographs in 

these series were of such poor quality such that a fr actur e could not be seen.

No study has specifically investigated the problem of a cohort of elderly patients 

who have had trauma, a painful hip and normal radiograph and then to follow-up 

these patients to see how many subsequently developed a fracture. This is 

important because of the costs, both socially and financially, involved in admission 

and extensive investigation in these patients.

Stress fr actures occrrr through overuse in a normal healthy individual without bone
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disease. Initial radiographs in these individuals may have an initial normal 

appearance, or a small linear crack may be seen and/or a periosteal reaction 

superiorly or inferiorly. If  the initial radiograph is normal and stress fracture is 

suspected bone scanning or MRI will confirm the diagnosis of fracture (Deutsch 

1989).
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1.6 The treatm ent of undisplaced mtracapsMlar proximal femoral fractures.

Undisplaced or impacted fiactnres in the elderly patient and stress fractures in the 

young can be treated by operative or conservative means.

Conservative treatment usually involves a period of bed rest until the hip is 

comfortable and then a period of non or partial weight bearing for up to three 

months imtil the fr actirre is united (Crawfrrrd 1960). A period of non or partial 

weight bearing is probably an umealistic treatment strategy for the elderly patient. 

Raaymalcers followed a regime of partial weight bearing for 8 weeks for 

undisplaced fr actur e, he however found that only 42% of his patients followed this 

advice (Raaymalcers 1991). The danger of conservative treatment is displacement 

o f the fracture and the rate of occurrence of displacement is about 15% (Bentley 

1968, Raaymalcers 1991). Disimpaction of the fractme requires surgery, and this 

may not affect prognosis if  the fracture is treated by internal fixation. There is 

little evidence in the literature that fixation following displacement increases the 

avascular necrosis rate. Only two series discuss the late avascular necrosis rate 

following fixation of disimpacted fractures. Jonasch found avascular' necrosis in 

two of 13 patients, and Crawford in 1 out of four (Jonasch 1969, Crawford 1960). 

These studies used implants that would now be considered outmoded. If  the 

disimpaction is treated by a herniartlrr oplasty the problem of late avascular" necrosis 

does not arise, however a prosthesis may not be considered optimal treatment in 

a younger patient.

Operative treatment of these fractures prevents disimpaction and allows earlier 

weight hearing, but may confer different risks because of the surgery. Bentley
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compared the results of conservatively and operatively treated groups, and found 

that the end result was excellent or good in 96% of operatively treated patients but 

only 79% in those treated conservatively (Bentley 1968 ). The one poor result in 

the operatively treated group was reported to be due to distraction of the fracture 

when a Smith Peterson nail was inserted. This should not occiu- with more modern 

implants which rely upon compression. The incidence of avascular necrosis, based 

on radiological appearance, does not appear to be higher following operative 

heatment with 5 out of 43 conservatively treated patients developing avascular 

necrosis and 2 out of 23 developing it following operation (Bentley 1968). The 

conservatively treated group excludes the three treated by prosthetic replacement 

following displacement. In addition one of the fractures that displaced during 

conservative treatment and subsequently was treated by fixation did not unite. The 

excellent results of operative treatment for impacted fractures have heen verified 

by other workers (Skinner 1986, Stromqvist 1987, Wihlborg 1990) using more 

modern implants. Although no randomised prospective trial has compared 

operative and conservative treatments operative treatment prevents redisplacement, 

does not seem to increase the avascular necrosis rate and does not require a period 

of par tial weight bearing which may be an umealistic goal in the elderly, therefore 

the balance of published opinion seems to favoirr- a strategy of early internal 

fixation of undisplaced fractures.
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1.7 Conservative treatment of displaced intracapsular fractures

Displaced intracapsular proximal femoral fractures treated by conservative means 

do not usually unite. This fact was recognised over 150 year's ago (Cooper 1823). 

Cooper believed that since bony union was never going to occur' the appropriate 

way to treat these fractures was with bed rest until the limb became comfortable 

and then allow mobilisation. Following this type of treatment the fractme 

developed a fibrous union and weight hearing on the limb was possible, however 

the patient had a permanent limp. During the last centmy sm'geons attempted to 

achieve union by traction (Hamilton 1880) and reduction of the fr actm e ( Whitman 

1920). These methods of treatment produced high rates of non-union and avascular 

necrosis. With improvements in internal fixation devices attempts to obtain union 

by conservative treatment were abandoned.

A few recent publications have suggested that the complication rate in the elderly 

and demented patient is so high that they are best treated conservatively (Lyon 

1977, Lyon 1984).

In the study by Lyon (1984) a comparison was made between operatively treated 

and conservatively heated fractmes, although this was done in a non-randomised 

way. Twelve patients were treated by neglect of the fractme but with intensive 

medical care of the patient and 14 were treated operatively. The authors reported 

no early deaths, no major complications and all patients developed a pain free hip 

when heated conservatively. In the operatively treated group there was a 43% 

major complication rate. The authors concluded that the most humane heatment 

for the patient and the most economically suitable method for society was that
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minimally ambulant demented patients should be treated conservatively in their 

own place of residence.

With proper facilities and suitable surgical skills there is no doubt that the majority 

of intracapsular proximal femoral fractures should be treated operatively. However 

with increasing age and decreasing mental function the results of internal fixation 

and of survival of the patient deteriorate (Ions 1987). However poor outcome in 

relation to survival and mobility must be balanced against the complications of 

conservative treatment. Winter (Winter 1987) reported the results of treating four" 

patients with proximal femoral fractiu'es conservatively. Three of the four- cases 

reported moved from minimal ambulation to a bed to chair existence and the 

fourth patient died one month after the fracture still in pain. Although Winter’s 

series is very small it does raise questions concerning the appropriateness of 

conservative treatment in this group of patients. If a patient in this vulnerable and 

frail group is to be treated conservatively the result should be no worse than 

operative treatment and the treatment should give the patient optimal life quality 

for whatever life remains. There has heen no randomised prospective trial 

comparing the results of operative versus conservative treatment in the 

management of displaced intracapsular' proximal femoral fractm-es to allow these 

important considerations to be talceir into accoimt.

44



1.8 The treatment of displaced intracapsular proximal femoral fractures by 

reduction and internal fixation.

1.8.1 The timing of internal fixation.

Two factors must be considered when considering the timing of internal fixation. 

Firstly, the effect of timing on mortality and general complications and, secondly, 

the effect on the specific complications of internal fixation of intracapsular 

proximal femoral fractures. These ar e avascular" necrosis of the femoral head and 

non-union of the fractme.

There is conflicting evidence in the literatm'e on the effect o f early fixation of 

proximal femoral fractmes on general complications and mortality. Some published 

studies show that early fixation reduces mortality and morbidity (Fitts 1959, 

Kenzora 1984, Villar" 1986) whereas others conclude that delay between fractme 

and operation has no effect on these factors (Davis 1988, Dolk 1990, Parker 

1992(a)). Of these studies only one is prospective (Davis 1988) and none is 

randomised. Therefore care must be talcen when analyzing results because studies 

that have shown increased mortality with delays to smgery (Villar- 1986) have not 

talcen into account important factors that delay surgery such as general health, 

mental function and the resomces of the individual hospital, which may, in 

themselves have a proformd influence on outcome (Evans 1979(b), Evans 1980). 

The other factor that has to be talcen into account when treating intracapsular 

proximal femoral fractures is the effect of delay on the incidence of non-union and 

avascular" necrosis. A large multicentre study (Barnes 1976) could find no
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difference in rates of failure if operation was delayed by up to one week. However 

a more recent retrospective non-randomised study compared failure rates between 

those having ear ly internal fixation (<61irs) and those patients having later fixation 

(Maninger 1989). Those patients who had eardy operation had non-union rates of 

1.5% at one year and late segmental collapse secondary to avascular- necrosis of 

10.5%, compared to 11.1% non-union and 40% late segmental collapse when 

fixation occurred greater than 6 hours after injury. The age distribution was similar 

between the two groups. Although this study must be viewed with caution because 

of the fact that it was retrospective and non-randomised, 6 hours is probably a 

critical time for irreversible osteocyte ischaemia. It can therefore be postulated that 

before fixation either the displacement of the fracture , causing kinldng of the 

blood vessels (Woodhouse 1964) or intracapsular- haernatoma, producing a 

tamponade effect, (Stromqvist 1985) may cause diminished blood flow which is 

improved by relief of these two factors. However there would be great practical 

difficulties in operating on these fractures within 6 hours of fiactuie in all cases 

and therefore until a properly organised randomly controlled trial provides the 

answer it seems prudent to operate on these fractures as soon as possible after 

fracture.
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1.8.2 Reduction of intracapsular proximal femoral fractures.

Accui'acy of reduction is probably the key to success in the treatment of displaced 

intracapsular proximal femoral fractures. (Garden 1961(b), Barnes 1976). 

Inadequate reduction results in an increased incidence of non-union and avascular 

necrosis as shown in a large multicenhe study (Baines 1976).

Accmacy of reduction can only be gauged on plain radiographs, hoth antero­

posterior and lateral, obtained at the time of surgery.

Appearances suggesting malreduction are extreme tilting of the head in any 

direction, wedging, narrowing or widening of the hip joint space, undue 

prominence of the fovea, loss of near circular outline of the hip joint space, and 

disturbance of Shentons line (Garden 1971).

More accur ate ways of assessing reduction have been suggested. Gar den suggested 

an alignment index to estimate accuracy of reduction (Garden 1971). The normal 

angle between the medial head trabeculae and the medial cortex of the femoral 

shaft on anteroposterior radiographs is 160 degrees and in the lateral view the 

central axis of the femoral head and the central axis of the femoral neck lie in the 

same line (Fig 12). This gives an alignment index of 160/180. He foimd that if  the 

angle was greater than 185 or less than 155 on the anterior radiograph 100% of 

fractirres developed late segmental collapse. He considered an alignment angle in 

the range of 155-180 in either the antero-posterior or the lateral view to be 

acceptable.

Closed reduction of the fracture is the most commonly employed mode of 

reduction. The ease of reduction depends on whether ligamentous attacliments
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remain between the head fragment and the neck. If no ligamentous attachments 

exist the head lies free in the acetabulum attached only by the ligamentum teres. 

The aim of reduction is to bring the neck round to meet the head because 

movement of the neck, when there are no capsulai" attachments, will not influence 

the head position. When there are ligamentous attachments remaining between the 

head and the neck, movements of the neck influence movements of the head. The 

spiral nature of the fibres of the posterior joint capsule increases stability of the 

reduction when the hip is internally rotated and extended, the so called "close 

packed" position (Fig 1.19).

Valions methods of reduction have been proposed but none clearly stands out as 

the method of choice. The published methods of reduction were summarised by 

Bruelanami (Bruelanann 1988) ,but no comparison was made between the different 

methods of reduction and accur acy of that reduction.

Most of the manoeuvres are performed on the fracture table and the majority were 

devised before the advent of image intensification.

48



Fig 1.19 The Close Packed position
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The following methods of reduction have been described.

1) Whitman Manoeuvre

The reduction is performed on a traction table. The affected limb is flexed and 

then, with traction applied along the longitudinal axis of the leg, is fully extended 

and abducted and brought to meet the rmaffected side. (Whitman 1920)

2) Leadbetter manoeuvre

The fractm-ed limb is flexed to 90 degrees at the hip. Traction is applied along the 

axis of the thigh and combined with adduction. The affected leg is then 

circumducted into abduction with the leg in internal rotation. The heel palm test 

is applied once the leg is brought down to the level of the unaffected leg. If  the 

fracture is reduced when the heel is placed on the palm of the hand it slowly 

rotates into external rotation, if the fractui'e is not reduced the foot rapidly springs 

into external rotation. (Leadbetter 1938)

3) Bozsan manoeuvre

The Bozsan technique relies on maximal internal rotation and lateral traction o f the 

affected limb. (Bozsan 1934)

4) King manoeuvre

Longitudinal traction is combined with posterior pressiu'c on the upper thigh and
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internal rotation of the leg. (King 1939)

5) Smith manoeuvre

The thigh is abducted and externally rotated. In full abduction the leg is internally 

rotated and then adducted (Smith 1953).

6) McElvemiy manoeuvre

The affected leg is internally rotated and 16-45 Kg of traction applied to medially 

displace the shaft. With the leg abducted pressure is applied downwar-ds and 

medially over the greater trochanter. The leg is then adducted into neutral and 

traction released. (McElvemiy 1945)

7) Wellmerling technique

Traction is applied on the affected leg so that it is 0.64cm longer than the 

rmaffected. Pressure is applied proximally over the thigh near- the groin and distally 

rmder the thigh near the popliteal fossa. The leg is internally rotated and traction 

released. (Wellmerling 1944)

Although all these methods have been published as teclmiques to reduce 

intracapsular- proximal femoral fractures there has been no comparative study of 

different methods. Reduction of these fractures requires precision and it is
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mandatory to have both image intensification and plain radiographs. It is worth 

noting that the majority of described techniques for reduction where used prior to 

the introduction of image intensification, which allows precise evaluation of 

reduction as a dynamic phenomenon. The patient should be placed on the traction 

table and the fractui'e reduced with the minimum of force to prevent fuither 

damage to the blood supply (Gai'den 1971).
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1.8.3 Internal fixation with single nails.

A foui' flanged nail for fixation of intracapsular flactuies was introduced by Hey 

Groves (1916) and Smith-Petersen described a trifin nail in 1937 (Smith-Petersen 

1937) (Fig 1.20 - 1.21). The advantage of these devices was that they were easy 

to insert over a pre placed guide wire and the operation could be performed as a 

percutaneous technique. Although some control over rotation was conferred by the 

finned natuie of the nail the stability depended on contact o f the fracture 

fragments. A solution to the problem was to drive the nail through the head and 

into the acetabulum (Jarry 1964). This conferred increased stability but the result 

was lack of hip movement. The other disadvantage of single nails was the 

tendency to disimpact or distract the fracture fragments as the nail was driven 

across the fracture (Bentley 1968).

When compared with other devices in a large multicentre series of hip flactuies 

single nails were associated with non-union in 55% of cases at one year and 

performed the worst of all fixation devices (Baines 1976).

The fixation of displaced intracapsular- flactuies with a single nail should be of 

historical interest only.
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Fig 1.20 The principle o f three point fixation with a single nail.
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Fig 1.21 An antero-posterior radiograph of an intracapsular fracture

internally fixed with a single nail.
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1.8.4 internal fixation with multiple Bins.

The simplest method of internal fixation of intracapsular proximal femoral 

fractm-es is with multiple pins, and this was one of the first methods used 

(Langenbech 1850). The pins that have been most commonly used are the Moore, 

Knowles or Deyelre (Fig 1.22).

Moores or Knowles pins may be inserted percutaneously under local anaesthetic. 

Peripheral placement of the pins in the femoral head is recoimnended in the shape 

of either a paiallelogram with fom pins (Moore 1937) or a triangle with three pins 

(Arnold 1974). Convergence of the pins is associated with higher rates of failme 

of fixation (Moore 1935). To improve fixation in osteoporotic bone it is 

recommended that the pins are placed in subchondral bone (Arnold 1974). 

Because of the difficulty in obtaining good lateral support for multiple pins (Green 

1960) a side plate with an increased number of pins was recommended (Deyerle 

1959). Deyerle stressed the importance of a slight valgus over reduction on the 

anteroposterior view, placement of at least nine pins and "good hammer percussion 

impaction" (Deyerle 1980) (Fig 1.23). Although his own results were good with 

a 1.8% non-union and 9% avascular necrosis rate (Deyerle 1980) the technique 

itself is a difficult one and other authors have not produced such good results , 

with failme rates of up to 50% for combined avascular necrosis and non-union at 

one year- (Balcer 1978, Chapman 1975).
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Fig 1.22 An antero-posterior radiograph of a fracture fixed with multiple 

pins.
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Fig 1.23 The device of Deverle showing the addition of a side plate to multiple 

pins used for fixation.
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1.8.5 Internal fixation with nail plates.

To overcome the problems of lack of lateral support and in the hope of improving 

rotational stability plates were added to single nails. These may either be a sepaiate 

plate which is attached to the nail by a bolt, such as the McLaughlin nail plate, or 

fixed angle devices where the nail and plate form an integral unit, such as the 

Jewett nail plate (Jewett 1941) (Fig 1.24). Although union rates were higher than 

when compaied to single nails (Frangalcis 1966), these devices still produced 

combined complication rates (for both avascular necrosis and non-union) of aiound 

50% (Sveimigsen 1984). The problem of distraction of the fiacture during implant 

insertion remained with these devices with the added complication that as the 

fracture collapsed the nail did not back out of the head but rather protruded 

thiough into the hip joint itself and damaged the acetabulum .
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Fig 1.24 An antero-posterior radiograph showing a nail plate used for

fixation of an intracapsular fracture.
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1.8.6 Internal fixation with sliding screw plates.

In compai'ison to a triflanged nail a laige threaded screw provides stronger flxation 

(Brodetti 1961), because the flat surface of the screw provides a larger area per- 

unit force.

Thus to improve the flxation and retain the advantages of controlled compression 

that was allowed with a sliding nail plate a sliding screw plate was introduced 

(Schumpelik 1955).

With this device non-union rates of approximately 25% have been reported 

(Skinner 1986, Skinner 1989).

A potential disadvantage of the sliding screw plate system is the potential of the 

screw to rotate the head fragment during insertion, this is apparent both clinically 

(Ran 1982) and experimentally (Mills 1989). This rotational malalignment may 

cause compression of the retinacular- vessels or allow incongruity between the head 

and the acetabulum and thus the early development of degenerative disease within 

the hip (Garden 1974). To prevent this rotation dining insertion of the screw, 

supplementary guide wires can he used to hold the head fragment in position. 

Other authors have recormnended use of a supplementar y screw or pin to be used 

in addition to the large screw (Quinby 1986). This supplementary screw must lie 

exactly parallel to the main screw otherwise the sliding properties of the device 

will be lost, causing jamming (Fig 1.25).

Another potential cause of jamming is insufficient engagement of the shanlc of the 

screw in the barrel of the plate (Kyle 1980).

If, despite all these efforts rotational malalignment does occur this can be corrected
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at the time of surgery by using the screw in the head to gently derotate the head 

fragment and thus restore reduction (Muirehead 1989). However the head fragment 

must not be rotated to obtain a reduction if one cannot be achieved by other means 

because of the risk of twisting the vessels supplying the femoral head and thereby 

obstructing flow (Madsen 1987).

To provide compression at the time of sui'gery and confer additional stability to 

the fracture a compression screw can be used. This is inserted into the barrel of 

the plate and engages in a tlnead in the shanlc of the lar ge screw (Fig 1.26). Care 

must be exercised in using the additional screw in osteoporotic bone because of 

the risk of rotating the screw in the head and stripping the thread in the bone 

(Frandsen 1983, Husby 1989).

The use of sliding screw plates requires care and, in some reports of the use of this 

device, the operating surgeon may not have been aware of all the important 

technical factors that can influence outcome thus producing unacceptable failure 

rates (Christie 1988). The careful use of the sliding screw plate care has produced 

much lower failure rates of approximately 20% (Skinner 1986) (Fig 1.27).
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Fig 1.25 An antero-posterior radiograph of an intracapsular fracture fixed 

with a sliding screw and plate with a supplementary screw showing non­

parallel placement of the supplementary screw.
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Fig 1.26 The use of a compression screw to provide additional compression at 

the time of surgery.
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Fig 1.27 The sliding hip screw (Ambi hip screw).
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1.8.7 Internai fixation with multiple screws.

Garden devised a crossed screw system (Garden 1961(b)). The two screws aie 

inserted one inferiorly resting on the calcar and one superiorly crossing the inferior 

screw (Fig 1.28). These crossed screws form a rigid double lever system with a 

coimnon fulcrum at the fracture site and lateral fixation to the femoral cortex 

which theoretically equilibrates the forces acting on the head.

Cross screw fixation does not allow the screws to back out as the fractui'e site 

collapses, however if the screws aie placed par allel this can occui'. A retrospective 

comparison between crossed and parallel placement of Garden screws has shown 

a lower rate of non-union and avascular necrosis at two years post injui'y compaied 

with parallel placement of the screws (Parker 1991).

In vitro biomechanical testing has shown a triangular- parallel pin configuration to 

be the strongest with one screw inferiorly and two superiorly (Schwartz 1981, 

Mizrali 1980).

Results with parallel cancellous screw fixation have sho-wn encouraging results 

(Wood 1991, Kuoldcanen 1991). However a worrying complication reported with 

multiple screws is subtrochanteric fractures tlirough the lower screw site (Andrew 

1984, Neuman 1990).

To improve parallel placement of lag screws several camiulated systems have 

become available (Wood 1991) (Fig 1.29).
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Fig 1.28 Cross screw fixation using Garden screws.
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Fig 1.29 Cannulated screw system (Richards).
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1.8.8 Internal fixation with hook pins.

Hook pin fixation was devised by Hansen (Stromqvist 1992). The system consists 

of two pai'allel pins with hooks at the end which are extended when the pins aie 

in place. A compai'ison between hook pins and the Rydell nail (a fbnr flanged nail) 

showed the results with hook pin fixation to be superior in one series (Stromqvist 

1984), however another series has shown no difference in results (Sernbo 1990). 

Two yeai' results show 25% avasculai' necrosis and failuie rates for all fractures 

(Stromqvist 1987). However these results aie not significantly better than those 

achieved with multiple caimulated screws (Wood 1991) or Sliding Screw plates 

(Skinner 1986, Hegge 1989) and this method of fixation has not gained wide 

popularity in the United Kingdom.
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1.8.9 Internal fixation with a prong plate.

Recently a description has appeared in the literature of a prong plate for the 

fixation of displaced proximal femoral fractures. (Yamano 1989) The device 

consists of a side plate and two prongs 40 mm in diameter at a 60 degree angle 

to the plate. Implantation of the device requires an open reduction, the fiactur e is 

reduced and following this the prongs introduced into the femoral head and the 

side plate is secured to the greater trochanter.

The only report of this device in the English literatur e is of a very small series of 

32 patients whose mean age was only 48.5 yrs (Yamano 1989). The rate of non­

union was 9.3% and the avascular necrosis rate was 13.8%. These results from a 

single centre with a device designed by the author are not surprising considering 

the relative youth of his series. It is rmlikely that this device, particularly because 

of the need for open reduction, confers any advantage over other means of 

fixation.
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1.9 Treatment of displaced intracapsular fractures by prosthetic replacement

1.9.1 Treatment of displaced mtracapsular fractures by Hemiarthroplasty

The first recorded use of a hemiai'tliroplasty to treat intracapsular proximal femoral 

fractures was by Hey-Groves in the 1920’s, using an ivory endoprosthesis (Hey- 

Groves 1927).

In the 1950’s reports started to appear in the literature of unipolar endoprostheses 

being used in the tr eatment o f displaced intracapsular' fr actur es.

The use o f a clear' acrylic prosthesis was reported to give satisfactory results in the 

treatment o f  intracapsulm-proximal femoral fractures in 70% o f  eases (Judet 1950), 

however the anchorage of this irmovative prosthesis was by a very short stem and 

high rates of loosening were reported (Fig 1.30)

The two most commonly used unipolar' endoprostheses in common use are the 

Thompson and the Moore (Fig 1.31 and Fig 1.32)

The Moore endoprosthesis was originally used to replace the proximal femur in a 

case of giant cell trrrnour (Moore 1943). Subsequently it became widely accepted 

in the treatment of displaced intracapsular proximal femoral fractures in the 

elderly.

The Moore endoprosthesis is a straight stemmed prosthesis with fenestrations 

which theoretically allow the ingrowth of bone into the prosthesis. The prosthesis 

was designed to be calcar bearing and the neck of the femur to be sectioned 

1/2 - 3/4 inch above the calcai'.

Reports of the use of Moore endoprostheses have heen disappointing in long term
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follow-up with 42% of patients experiencing hip or thigh pain (Pun 1988) and only 

47% of patients being able to move about independently five yeai's after fracture 

when treated with a Moores endoprosthesis as compaied to 82% of non fracture 

controls (Jalovaaia 1991).

The Thompson’s endoprosthesis was used initially for the treatment of non-unions 

resulting from displaced intracapsular proximal femoral fractures. The stem is 

banana shaped and it was originally designed to be used without eement, although 

more recently surgeons have used it with cement (Gingras 1980).

Results with the Thompson prosthesis have been as disappointing as the Moore 

with reports of up to 50% poor results (Hunter 1980).
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Fig 1.30 The Judet prosthesis.
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Fig 1.31 The Moore prosthesis.
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Fig 1.32 The Thompson prosthesis.
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1.9.2 Treatment of displaced intracapsular fractures bv biarticular

Because of the problems of acetabular' wear with simple endoprostheses, biarticular 

prostheses were developed in an attempt to comiteract this problem. The biai'ticulai' 

prosthesis consists of a metal head which articulates with a cup. The cup has a 

further articular' surface to articulate with the acetabulum. This has the theoretical 

advantage of distributing loads and forces more normally and thereby reducing 

wear' on both the articular' car tilage of the acetabulum and the implant.

The Monlc endoprosthesis was introduced in 1970 and the Bateman bipolar' 

prosthesis was introduced in 1974 (Bateman 1974) (Fig 1.33). The original Monlc 

prosthesis was a "soft top" (Fig 1.34) with the outer acetabular' cup of polyethylene 

was replaced with a "hard top" in 1976 because of osteolysis around the acetabular' 

cup due to polyethylene debris (Hanserr 1977, Webb 1980). In this type the 

polyethylene cup is covered with a cap of stainless steel (Fig 1.35). Since the 

introduction of bipolar prostheses there have been reports published on the 

Batemean, Morrlc, Hastings and Cliristianson.

A review of 307 Hastings prostheses implanted for between 1-9 year's showed 95% 

with no pain and 69% walking unaided or with 1 stick (Wetherall 1990). However 

although prrrported to be a ten year' review the authors had very small nmnbers 

reviewed after 3 years. Acetabular' erosion was 5.5% at one year.

A imique complication of biarticular prostheses is interprosthetic dislocation. The 

rate of interprosthetic dislocation when reported varies between 0.4 -1  % (Bodmer 

1988, Wetherall 1990). Interprosthetic dislocation, although representing a small
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proportion of complications is an serions event, always requires open reduction of 

the dislocation.

The theoretical reduction of wear with the biarticular prosthesis is consequent on 

two factors, movement between the femoral component and the polyethylene liner 

of the socket and of the probable shock absorbing effect of the polyethylene 

between the head and the acetabulum. Whether this interprosthetie movement 

occurs in vivo has been questioned. Mess (Mess 1990) studied 14 patients at a 

mean interval of 2.6 years post surgery with a Bateman bipolar endoprosthesis. 

They carried out a radiological evaluation of component motion in weight bearing 

and non-weight bearing positions. In all rnovemerrts of the hip extraprosthetic 

movement accounted for 50% and intraprosthetic for 50% of total movement when 

non-weight bearirrg, with weight bearing the ratio between irmer and outer 

movement was a ratio of 3:1.

Bochrrer et al (1988) formd less prosthetic movement but the study was only six 

months following srugery.

Less exact studies using fluoroscopy have shown no intraprosthetic movement 

(Phillips 1987).

It is possible that reduction of movement occurs early after implantation of the 

prosthesis (Verberne 1983).

It seems from the result of several studies that intraprosthetic movement, if it 

occiu's at all, accounts for only a small proportion of total prosthetic movement 

and the supposed reduction of acetabular" wear", which has not been confirmed in 

any randomised prospective study, may be related to the shock absorbing effect of 

the polyethylene liner.
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Although authors have attempted to retrospectively compare the results of 

biarticular- replacements with rmipolar- there have been no randomised prospective 

trials comparing one with the other
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Fig 1.33 The Bateman bipolar prosthesis.
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Fig 1.34 The Monk "soft top" prosthesis.
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Fig 1.35 The Monk "hard top” prosthesis.
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1.9.3 The treatment of displaced intracapsular fractures bv total hip replacement

Because of the laiowii complications of hemiarthi'oplasty and the fact that some 

patients with hemiaithioplasties will require revision to total hip replacement it has 

been suggested that total hip replacement should be the operation of first choice. Total 

hip replacement is a more complex and tramuatic operation than either 

hemiarthroplasty or closed reduction and internal fixation and may be associated with 

higher complication rates.

There have been limited reports in the literature of primaiy total hip replacement for 

fresh inhacapsulai- proximal femoral fiactures, and the majority of these have very 

short review periods, some as little as 12 months (Sim 1980) which is too eai'ly to 

assess the results of total joint replacement.

Early complication rates from published papers (Sim 1980, Taine 1985, Delamarter 

1987, Greenough 1988) aie compaiable with standaid total hip replacement apait from 

the dislocation rate, whieh in some series is greater than 10% (Sim 1980, Taine 1985). 

These dislocation rates are much higher than in series of total hip replacements for 

degenerative disease. The reason for this difference in disloeation rates is unclear, but 

factors that could be operating include the relative laxity of the periartieular tissues in 

comparison to the fibrosis and joint contractures around a degenerative hip. Perhaps 

a more important factor is the mental state of the patient, with a higher proportion of 

intraeapsular- proximal femoral fracture patients being cognitiveley impaired in 

comparison to patients undergoing total hip replacement. Mortality is also higher in 

these patients but not significantly higher than comparable series of femoral neck 

fractm'es treated by other means.
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Following total hip replacement up to 37% of patients do not regain their preffactuie 

mobility levels at one year- post fiactuie (Sim 1980), which is comparable to the 

proportion from other series of different methods of treating proximal femoral 

fractures.

The main ar gument of those who propose total hip replacement is the supposed lower 

requirement for revision smgery. Greenough et al (1988), who had the longest follow- 

up period of an average of 55 months formd 49% of patients had, or were waiting for, 

revision sur'gery. They, in addition reported a further 11% of patients had evidence of 

radiological loosening. These results are disastrous, and are in a younger group of 

patients (under 70 year's of age) who would most benefit from the supposedly 

increased longevity of total joint replacement as opposed to hemiarthroplasty.

These disastrous results may reflect some peculiarities of implant or teclmique, but 

other series have reported revision rates of 12% at 3 years (Taine 1985).

From the majority of published literature there does not appear to be a clear indication 

that total hip replacement is superior to other methods of treatment, indeed in some 

cases it may be inferior. In addition to this are the economic implications of treating 

all intracapsular' proximal femoral fractures with total hip replacements. Total hip 

replacements cost more than fixation devices or hemiarthroplasties, they take longer 

to perform and require more specialised theatres. To give a local example, if  total hip 

replacement was instituted as a method of primary treatment in Leicester, more than 

one total hip replacement would be performed every day in a non clean air theatre by 

junior trainees and without consultant supervision in the majority of cases.

These factors together with the lack of a proper randomised prospective trial 

comparing total hip replacement with other methods of treatment mean that total hip
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replacement for intracapsular fractures should be reserved for special cases ie 

preexisting degenerative hip disease or some pathological fiactuies through tumour.
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1.10 Complications of intracapsular proximal femoral fractures

1.10.1 General

The major complication of proximal femoral fractures, however treated, is mortality. 

Mortality rates at 6 months vary between 12 and 40%, with the highest increase in 

mortality being in the first 3 months following fracture (Bauer 1990) .

The mortality following fiactuie increases with increasing age. In a study of 209 

patients 6 month mortality was 19% in patients aged between 65-69 year s of age and 

increased to 63% in patients over 85 year's of age (Evans 1979(a)).

In the same study another important factor determining mortality rates was mental 

function. A scoring system was used which was a variation of the mental function 

score devised by Blessed (Blessed 1968). A mental test score (MTS) using a maximum 

13 point scoring system showed a significant difference in mortality between patients 

with high MTS (greater than 11) than those patients with a low MTS (Less than 3) 

(Evans 1979(a)).

These results have been confirmed in a multivariate analysis of factors predicting 

survival using the same mental function score. Patients greater than 75 years of age 

and who had a low mental test score had a much higher mortality than patients with 

high mental test scores (Ions 1987). Very few studies of proximal femoral fractures 

have talcen into account this very important variable.

Other factors that are significantly related to early mortality are place of injm-y 

(whether the fractrue was sustained inside or outside the house) and post operative 

chest infection (Wood 1992).
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Although studies comparing primary prosthetic replacement with internal fixation must 

be interpreted with care there seems to be little difference in mortality between the two 

methods of treatment. (Riley 1978)

Although the cause of death in the majority of studies is not Icnown accurately because 

of the lack of post mortem data tlrr ornboembolic disease may accormt for up to a 10% 

of ear ly mortality following emergency hip sm-gery (Sevitt 1961, Hull 1986) and deep 

venous thrombosis may occur' in 40 - 50% of patients who do not receive 

thromboprophylaxis (Stevens 1968, Hamilton 1970).

Pressure sores are a serious complication of hip fracture, occurring in nearly 30% of 

patients sustaining this injru'y (Jensen 1987). The most common site for these sores is 

the sacrmn and buttock area ( 55% ) and the heel and calcaneal region (29%) (Jensen 

1987). The most important factor in developing sores is the age of the patient, with 

the majority of sores developing in patients over 80 year's of age (Versluysen 1985). 

The consequence of pressme sores is an increase in length of hospital stay, nearly 

doubling the stay of patients in one study (Jensen 1987)
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1.10.2 Complications following prosthetic replacement

Rates of dislocation following primary prosthetic replacement vary between 5 and 10% 

with a higher dislocation rate associated with posterior approaches to the hip joint 

(Chan 1975, Wood 1979-80). The higher dislocation rate seen following prosthetic 

replacement for trauma as compared to replacement for degenerative disease may 

reflect laxer pericapsular tissues or the mental state of the patient and postoperative 

confusion. Specific conditions that increase the dislocation rate are hemiplegia, 

Parldnsons disease or epilepsy. Dislocation is a potentially serious complication and 

has been reported to be associated with an increase in post-operative mortality of up 

to 50% (Paton 1989).

When a bipolar endoprosthesis is used dislocation of the prosthesis may be 

accompanied by interprosthetic dislocation which can only be treated by open 

reduction and reassembly or replacement of the prosthesis (Anderson 1978, Moller 

1983, Rae 1988, Harvey 1991).

A late complication of prosthetic endoprostheses is acetabular- erosion which may 

cause pain (Fig 1.36). The rates of acetabular- erosion have been reported as high as 

64% at 5 year s and protrusio acetabulae as 24%. Acetabular- wear- may be higher if the 

prosthesis is cemented (Maxted 1984). The bipolar- prosthesis is designed to reduce the 

incidence of acetabular- wear-, however studies have been non-randornised and rmtil the 

results of randomised prospective trials are available this remains unproven. 

Originally both the Moore and the Thompson endoprosthesis were designed to be used 

without cement and provide an interference fit between the prosthesis and bone. With 

the advent of polymethylmethacrylate it came to be used to seciue the prosthesis to
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the bone. There is still controversy as to whether the Thompson prosthesis should be 

used with or without cement.

Infection following elective total hip replacement is reported to be 1-2% (Charnley 

1969), however infection rates following hemiaitlnoplasty for proximal femoral 

fiactures is reported to be much higher (Arnold 1974). Infection following 

hemiarthroplasty should be treated as any other infection, however in the elderly frail 

patient these infections may be associated with a high mortality, sometimes as high as 

60% (Hinchey 1964).

These reports of high infection rates were often in the absence of prophylactic 

antibiotic treatment (Chan 1975). Double blind studies comparing prophylactic 

antibiotic use with placebo have shown consistent reductions in rates of infection when 

prophylactic antibiotics were used, with infection rates being reduced from just under 

5% with antibiotics to just under 1% with antibiotics (Boyd 1973).

Fracture or perforation of the femur may occur at the time of surgery, if such a 

fracture or perforation is recognised at the time of occirrrence and treated accordingly 

results should be satisfactory. Late fractrues occur often in the presence of osteopenia 

and may be difficult to manage with high rates of non-union (Parrish 1964, Harrington 

1978, Cooke 1984) (Fig 1.37).
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Fig 1.36 An anteroposterior radiograph showing acetabular erosion and

secondary loosening of the femoral stem of a Thompson prosthesis.
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Fig 1.37 A lateral radiograph showing a femoral fracture around the stem of a 

Thompson prosthesis.
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1.10.3 Complications following internal fixation.

1.10.3.1 Non-union.

Astley Cooper recognised that if  a displaced intracapsular proximal femoral fracture 

was untreated it was highly unlikely to unite.

The incidence of non-union is related to the stage of fracture as defined by Garden 

with Stage 4 fractures having a higher rate of non-miion (Garden 1961).

The incidence of non-union is increased by poor reduction and inadequate fixation 

(Garden 1961, Amoldi 1974, Kofoeld 1980, Holmberg 1987).

Using modern methods of fixation rates of non-union in displaced fractm-es can be 

reduced to aroimd 20% (Wood 1991, Stromqvist 1992).

Although non-union is probably closely related to the degree of vascular- injury to the 

femoral head at the time of fr acture (Hulth 1965) adequate fixation may produce union 

even in the presence of a diminished blood supply (Stromqvist 1983), whereas 

inadequate fixation by inexperienced surgeons increases the rate of non-union 

(Holmberg 1987).

1.10.3.2 Osteonecrosis.

Osteonecrosis following intracapsular proximal femoral fracture is probably the result 

of a combination of damage at the time of fractrrre and compression of the 

intracapsular- vessels left supplying the neck by intracapsular- haematorna (Tucker 1950, 

Stromqvist 1983, Stromqvist 1985, Wingstrand 1986). Osteonecrosis may lead to
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structural failure and late segmental collapse (Fig 1.38).

The incidence of osteonecrosis following ftacture is not known, because osteonecrosis 

itself may be asymptomatic.

Sevitt in a artériographie examination of retrieved femoral heads formd evidence of 

partial or total necrosis in 84% of the 25 femoral heads studied (Sevitt 1964). These 

results have been corroborated in other studies (Catto 1965(a)). Often the retinacular 

vessels were torn or damaged and the femoral head relied on supply from the 

ligamentum teres which was intact and injected in all but two cases of Sevitt’s series. 

In the two cases where the ligament was torn one had been caused by the egress of 

a nail. However nailing of intact previously injected cadaveric specimens has shown 

little effect on femoral head vascularity by the nail.

Union can occur- in the presence of osteonecrosis, as has been well demonstrated by 

several authors (Phemister 1939), and whether the presence of poor vascular ity is more 

likely to lead to early failure remains to be conclusively proven, although scintigraphic 

studies have suggested that poorly vascularised femoral heads are more likely to suffer 

from ear-ly healing complications (Stromqvist 1987).

Revascularisation itself may be a cause of late failure. The process of revascularisation 

may lead to a revascularisation front between dead and alive bone and it is through 

this area that subchondral fracture and late segmental collapse may occur-. Avascular- 

necrosis per se does not cause pain. Symptoms develop either as a result of the 

subchondral plate fracture and segmental collapse or are due to subsequent 

degenerative disease.
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Fig 1.38 A sagittal section of a femoral head showing avascular necrosis and 

segmental collapse.
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1.10.3.3 Fracture

Subtrochanteric fracture following multiple pin fixation has been reported by several 

authors (Fig 1.39). The devices implicated have been Garden Screws (Andrew 1984) 

and Gouffon pins (Neuman 1990). The incidence of this fracture is reported to be 

approximately 2% following multiple screw fixation. The fractiue seems to be 

associated with distal insertion at the level of the lesser trochanter. The fracture can 

be treated by insertion of a sliding hip screw leaving one or two of the pins in situ to 

maintain reduction of the femoral head.

To prevent fracture Neuman (Neuman 1990) recommends; 1) use of thi'ee pins, two 

superior and one inferior, 2) introducing a pin into the distal guide wire hole, 3) to not 

place pins distal to the proximal level of the lesser trochanter, 4) predrilling.
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Fig 1.39 Subtrochanteric fracture following multiple screw fixation.
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2. Aims, objectives and desigm of the Study.

As has been shown in the introduction to this thesis there is a considerable diversity 

of opinion concerning the optimal way to manage intracapsular- proximal femoral 

fractm-es. Eight areas of particular concern were identified for further investigation.

1. Although there are many reports from specialist centres concerning specific devices 

for the operative treatment of intracpasular fractures there are no published reports of 

how the average orthopaedic surgeon manages intr acapsular- proximal femoral fractures 

in the average hospital in the United Kingdom.

2. Although there have been some publications concerned with the incidence of missed 

fractiues in hospital populations there has been no study looking at the outcome of a 

cohort of patients who present to hospital following trauma, have a painful hip but a 

normal radiograph. The number of these patients who have an undisplaced and 

imdetected hip fracture is not larown.

3. Computerised tomography has not been used to study the morphology of proximal 

femoral fractures to ascertain whether the use of this technique would influence 

choices of treatment.

4. Clinical studies of the treatment o f proximal femoral fractm-es ar e abundant but very 

few of them are randomised prospective controlled trials. As has been shown in the 

introduction to this thesis there are many areas of controversy with regard to the
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management of intiacapsnlar proximal femoral fractures. Three areas were identified 

for further study.

1) It is Icnown that the severely demented elderly patient fares poorly following 

surgery, however, although there have been reports of good results with conservative 

treatment, no prospective randomised trial has been undertaken to compare operative 

versus conservative treatment of displaced intracapsular proximal femoral fractures in 

this group of patients. If  this group of patients could be managed successfully 

conservatively there would be no requirement for their transfer to an acute orthopaedic 

ward.

2) When using a hemiarthroplasty for the treatment of displaced intracapsular 

proximal femoral fractures there is a choice between using an uncemented or cemented 

prosthesis. The potential advantages of an uncemented prosthesis are shorter operating 

time, no risk of cement toxicity and, if the prosthesis does require revision, 

theoretically an easier revision procedure. There are orrly 4 reported series in the 

literature comparing cemented and imcemented hemiarthroplasty in proximal femoral 

fi actur es and non of these ar e randomised and prospective and thus no firm conclusion 

can be drawn as to whether herniartlnoplasties should be used with or without cement.

3) There is considerable debate as to the optimal treatment of displaced 

intracapsular- fiactures in the younger, mentally alert and ambulant patient. The most 

controversial area is whether these patients should be treated by replacement of the 

femoral head with a prosthesis or by internal fixation. Both methods of tr eatment have 

their advocates. However before a prospective randomised trial can be under-taken
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comparing fixation with replacement it is important to laiow the optimal method of 

fixation. At the time of commencement of this study no prospective randomised trial 

had been published comparing multiple parallel cancellous screws with a sliding hip 

screw plate, the two most common methods of fixation employed in the United 

Kingdom.

In an attempt to answer these tlnee questions a prospective randomised trial was 

undertalcen. During the trial period all intracapsular proximal femoral fractur’es 

admitted to the Leicester Royal Infirmary were assessed by the author and entered into 

one of three trials.

Patients with certain conditions were excluded from the trial.

Patients with symptomatic osteoarthritis or rheumatoid artlnitis prior to fiacture were 

excluded because fractures with coexistent degenerative disease are better treated by 

total hip replacement.

In the presence of neoplastic disease patients could not be entered into a rigid trial 

protocol and therefore were treated by the most appropriate method as judged on 

clinical grounds.

In patients with untreated osteomalacia, uncontrolled Parkinson’s disease or on long 

term steroid therapy failure rates following fixation are high and these patients were 

excluded.

Patients who declined entry into the trial were excluded.

To allocate patients into the tlnee treatment groups a mental test score system and the
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patients age were used to determine which limb of the trial the patient entered.

The rationale for these divisions was based on the known higher failure rates for the 

more elderly patients (Barnes 1976) and the shorter life expectancy of the demented 

patient (Evans 1980).

The mental test score used was a 13 point score designed by Evans and has been used 

extensively in Newcastle for investigation of proximal femoral fractures. The lower 

the score the more cognitively impaired is the subject and scores below tlnee represent 

severe dementia.

Allocation and design of the tlnee trials is outlined below.

Trial 1 - A prospective randomised trial of conservative versus operative

treatment of displaced intracapsular' proximal femoral fiactures in elderly minimally 

ambulant and severely demented patients.

Patients over 80 years of age with a mental test score of 3 or less were eligible for 

inclusion in this study.

Trial 2 - A prospective randomised trial of cemented and uncernented 

Thompson hemiarthroplasty for displaced intracapsular proximal fractines.

This trial consisted of 3 groups of patients

a) Patients over 80 year's of age with displaced intracapsular- proximal femoral 

fractures and a mental test score above 3.
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b) Patients 80 years of age or younger with intracapsular- proximal femoral 

fractures and a mental test score below 3.

c) Patients over 80 year-s of age with a mental test score below 3 who had 

been allocated to the trial comparing conservative versus operative treatment of 

intracapsular- proximal femoral fracture. Those patients in trial 1 who randomised to 

treatment with herniar tlrr oplasty were entered into trial 2 and randomised for treatment 

with either or uncemented Thompson hemiartlnoplasty.

Trial 3 - A randomised prospective study comparing internal fixation of the 

proximal femoral fractures with either a sliding screw and plate or multiple parallel 

carmulated screws. Patients 80 years of age or younger with a mental test score above 

3 were allocated to this trial.

The allocation of patients is summarised in Fig 2.1.

The mental test score and weighting of questions is sho-wri in table 2.1.

Informed consent was obtained from the patient, relative or person having legal 

responsibility for the patient before entering patients into the trials by the author- 

following discussion with the person giving consent. A patient information sheet 

(Appendix 2), in general use at the time of these trials, was also supplied to each 

patient.

4) There is some evidence to suggest that increased levels of intracapsular
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pressm-e may be found following proximal femoral fractures. To further clarify the 

problem a study was undertalcen to ascertain the level of intracapsular pressure 

following proximal femoral fracture.

5) Increased levels of intracapsular pressm-e may have a tamponade effect on 

femoral head blood flow following intracapsular- proximal femoral fractm-e. This 

reduction in femoral head blood flow may lead to subsequent avascular- necrosis and 

late segmental collapse. If  the intracapsular- pressme is relieved by aspiration of the 

intracapsular- haematorna femoral head blood flow may improve thereby reducing the 

risk of avascular- necrosis. A study was undertaken to ascertain the effect of 

intracapsular- pressme on femoral head blood flow and whether relieving that pressme 

improved blood flow.

Prior to commencement of the clinical studies local ethical committee approval was 

obtained.

In the prospective randomised trials randomisation was the last digit of the patients 

accident and emergency nmnber; an odd digit randomised to one limb of the trial an 

even to the other.

As the dmation of these trials was time limited power calculations were deemed to be 

redundant.

For long term review of these patients sm vival analysis would be more appropriate 

than the analysis used in the short term review.
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Fig 2.1 Flow chart showing clinical trial design.
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Table 2.1 Questions asked and the weighting used to obtain the mental test score.

question asked score

age to nearest year 0 1

time to nearest hour 0 1

address for recall 0 1 2

date 0 1 2  3

day of week 0 1

name of hospital 0 1

date of birth 0 1

year of f i r s t  world war 0 1

name of present monarch 0 1

count backwards from 10 0 1

maximmi to ta l 13
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3. Clinical Studies
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3.1 A postal survey of methods of treatment of displaced intracapsular fractures 

in the United Kingdom.

3.1.1 Introduction

Although there have been many publications concerned with methods of treatment of 

intracapsular proximal femoral fractures, little is known about the methods of 

treatment used for these fractures in this country by individual orthopaedic surgeons 

and whether their methods of treatment have been influenced by the few prospective 

or randomised published trials. To correct this deficiency in the literature, and also to 

obtain information to enable trials relevant to present British clinical practice to be 

undertaken, an investigation of the current practice of orthopaedic surgeons in the 

United Kingdom, with regard to treatment o f displaced intracapsular proximal femoral 

fractures, was performed.

3.1.2 Materials and method.

642 consultant orthopaedic surgeons were identified who practised in hospitals 

concerned with the management o f trauma, and were therefore likely to be involved 

in trauma management themselves. The source of this information was the Directory 

of Operating Theatres and Departments o f Surgery (CMA Medical Data Ltd 1989). 

A simple questionnaire was devised which could be answered by simply ticking boxes, 

although space was left at the end of each question to enable comments to be made 

(appendix 1).
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The questions asked were;

1) preferred method of treatment of displaced intracapsular proximal femoral fractures 

in patients in three age groups, under 70 yrs, 70 - 80 yrs and over 80 yrs o f age.

2) most often used method of internal fixation

3) most often used prosthetic replacement

4) frequency of use of polymethylmethacrylate bone cement with prosthetic 

replacement.

5) surgical approach used for prosthetic replacement

The questionnaires were sent to the identified consultants with an enclosed addressed 

envelope to enable return of the questiomiaire.

Replies were entered into a custom designed database (Dataease, Sapphire Software

1989) and data analysis was conducted within the database.

3.1.3 Results.

485 replies were received for analysis which represented 76% of the study population. 

The option was given for the replies to be anonymous and therefore no data is 

available for regional variations in treatment practice.

Methods of primary treatment in patients over 70 years of age consistently favoured 

replacement of the femoral head with a prosthesis with 93% of sur geons performing 

primary prosthetic replacement between 70 and 80 years of age and 97% when the 

patient was over 80 year's of age (Fig 3.1.1). Wlien patients were imder 70 year's of 

age 39% of sur geons would still opt for primary prosthetic replacement. Some replies 

commented that under 70 yrs of age the choice between primary prosthetic
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replacement and fixation would depend on the physiological age of the patient, 

although only tlnee surgeons mentioned that they would use a mental test score system 

to help in their assessment.

The majority o f surgeons opted for either a sliding hip screw or multiple carmulated 

screws as their method of primary internal fixation of displaced intracapsular fr actur es, 

(Fig 3.1.2). Of other types of fixatiorr used 23 used non camrulated cancellous screws, 

15 used the hook pin system, 11 used fixed nail plates, and 11 sliding nail plates. The 

other methods of fixation employed were varieties of thin threaded pin and 2 used 

single nails of the Smith Peterson type. Overall 33% of surgeons used sliding screw 

plate devices and 57% some sort of carmulated or non-canrrulated multiple cancellous 

screw system.

With regard to femoral head replacement the majority of sirrgeons favoured some form 

of hemiarthr oplasty (92% of responses). Analyzing the type of hemiar tlrr oplasty used, 

62% favoured simple hemiartliroplasties and 30% bipolar hemiarthroplasties. For 

simple herniartlrroplasty sur'geons favoured either the Austin Moore prosthesis or the 

Thompson prosthesis in equal numbers (Fig 3.1.3).

Age of the patient did not affect choice of replacement if  the smgeon elected to 

replace the femoral head in a yormger patient, with over 90% of surgeons using a 

hemiarfhroplasty in patients under 70 years of age, 60% of the hemiarthroplasties 

being of the unipolar type (Fig 3.1.4).

Overall use of cement with femoral head replacements varied from 38% of surgeons 

who always cemented their replacements to 23% who rarely or never cemented their 

replacements (Fig 3.1.5). The use of cement with Thompson, Austin Moore and 

bipolar- replacements is shown in frgrues 3.1.6 - 3.1.8.
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Use of cement with Thompson hemiai'thi'oplasty in different age groups is shown in 

figm-e 3.1.9.

Sm-gical approach used for prosthetic replacement is shown in figme 3.1.10.
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Fig 3.1.1 Histogram showing preferred method of treatment of displaced

intracapsular proximal femoral fractures in three age groups.

Preferred Method of It-eatment of Displaced 
Intracapsular Proximal Femoral Fractures

number of responses

under 70 yrs 70 - 80 yrs 
age groups

I  fixation 

Ü3 replacement

over 80 yrs
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Fig 3.1.2 Pie chart showing overall usage of types of fixation device for displaced

intracapsular proximal femoral fractures.

Types of Fixation used in 
Displaced Intracapsular Proximal Femoral Fractures

Cannulated screws 205 35%
Garden screws 91 15%

wse screws 18 3% 

lowtes pins 18 3%

other 64 11%

Sliding screw/plate 196 33%
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Fig 3.1.3 Pie chart showing type of prosthesis favoured when replacing the

femoral head in displaced intracapsular proximal femora! fractures.

Types of Replacement used in 
Displaced Intracapsular Proximal Femoral Fractures

Thompson 180 
31%

Austin Moore 181 
31%

Other 15

THR 36

Bipolar 170 
29%
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Fig 3.1.4 Pie charts showing types of prosthesis used when replacing the femoral

head in displaced intracapsular proximal femoral fractures in three age groups.

Type of replacement used for different age groups

Thonip*en
73 90%

Auttin  Moor*

IS 9%

79 33%

u n d er 70
194 29%

70  - 80 over 80

I Thompson ED Austin Moore O  Bipolar S lH R  B o th e r
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Fig 3.1.5 Pie chart showing overall use of cement with prosthetic replacement.

Overall Use of Cement with Prosthetic Replacement

usually 
83 17% always 

129 26%

som etim es 
46 9%

T

rarely 
97 20% never 

142 29%

I always D  usually CD som etim es D  rarely S  never
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Fig 3.1.6 Pie chart showing use of cement with the Thompson prosthesis.

Use of Cement with Thompsons prosthesis

usually __ 
50 28%

sometimes 
22 12%

always 
68 38%

never
8 4%

rarely 
33 18%

I always [D usually [D som etim es B  rarely 0  never
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Fig 3.1.7 Pie chart showing use of cement with the Austin Moore prosthesis.

U se of C e m e n t w ith A ustin  M oore P ro s th e s is

rarely 
46 25%

som etim es
12 7%

usually
6 3%

a lw ay s
13 7%

105 58%

lalvyays [D usually d  sometimes S  rarely H  never
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Fig 3.1.8 Pie chart showing use of cement with bipolar prostheses.

Use of Cement with Bipolar Prostheses

usually^ 
31 ii

sometimes 
18 11%

rarely 
28 17%

always 
58 35%

33 20%

I always O  usually d  som etim es S  rarely S  never
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Fig 3.1.9 Pie charts showing frequency of use of the Thompson prosthesis in three 

different age groups.

Use of Cement With Thompsons Hemiarthroplasty

•fw tyt66 39%

n«v«r usually

raraly
12 19% semaoniM 

21 1 2 %
sfrnMniM

u n d er 70 70 - 80 over 80

I always Q  usually Q  som etim es 0  rarely 0  never
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Fig 3.1.10 Pie chart showing surgical approach preferred when performing 

prosthetic replacement.

Types of Approach used in 
Prosthetic Replacement

Posterior 172 32%

Antero lateral 142 26%

Other 34 6%

Charnley 18 3%

Hardinge 180 33%
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3.1.4 Discussion and conclusions.

A study such as this may be open to criticism because of the simplicity of the 

questions asked. It is difficult to strike a balance in a postal questionnaire between 

completeness of questioning and willingness to respond. The questions were designed 

to make response easy and this is reflected in the good response rate of 76%. Another 

factor involved in the response rate may have been that, although questions were 

directed at consultant singeons, the operations were performed by junior staff with 

little senior input and the questionnaire was completed by these same trainee surgeons. 

Inevitably compromises have to occui", and the question that provoked most criticism 

was the first question dividing patients into age groups. In retrospect this could have 

been increased to include more age bands. The particulai' criticism that was levelled 

by some respondents was that their decision was based on the physiological age of the 

patient not the biological age. This criticism is valid, however only two respondents 

stated that they employed a mental test score to help in patient assessment, despite the 

fact that it has been shown to be the most important determinant of outcome in 

intracapsular proximal femoral hactui'es. (Ions 1987, Wood 1992).

The choice between internal fixation or replacement is one that has not been 

adequately resolved in the orthopaedic literature. Of the four- prospective papers 

addiessing this problem (Riley 1978, Sikorski 1981, Soreide 1979, Skinner 1989) none 

have sufficiently long follow-up to assess the long term complications of prosthetic 

replacement, which is Imown to be high in patients with intracapsular proximal 

femoral fiactuies ( Hunter 1980, Greenough 1988), in contrast to the long term results 

of modern fixation, which aie reported to be good (Nilsson 1989). Despite the lack of
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evidence for superiority of prosthetic replacement there was a almost a uniformity of 

opinion amongst UK surgeons that patients over 70 years of age with displaced 

intracapsular proximal femoral fiactuies should be treated by discarding the patient’s 

femoral head and replacing it with a metal ball. In contrast, although the majority of 

surgeons treated patients under 70 years of age with internal fixation, a large 

proportion, (36%), of sur geons would treat such patients with a prosthetic replacement 

despite reports of poor results with hemiartlrr oplasty in younger patients (Pun 1988). 

Methods of fixation used were, on the whole, the most modern methods, with over 

68% of surgeons using either a camiulated screw system or a sliding screw plate 

system. Both systems have been reported to give good results when reported separately 

(Sldnner 1986, Wood 1991), however no study has compared a carmulated screw 

system with a sliding screw plate in a randomised prospective trial. However one study 

has compared non-camiulated multiple screw fixation with a sliding screw/plate 

(Madsen 1987). This study can be criticised for having few numbers at long term 

follow-up and also for using an additional screw superior to the sliding hip screw, 

which unless placed parallel with it, may cause jamming of the screw within the bairel 

of the plate thus preventing sliding of the screw and impaction of the fiactuie. This 

could explain the apparent superiority of the multiple screw system in this study. It is 

interesting that the hook pin system which has comparable results to the cannulated 

hip screw or the sliding screw plate (Stromqvist 1992) was only used by 15 suigeons. 

The use of devices such as fixed nail plates, single nails or multiple pins must be 

seriously questioned because of the reported poor results from fixation with these 

devices (Barnes 1976).

The choice of prosthesis for hemiaitlnoplasty was divided evenly between the
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Thompson, Austin Moore and bipolai' prostheses. There was widespread use of bipolar 

hemiarthroplasties with approximately one third of UK sur geons using them as their 

primary method of treatment of displaced intracapsular" proximal femoral fractures. 

Although the results of simple herniar tlrr oplasties ar e poor (Hunter 1980, Pryor 1990) 

and some reports of bipolar prostheses suggest better results others suggest results 

comparable to the simple prosthesis the theoretical reduction in acetabular erosion 

remains miproven (Bochner 1988). At present prices ( Jolmson and Johnson Co Ltd, 

1991) the cost of bipolar prostheses is approximately three times that of unipolar 

designs and imtil a prospective randomised trial proves the superiority of one type over 

another the wholesale adoption of a prosthesis of unproven long term benefit must be 

viewed with circumspection.

Although the Thompson’s prosthesis was originally used without cement upon the 

introduction of polymethylmethacrylate the prosthesis was commonly used with 

cement. Today 1 in 5 UK surgeons do not use the prosthesis with cement routinely 

despite some evidence the results are inferior without cement (Follaci 1969).

It is also surprising that 10% of suigeons nearly always cement the Austin Moore 

prosthesis despite the fact that it was specifically designed to be implanted without 

cement and the fenestrations in the prosthesis allow bone ingrowth and may malce 

revision of the cemented prosthesis difficult because of the cement in the fenestrations. 

32% of suigeons favoured the posterior approach for hemiaitlnoplasty despite reports 

o f higher complication rates with this approach (Chan 1975).

This is the only survey of contemporaiy UK practice and reveal inconsistencies and 

illogicallities of treatment.

In the United Kingdom replacement of the femoral head is favoured for patients over
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70, whereas in Scandinavia fixation is preferred (Bauer 1990). There is no evidence 

from a prospective trial that one method of treatment is superior in the long term to 

another. There is an equal division between usage of cannulated screws and sliding 

screw plates for fixation, however these two devices have never been subjected to a 

randomised prospective trial. There is widespread use of bipolar" replacements with 

little evidence of superiority over standard prostheses.

Out-dated fixation devices aie used, improven prostheses are being inserted, cement 

may or may not be used depending on whim and surgical approaches associated with 

high complication rates are used by one third of surgeons.

From these results prospective trials can be planned that logically address the current 

practice of UIC surgeons.
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3.2 A study of the outcome of elderly patients presenting to an accident and 

emergency departm ent with a painful hm following trauma and with no evidence 

of fracture on radiographs.

3.2.1 introduction

A problem facing all suigeons involved in the treatment of the elderly is the patient 

who, following a fall, has a painful hip and difficulty walking. Most usually the 

patient is referred to an Accident and Emergency Department and a radiograph is 

performed. In the presence of a fiactuie the disposal of the patient is a relatively easy 

proceduie, in that referral is immediately made to an Orthopaedic Department. A 

difficult problem is those patients who are seen in hospital with a painful hip and 

difficulty in mobilising following trauma, and do not have a ffactuie on their initial 

radiograph. It has been suggested that these patients who have a normal radiograph on 

initial presentation, may in fact have an undisplaced proximal femoral fracture 

(Eastwood 1987).

With intiacapsulai' ffactui'es there is a risk that if  the hip is not protected or internally 

fixed displacement could occui" as the patient mobilises (Bentley 1968), thus 

converting a fracture which is undisplaced into a displaced fiactme. The results of 

internal fixation of undisplaced fiactmes are exceptionally good (Bentley 1968), 

however, once the fracture has displaced, the results of internal fixation become much 

worse, with failure rates varying from 20 to 40%. (Barnes 1976).

There are undoubtedly a group of patients in whom a fiactuie is missed on the initial 

radiograph and this group accounted for 12 of the 36 delayed diagnoses of hip fracture
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in one series (Eastwood 1987). However, a more contentious issue is whether there 

is a group of patients who present with a painful hip following trauma, usually minor, 

have a normal radiograph on first attendance and subsequently a ffactuie of the 

proximal femur becomes apparent. Previous studies have addressed the problem in 

relation to in patient admissions and have discovered that a small proportion of 

hospital admissions with pain in the hip following trauma and a normal initial 

radiograph subsequently display a fiactuie on later radiographs (Fairdough 1987). 

This has led some authors to suggest more extensive investigations of these patients 

to try to find the small proportion who have a fractm'e. Suggested methods of 

investigation to discover occult fiactuies aie repeat radiographs, bone scans, 

computerised tomography and MRI (Fairdough 1987, Alba 1992).

A study was undertalcen to discover the incidence of hip fracture in a cohort of 

patients presenting to an accident and emergency department with pain in the hip 

following trauma and no fracture on their initial radiograph.

3.2.2 M aterials and method

Patients who attended the accident and emergency depaitment of the Leicester Royal 

Infirmary, for a one yeai" period, March 1988 to February 1989, with hip pain 

following trauma sufficient to limit mobility were identified from the computerised 

records of the accident and emergency department. In Leicestershire, all patients 

transported by ambulance aie seen in the Accident and Emergency Department based 

at the Leicester Royal Infirmary, and all Orthopaedic Trauma admissions are to the 

same hospital. For this reason it was possible to identify any patient who was seen
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in the Accident and Emergency Department and subsequently treated by the 

Orthopaedic Trauma Service for a hip fiactuie.

Patients were included in the study if they presented with hip pain following trauma, 

had limitation of mobility and had a no fiactuie on their initial radiograph.

The radiographs were all assessed by a Consultant Radiologist and the author and 

agreement reached on whether there was a fiactuie visible.

Patients were followed up by scrutiny of hospital admissions and phone contacts with 

General Practitioners. This review took place 3 to 12 months after their initial 

presentation to the accident and emergency department and details were obtained on 

all patients originally identified.

123 patients who were identified the criteria of hip pain and normal initial radiograph. 

The mean age of the patients was 77.8 (SD 9.2) yeai's, and the patients were 

predominantly female with a sex ratio of 3:1. The mechanism of injury was in 107 

cases a fall, usually a fall in their place of residence (Fig 3.2.1).

All patients were recorded as having difficulty mobilising.

The majority of patients were dischai ged from the accident and emergency department 

to their place of residence.

When reviewed 13 patients had died. None of those who had died had sustained hip 

fiactuie between attendance and death. Of the remaining 110 patients. Five had 

sustained a fracture, but only thiee had sustained a hip fiactuie. Two of these 

fiactmes were extracapsulai", and one was intracapsulai-. All these fractures were
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sustained or documented within tlnee months of initial presentation. Of the 45% who 

were immobile at the time of initial presentation, 11 had died by the time of review. 

Of the patients reviewed 20% had been admitted to hospital because of other problems 

between time of attendance to the accident and emergency department and review.
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Fig 3.2.1 A histogram showing method of injury»
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Fig 3.2.2 A histogram showing place to discharge of patients from the Accident 

and Emergency department.

no of patients
1 2 0 1

100

80

60

40

20

0
Discharge home G eriatric Orthopaedic

Place to Discharge

128



3.2.4 Discussion and conclusions.

This study suggests that there is a very low incidence (2.5%) of late presentation of 

hip ffactuie among a cohort of patients who presented to an accident and emergency 

depaitment with pain, limited mobility following a fall and a normal initial radiograph. 

It is impossible to loiow from the 5 patients who sustained a hip fiactuie, whether the 

flip fiactuie was present when they originally presented but not apparent on initial 

initial radiograph or whether the fracture occurred following another event. Of note 

is that three of the patients who developed a hip ffactuie, gave a history of a second 

injm'y to their hip. Thus it is impossible to define exactly the true incidence of the 

invisible ffactuie on initial radiographs.

10% of patients had died prior to review and 20% had been admitted to hospital with 

conditions other than ff actuie. Cause of death was impossible to elucidate because 

almost always the patients died at home and no post mortem data was available. This 

liigh mortality and morbidity rate is reflected in the fact that falls in the elderly are a 

predictive factor for increased morbidity and mortality (Hindmarsh 1989, Campbell

1990)

A fall in an elderly patient is a significant life event. Even in the presence of a 

painful hip, a patient with a normal hip radiograph does not require admission to an 

orthopaedic trauma ward but should be admitted to a rehabilitation or orthogeriatric 

ward and be assessed by physicians for comorbidity, and also by Orthopaedic 

Surgeons to exclude a missed fracture. Although the irrcidence of fracture in this 

group of patients is very low if the hip is still painful a further radiograph should be 

obtained one week after injur-y.
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3.3 An investigation of the morphology of intracapsular proximal femoral

fractures using computerised axial tomography.

3.3.1 Introduction.

Imaging techniques used for the diagnosis of intracapsular proximal femoral fractures 

have included plain antero-posterior and lateral radiographs, tomography and isotope 

bone scanning, magnetic resonance imaging but only rai'ely computerised axial 

tomography.

Computerised tomography is a method of imaging which allows data to be assessed 

fi'om sequential transaxial images. Computerised tomography has been used to image 

the hip previously but in mainly pelvic and acetabular- fr actur es (Pitt 1990) or to detect 

intracapsular haemartlrroses (Egund 1990).

A study was mrdertalcen to determine whether the sophistication of computerised 

tomography would be valuable in the assessment of the cross-sectional morphology 

of intracapsular proximal femoral fractru'es.

3.3.2 Materials and methods.

Twenty eight patients who had sustained an intracapsular proximal femoral fracture 

were studied. Selection of patients was dependant on the availability of the CT scanner 

which was determined in an independant non-systernatic mamier. All patients gave a 

history of acute injury to the hip no longer than one week prior to the investigation. 

Computerised tomography (CT) was performed using an 1GE8 8000 CT scanner.
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Patients were placed supine on the table of the scanner. The position of the pelvis was 

localised with a scout scan and from the scout scan the superior aspect of the 

acetabulum and the lesser trochanter were identified on the affected side (Fig 3.3.1). 

Between six and eight one centimetre slices were taken from the superior aspect of the 

acetabulum to the lesser trochanter. Images were initially displayed on a computer 

monitor screen and when acceptable were transferred to radiographic film to allow 

later evaluation. All CT scanning was performed under the supervision of a single 

radiologist.

Analysis of the images was performed without reference to the plain radiographs. The 

fractures as seen on CT scans were classified according to degree of displacement, site 

and degree of comminution and whether the appeaiances on the CT scan were 

consistent with a new or an old fiactuie.

3.3.3 Results.

Five fractures were undisplaced or minimally displaced on CT assessment (Fig 3.3.2). 

Displacement was seen in twenty two fiactuies (Fig 3.3.3). O f the undisplaced 

fiactui'es three showed impaction (Fig 3.3.4) and six of the displaced fiactuies also 

showed some impaction, usually of the posterior cortex of the femoral neck into the 

head (Fig 3.3.5). Comminution of the cortex of the femoral neck was present in the 

majority of the displaced fiactmes with twenty one displaced fiactmes having some 

degree of comminution. Comminution of the anterior cortex of the femoral neck was 

more common than posterior comminution with sixteen fiactmes showing anterior 

comminution, nine posterior comminution and fom- both anterior and posterior
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comminution.(Fig 3.3.6)

Six of the fiactuies assessed had morphology on the CT scan which was suggestive 

of an old fiactuie with loss of definition of the fi actuie edges and sclerosis at the 

fiactme site (Fig 3.3.7)

Fluid in the hip joint, as chaiacterised by a radiolucent line aiound the femoral head 

was demonstrated in only eight of the fractm-es and no effusion was present in those 

fiactmes that showed signs of being old fiactmes (Figs 3.3.8).
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Fig 3.3.1 Scout scan showing localisation of the hip and slice selection for image 

analysis.
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Fig 3.3.2 A CT scan of an undisplaced intracapsular proximal femoral fracture.

m
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Fig 3.3.3 A CT scan of a displaced intracapsular proximal femoral fracture.
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Fig 3.3.4 A CT scan of an undisplaced and impacted proximal femoral fracture.
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Fig 3.3.5 A CT scan showing a displaced fracture with impaction of the posterior 

neck into the head.
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Fig 3.3.6 A CT scan showing both anterior and posterior comminution.
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Fig 3.3.7 A CT scan showing a fracture which exhibits radiological features 

consistent with an old injury.
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Fig 33 .8  A CT scan showing the presence of fluid within the hip joint 

characterised by a lucent line anterior to the head of the femur on the left side.
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3.3.4 Discussion and conclusions.

Comminution was present in the majority of ûactuies, but smprisingly anterior 

comminution was more coimnon than posterior comminution, although the anterior 

comminution was often minor.

Many authors stress the importance of posterior comminution in contributing to 

instability of the fracture and adding to the damage to the retinacular vessels (Meyers 

1973, Meyers 1980). The significance of anterior comminution, which was a common 

finding in the patients studied, is not Icnown. It may be that anterior comminution 

represents a more severe injuiy and therefore signifies a worse prognosis following 

fixation of the fracture.

Fluid, presumably haematoma, was visible in the hip joint in eight patients. The 

presence of fluid within the hip joint may indicate the need to aspirate the hip, because 

it has been suggested that intracapsular fluid may cause a tamponade of the blood flow 

to the femoral head (Wingshand 1986, Wingstrand 1988, Stromquist 1988).

CT scanning is expensive and inconvenient and as such is probably not the best 

method to detect a haemaithiosis when easier methods such as ultrasound are 

available.

The most interesting finding was the detection of some fiactmes which had the 

appearances of an old fiactuie. All patients in this study had a good history of injmy 

in the week preceding the scan and no previous history of fi'actuie. It is, of eouise, 

impossible to prove that these represented old injuiies, but none of them had a 

haemaithiosis within the hip joint. It can be conjectured that these patients had had a 

previous fracture which had developed a fibrous non-union and that the trauma that
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caused the admission had disrupted that imion
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3.4 A prospective randomised study comparing operative versus conservative 

treatm ent of displaced intracapsular proximal femoral fractures in the elderly 

demented patient.

3.4.1 Introduction

Elderly, minimally ambulant and severely demented patients have a high morbidity 

and mortality following intracapsular proximal femoral fiactuie (Ions 1987, Wood 

1992). This finding has led some authors to suggest that these patients should not 

undergo operative treatment but instead have conservative treatment of the fracture 

with intensive and appropriate medical treatment (Lyon 1988).

Although a comparative study of the outcome following eonservative and operative 

treatment of these fractures has been performed (Lyon 1988), there has been no 

randomised prospective study compaiing these two methods of treatment.

An attempt was made to perform such a trial.

The trial was plamied to run for at least one year, however had to be abandoned 

because of dissatisfaction with the results of conservative treatment by health care 

professionals associated with the eare of these patients. The author also had personal 

ethical difficulty continuing the trial after it had been running for six months. 

Informed consent for entry into the trial could not be obtained from the patient and 

was therefore sought from the patients relatives or legal representative. Local ethical 

committee approval had been gained for the trial.

3.4.2 M aterials and methods.
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The trial ran from 1®‘Januaiy 1989 imtil it was terminated in August 1989. Patients 

with a displaced intracapsular fiactuie who were admitted duiing this time period were 

assessed on admission. Patients who had a mental test score of tlrree or below, 

indicating severe dementia (Evans 1979), and who were minimally ambulant (house 

bound and mobilised only with a walking aid) were eligible for inelusion in the study. 

Nine eligible patients were not included because of lack of consent or inability to find 

someone capable of giving consent.

Those patients randomised to operative treatment were entered into a trial compaiing 

cemented and uncemented hemiaitlnoplasties.

Conservative treatm ent

Patients were treated by studied neglect of the fracture. From the day after admission 

the patient was allowed to sit out of bed and mobilisation, with the aid of 

physiotherapy staff, was commenced.

Operative treatm ent

Patients were entered into a study eomparing cemented and uncemented Thompson 

prostheses. Operation was performed as soon as possible following fiactuie and 

following operative treatment patients were allowed to sit out of bed and mobilise the 

day after operation.
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All patients were referred to geriatricians for fuifher rehabilitation.

Patients were reviewed two to tlnee months following admission in a dedicated hip 

fiactuie clinic.

3 .43  Results.

Twenty one patients were included in the study, 9 were randomised to conservative 

treatment and 12 to operative treatment. Demographic details aie shown in table 3.4.1. 

All patients sustained their fiactmes whilst indoors.

Of those treated operatively only 3 patients were living in their own home, with 

support from relatives and caie services, the remainder were either in residential caie 

(5 patients) or resident on geriatric or psychogeriatric wards (4 patients).

One patient treated conservatively came from a home environment, 3 from residential 

care and 4 from geriatric or psychogeriatric waids.

Thr ee patients in the conservative limb of the trial were operated upon within 2 weeks 

of admission beeause of perceived poor performance and pain. This decision was made 

by the consultant in charge of the patient. These patients were treated with a cemented 

Thompson hemiaitlnoplasty.

One patient who had been treated operatively died dming the time of the initial 

hospital stay.

Mean hospital stay for those patients treated conservatively was 18.8 days (SD 16.6, 

range 2 - 5 7  days) and those treated operatively 11.9 days (SD 5.1, range 5 - 2 3  days). 

No statistical tests were applied to these figures because of the small number of 

patients.
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Only 3 patients were reviewed in the outpatient clinic, 1 who had been treated 

operatively and two who had been treated conservatively. None were waking 

independently and none were reported to be in pain by their health care workers. 

Two patients in the conservative limb of the trial were referred back because of 

difficulties in management for consideration of treatment by hemiarthroplasty.

Case histories.

An 89 year old Caucasian female who was severely demented and walked only with 

assistanee, was initially randomised to conservative treatment. Informed consent for 

randomisation was obtained from her children. She was transferred to geriatric 

rehabilitation care after 12 days. Two months following transfer it was felt by the 

geriatric senior registrar that although she did not seem to be in pain she was not 

walking and therefore rehabilitation would prove to be difficult. After consultation 

with her son and daughter the decision was made to treat her with a herniartlrroplasty. 

She was transferred to the orthopaedic trauma care facility for this to be performed. 

Following operative treatment she did not walk independently and died 2 months 

following dischaige.

An 85 year- old Caucasian male was admitted from his own home and was randomised 

to conservative treatment. He was cared for by his wife, was severely demented and 

walked only with assistance. He failed to walk whilst on the acute orthopaedic ward 

and was transferred to acute geriatric care after 57 days. During that time he 

developed sacral and bilateral heel sores and a chest infection. Four months following

146



fracture he was referred again to the orthopaedie department for consideration of 

femoral head replacement. On examination at that stage he had pain on movement of 

his affected leg and was not walking. He also had severe chest and myocardial disease, 

which, coupled with his pressure sores made him unfit for surgery. He died six months 

following fiaeture still an inpatient on a geriatric ward.
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Table 3.4.1 Demographic details of patients entered into the trial comparing 

operative and conservative treatment.

woMasmROWiÆsnt aamEsmatTwm

MALE

10FEMALE

MEAN AGE 85.92 (SD 3.5) 86 .33  (8D 3 .2 )

82AGE RANGE 91 81 92

1.17 (SD 1.34) 0 .8 9  (SD.0.77)MEAN MENTAL TEST
SCORE
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3.4.4 Discussion and coHclusions.

This trial was stopped after nine months because of difficulty in recruitment, pressure 

from other health care professionals, most particularly nurses and the geriatric senior 

registrar- concerned with the assessment of ortho-geriatric patients, and most par-ticular y 

because of the author’s concern with the results in patients treated conservatively. The 

two case histories illustrated above indicate some of the problems associated with 

conservative treatment.

Although operatively treated patients did not appear to perform better in terms of 

mobilisation or mortality the practical aspects of care were much easier in this group 

of patients. In conservatively treated patients there was always the suggestion that if 

operated upon they would perform better. When a patient was treated operatively it 

was felt by his carers that "everything that could be done from an orthopaedic point 

of view had been done".

This study does not address the question as to whether the patients treated 

conservatively would have been better treated in their own enviromnent rather than 

being transferred to an orthopaedic war'd and entered into a trial compaiing operation 

with no operation, which may have introduced a bias because of the possibility of 

direct comparison by relatives and care workers with those patients who had had 

surgery.

The experience of the author has been similar to that of Winter (Winter 1987) and the 

conclusion of Lyon that the most humane treatment and economically suitable method 

of treating these patients is conservatively has not been upheld by this limited study 

(Lyon 1988).
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3.5 A prospective randomised tria l comparing cemented and uncemented 

Thompson hemiarthroplasty in the treatm ent of displaced in tracapsular proximal 

femoral fractures.

3.5.1 Introduction.

The Thompson prosthesis is used by approximately 31% of surgeons in the United 

Kingdom for the treatment o f displaced intracapsular proximal femoral fractures. Of 

those surgeons who use the prosthesis 34% regularly use the prosthesis without 

cement.

There have only been four papers in the literatur'e comparing cemented and 

uncemented prostheses. Follacci and Charnley performed a retrospective review of 

cemented and uncemented Thompson prostheses and concluded that better results were 

obtained with the cemented prosthesis (Follaci 1969). Sonne-Holm eompared cemented 

and uncemented Moore prostheses and concluded that pain relief and gait was 

improved with a cemented prosthesis (Sonne-Holm 1982). Wrighton retrospectively 

compared uncemented Moore prostheses with a cemented Thompson prosthesis 

(Wrighton 1971) and Sadr (Sadr 1976) retrospectively compared cemented Thompson 

prostheses with uncemented Thompson prostheses, however the uncemented prosthesis 

was coated with proplast, a porous substance which supposedly allowed ingrowth of 

bone. The conclusion of these last two trials was the same as the other studies that 

cemented hemiarthroplasties perform better than uncemented.

The balance of opinion in the literature is that cemented hemiarthroplasties are 

superior to uncemented, still over 30% of UK sur geons perform a replacement with

150



a Thompson prostheses without cement.

Because only one trial had compared standard Thompson prostheses, and that study 

was retrospective, a study was devised to compare cemented and uncemented 

Thompson prostheses.

3.5.2 M aterials and methods.

All patients admitted to the Leicester Royal infirmary with displaced intracapsular- 

proximal femoral fractures between P ‘ January 1989 and P* January 1990 were 

assessed for inclusion in the study.

Three types of patient were eligible for inclusion

i) Patients over 80 year-s of age with a mental test score above 3.

ii) Patients under 80 years of age with a mental test score of 3 or below.

ill) Patients over 80 years of age with a mental test score of 3 or below and who had 

been randomised in the trial comparing operative to conservative treatment to the 

operative limb of the trial.

Patients were randomised to treatment with either a cemented or uncemented 

prosthesis.

Informed eonsent was obtained from the patient, relatives or legal guardian and local 

ethical cormnittee approval had been granted for the study.

Patients were operated upon as soon as possible following admission.
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Operative technique.

All operations were performed with the patient supine with a sandbag under the 

affected buttock. A direct lateral approach was used without removal of the trochanter. 

The femoral head was excised and the neck osteotomised with a saw. The excised 

femoral head diameter was measured and a prosthesis of appropriate size used.

For uncemented prosthesis the femoral cavity was only partially reamed and the 

appropriately sized prosthesis inserted. If the prosthesis did not achieve a tight fit in 

the femoral canal the prosthesis was removed and reinserted with cement, the patient 

being withdrawn from the trial. The prosthesis was reduced and tested for stability. A 

suetion drain was used for 48 horns postoperatively.

For cemented prostheses the femoral canal was fully reamed. 

Polymethylmethacrylate cement was inserted by a finger packing technique without 

a cement restrictor. The appropriate prosthesis was inserted into the cement filled 

femoral canal and the cement was left to erne. As in the imcemented technique the 

prosthesis was reduced and stability assessed. A suction drain was used.

Post operatively patients were encouraged to sit out of bed 24 horns after smgery and 

walking was commenced following a post operative radiograph, usually 48 hours after 

surgery.

Patients were assessed daily and following discharge were reviewed in dedicated hip 

fiactme clinic at 2 to 3 months following sui'gery.

3.5.3 Results

One hundred and thirty seven patients were included in the study, 71 patients were
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randomised to treatment with a cemented Thompson prosthesis and 66 to treatment 

with an uncemented.

Demographics of the patients are shown in table 3.5.1.

One patient randomised to the cemented group died during sur-gery upon insertion of 

cement into the femoral eavity, three remaining patients in the cemented group died 

on the ward prior to discharge. Two patients treated with uncemented prostheses died 

before discharge.

Five patients sustained dislocations, four- within 2 weeks of operation (3 cemented and 

1 uncemented), all were treated by closed reduction. One patient with a eemented 

Thompson presented at the review clinic with a dislocated prosthesis 2 months 

following sur-gery, the time of dislocation was not Icnown and because of the patients 

general poor condition no fruther action was taken.

There were 5 superficial infections (2 cemented and 3 rmcemented) and 1 deep 

(cemented). The superficial infections resolved with antibiotics. The deep infection was 

treated with antibiotics and the patient was left with a pain free hip but a discharging 

sinus.

Mean stay on the acute orthopaedic ward was 16.56 (SD 6.34) days for rmcemented 

prostheses and 14.38 (SD 9.54) days for cemented prostheses.

By 3 months following sirrgery 12 patients in the cemented group had died and 6 in 

the uncemented group. By one year post surgery 20 patients had died in the cemented 

group and 17 in the uncemented group.

29 patients with cemented prostheses and 31 with rmcemented prostheses were 

reviewed at 8 to 12 weeks following surgery in the special hip fractm-e review clinic. 

All had a decline in mobility when compared to pre-fracture status, 3 in the eemented
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group and 5 in the uncemented group only mobilised with assistance of others. Of 

those patients who were able to give an account of themselves 9 in the uncemented 

group and 3 in the cemented complained of pain in the affected leg.

Statistical analysis was performed using a chi square test.
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Table 3.5.1 Demographic details of patients entered into the trial comparing 

cemented and uncemented Thompson hemiarthroplasty.

CmENTED TBOMPStm UMaMENTED ÏBOMPSCWr

MALE 17 18

54 48FEMALE

84.2 (SD 6.0)MEAN AGE 82.07 (SD 10.8)

60 - 100AGE RANGE 64 98

6.66 (SD 4.12) 6 .8 3  (SD 4 .1 5 )MEAN MENTAL TEST 
SCORE
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3.5.4 Discussion and conclusions

This study of the early results o f cemented and uncemented Thompson 

hemiaitlnoplasty, showed a significant difference in early mortality (within 3 months) 

in the cemented group (p< 0.05), but no difference in mortality at 1 yeai" between the 

two groups. This increase in early mortality may be explained by the possibility of 

emboli and toxic monomer during cement insertion causing transient hypotension. 

There was one death during cement insertion.

This study also looked at the incidence of early pain in the affected thigh following 

surgery. More patients with rmcemented prostheses experienced thigh pain than 

patients with cemented prostheses, although this was not significant.

The majority of patients in this study were elderly and a lai'ge number were 

cognitively impaired. This group of patients put limited demands on their hip and it 

behooves the surgeon to provide them with the most optimum of treatments. If the 

decision is made to replace the femoral head with a hemiartlrroplasty this should be 

performed using the best available teclmique.

Thigh pain has been reported following uncemented total hip replacement (Callaghan 

1988) and this thigh pain has been attributed to poor fitting of the femoral component 

in the femoral canal (Young-Hoo 1993). The Thompson prosthesis comes with a 

universal stem size which will fit the medullary canal tightly in some patients and 

loosely in others, it is probable that the prostheses with poor fit will produce poor 

results.

The results of this study, although only a short term review, do confirm the results of 

previous studies (Follaci 1969, Wrighton 1971, Sadr 1976, Sorme-Holm 1982) and
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recommendation camiot be given to use of an uncemented Thompson prosthesis.
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3.6 A prospective randomised trial comparing multiple parallel canimlated screws 

with a sliding hip screw and plate in the treatment of displaced intracapsular 

proximal femoral fractures.

3.6.1 Introduction.

As was shown in the chapter 3.1 the two most common methods of fixation of 

displaced intracapsulai' proximal femoral fiactmes aie either with multiple screws or 

a sliding screw with attached side plate. There have been many reports of the use of 

the devices(Skinner 1986, Hegge 1989, Wood 1992), but few randomised tiials 

compai'ing these two devices (Madsen 1987). A study was devised to compare, in a 

randomised prospective trial, the two devices for the treatment of intracapsular 

proximal femoral fractures.

3.6.2 Materials and methods.

The two devices chosen for comparison were the Ambi hip screw (Richards Medical) 

and cannulated hip screws (Richards Medical).The Ambi hip screw is a lag screw 

wliich attaches to a side plate (Fig 3.6.1). Rotation of the lag screw in the bairel of 

the plate is prevented by a clip and compression by a screw which fits into a thread 

into the shaft of the lag screw distally. The cannulated hip screw system consists of 

screws which are inserted over guide wires (Fig 3.6.2). The guide wires aie positioned 

in the femoral head with a guide which allows paiallel placement of the wires (Fig

3.6.3 - 3.6.4).
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Patients 80 years of age or younger and with a mental test score above three and 

patients with undisplaced fractures were eligible for inclusion in the study. Patients 

admitted to the Leicester Royal Inflrmaiy between 01/01/89 and 01/04/90 were eligible 

for inclusion in the study.

All patients with inhacapsular ffactuies were assessed the day after admission by the 

author and mental function was assessed by the Mental Test Score (Evans 1978). If 

patients were eligible for inclusion in the study informed consent was obtained and 

following agreement to be included they were then randomised into one of the two 

treatment arms.

All operations were performed by the author as soon as possible after admission, 

normally on a dedicated hip fractui'es list. Anaesthesia was usually by general 

anaesthetic, however choice of anaesthetic was left to the discretion o f the anaesthetist. 

Fixation was performed on a hip fracture table under biplanai' image intensification 

(Fig 3.6.5 - 3.6.6).

For the patient to continue the trial an adequate reduction and fixation had to be 

aolilevecl.

No specific manoeuvre was used to reduce the fiacture, but usually a combination of

gentle traction, internal rotation and adduction was sufficient. Reduction was checked 

by an antero posterior and lateral radiograph taken before fixation (Fig 3.6.7 -3.6.8). 

Adequate reduction was defined as an AP Garden angle between 180 and 150 degrees 

and a lateral garden angle 20 degrees either side of 180 (Barnes 1976). If an adequate 

reduction could not be achieved the patient did not continue in the trial and the 

decision was taken to either pin in situ, perform an open reduction or to proceed to 

replacement of the femoral head.
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A lateral approach to the proximal femur was used for fixation (Fig 3.6.9). 

Following reduction the hip joint was routinely aspirated, in some cases following 

measurement of intracapsular pressuie.

The method of fixation was different for the two implants.

Ambi hip screw.

Under image intensification a guide wire was introduced into the femoral head through 

the lateral femoral cortex. The guide wire was positioned so that its tip lay in the 

centre or slightly interiorly in the head on the antero-posterior view and in a central 

or posterior placement in the lateral view. Following adequate positioning of the 

primary guide wire two more guide wires were inserted superiorly to prevent rotation 

of the femoral head during reaming or screw insertion. The length of screw required 

was then directly measured from the primary guide wire (Fig 3.6.10) and the proximal 

femoral neck and head reamed to allow insertion of the lag screw (Fig 3.6.11). The 

lag screw and plate was assembled on an introducer (Fig 3.6.12) and the lag screw 

was then inserted into the femoral head over the primary guide wire (Fig 3.6.13) and 

attached to a two hole side plate which was secur'ed to the femoral shaft with two 

cortical screws. The guide wires were then removed. A clip was inserted into the 

barrel of the plate to prevent rotation of the lag screw in the plate (Fig 3.6.14). A 

compression screw was only used if the bone quality of the femoral head was judged 

to be good (Fig 3.6.14).

Fixation was assessed with antero-posterior and lateral radiographs and was considered 

to be adequate if the screw was in a central or inferior position on the antero-posterior
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radiograph and a central or posterior position on the lateral radiograph. In addition the 

tip of the lag screw had to be not less than a centimetre from the subchondral bone 

on both the antero-posterior and lateral radiographs (Fig 3.6.16 - 3.6.17).

Cannulated screws.

As with the ambi hip screw fixation was tluough a lateral incision. Tluee guide wires 

were inserted using the par allel guide. Guide wires were inserted with one inferior and 

two superior, with the inferior screw lyiirg just above the calcar'.

A reamer was used over each guide wire, and the three screws inserted over the guide 

wires (Fig 3.6.18), the guide wires were then removed. Adequate positioning of the 

screws was essential for continuation of the patient in the trial. The three screws had 

to converge or diverge no more than 10 degrees and two of the three screws had to 

lie within one centimetre of the subchondral bone on both the antero-posterior and 

lateral radiograph (3.6.19 - 3.6.20).

Post operative regime.

The post operative management was the same for both treatment groups. The patient 

was allowed to mobilise protected weight bearing with either crutches or a frame 24 

hours postoperatively.

The patient was allowed to move onto a walking stick as comfort allowed. No attempt 

was made to enforce a regime of non-weight bearing.

When the patient was sufficiently mobile discharge was either to home or a
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rehabilitation facility.

Follow-up was in a special hip clinic at 6 weeks, 3 months, six months, one year- and 

eighteen months post-operatively. Radiographs were taken at each attendance. If  a 

healing complication occurred the patient was referred back to the consultant under 

whose caie he was originally admitted.

Failure was defined as the development of healing complications, either failure of 

fixation, non-union or avasculai' necrosis, sufficient to warrant revision surgery.

As this was a short term review statistical analysis of faihue was performed using the 

chi square test, however for a long term review sur'vival analysis would be more 

appropriate.
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Fig 3.6.1 The Ambi hip screw.
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Fig 3.6.2 A cannulated hip screw.
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Fig 3.6.3 Disposition of holes in the barrel of the guide.
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Fig 3.6.4 Photograph to show guide wires passing through barrel thereby allowing 

parallel placement of wires.
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Fig 3.6.5 Position of image intensifier to obtain intra-operative antero-posterior 

view of hip.

\

167



Fig 3.6.6 Position of image intensifier to obtain intra-operative lateral view of 

hiE,
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Fig 3.6.7 Intra-operative radiograph showing antero-posterior view of reduction.
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Fig 3.6.8 Intra-operative radiograph showing lateral view of reduction.
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Fig 3.6.9 Photograph showing lateral approach used for fixation and presence of 

a large haematoma around the greater trochanter.
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Fig 3.6.10 Method of direct measurement of length of screw from guide wire.
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Fig 3.6.11 Reaming of tract for screw with two additional guide wires to provide

stability to the femoral head.
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Fig 3.6.12 Lag screw and plate assembled prior to insertion.
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Fig 3.6.13 Insertion of lag screw over guide wire with two supplementary guide

wires to prevent rotation of the femoral head.
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Fig 3.6.14 Insertion of clip to prevent rotation of the lag screw in the barrel of

the plate.
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Fig 3.6.15 Insertion of a compression screw into the barrel of the lag screw.
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Fig 3.6.16 Antero-posterior radiograph showing position of Ambi hip screw.

1 7 8



Fig 3.6.17 Lateral radiograph showing position of Ambi hip screw.
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Fig 3.6.18 Insertion of cannulated hip screw over a guide wire.
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Fig 3.6.19 Antero-posterior radiograph showing position of cannulated hip

screws.
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Fig 3.6.20 Lateral radiograph showing position of cannulated hip screws.
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3.6.3 Results.

214 patients were eligible for inclusion in the study. One patient declined to participate 

in the trial, in two patients an adequate reduction could not be obtained and they were 

treated by femoral head replacement and in two patients cannulated screws could not 

be placed in an acceptable position and an alternative method of fixation was 

employed. These 5 patients were excluded from further analysis as they did not fulfil 

all the criteria for entry into the trial as defined in the trial protocol. Therefore 209 

patients were entered into the study 102 patients were treated with an Ambi hip screw 

and plate (AHS) and 107 with multiple camiulated screws (CHS).

Using a t-test the distribution of age, sex, mental test score and time from fracture to 

operation was not significantly different between the two groups (Table 3.6.1).

Two patients in the AHS group died during their acute admission and 1 in the CHS 

group. Five CHS patients died within tluee months of surgery and 7 in the AHS 

group.By one year- 9 patients had died in the CHS group and 10 in the AHS. 

Patients were reviewed in the dedicated hip fiactme clinic for 12 - 18 months 

following operation.

By 1 year 11 patients in the CHS group had failed and 9 in the AHS, failrrre being 

defined as revision of the implant to a replacement, either total or hemiar thr oplasty, 

consequent upon the development of a healing complication ( painful non-union, 

mechanical failme or painful late segmental collapse). This difference in failure rates 

was not significant. Sirrvival analysis would be more appropriate for long term 

analysis of results.

Two patients in the CHS group sustained a post-operative subtrochanteric fracture.
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Table 3.6.1 Demographic details of the patients entered into the trial comparing 

Ambi hip screw with multiple cannulated screws.

BHBI BIP SCREW CEMMULmTED BIP SC B B m

29MALE 25

73FEMALE 82

82DISPLACED 91

20UNDISPLACED 16

72.2 (SD 11.6) 71.9 (SD 10.2)

25 93AGE RANGE 42 91

10.49 (SD 2.57) 10.59 (SD 2.62)MENTAL MEAN TEST 
SCORE
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3.6.4 Discussion and conclusions.

There has been no previous prospective randomised trial specifically comparing a 

camiulated screw system with a sliding screw plate system for the treatment of 

intracapsular proximal femoral fractm'es. Previous publications have either been reports 

of one or other of the devices (Sldmier 1986, Wood 1992) or have been comparisons 

between sliding screw plates and non-cannulated screws (Madsen 1987).

A cannulated screw system has the theoretical advantage of more accurate placement 

of the multiple screws in the femoral head. The author, however, found the cannulated 

screw system more difficult to use, despite a period learning to use the device before 

commencement of the trial. It was extremely difficult to place the slender guide wires 

accm-ately because they tended to veer off couise when striking hai'd bone. In contrast 

the guide wire of the Ambi hip screw system was much thicker and accuiate 

placement was found to be much easier with this device.

To use the development of healing problem as a definition of failme is well recognised 

(Stromqvist 1984, Stromqvist 1992).

Using this definition there was no difference in failure rates between the two devices. 

The slightly better results obtained for the devices in this study than in other studies 

(Skinner 1986, Wood 1992) is likely to reflect the attention to accmacy of reduction 

and placement of implants, poor reduction and poor implant placement is associated 

with higher failure rates (Barnes 1976).

The most serious complication was a postoperative subtrochanteric fractm'es, which 

occmred in two of the patients treated with caimulated screws. No subtrochanteric 

ffactme occmred in the group treated with an Ambi hip screw.
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In the subtrochanteric fractures the screw insertion point was not distal to the lesser 

trochanter, which is associated with this problem (Neuman 1990).

Although technical imperfections of insertion may predispose to fiacture the potential 

for fracture is inherent in any multiple screw system. As the intracapsular ffactiue 

unites and impacts the screws back out and leave an already osteoporotic femoral 

cortex further wealcened by screw holes. This unprotected lateral cortex is thus more 

likely to sustain a stress fiacture. A side plate removes this problem.

Although no difference could be found in failme rates between the two devices the 

difficulty of insertion and the risk of subtrochanteric fiactme with multiple cannulated 

screws mean that this method of fixation caimot be recommended for intracapsular 

proximal femoral fractm'es.
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3.7 An investigation into the levels of intracapsular pressure followiiig proximal

femoral fractures.

3.7.1 introduction.

The aetiology of avascular necrosis following proximal femoral fracture remains 

controversial. There is no doubt that in intracapsular fractm'es there is considerable 

disruption to the blood supply (Catto 1965). This is most noted in displaced 

intracapsular' fractm'es when the retinacular' vessels may be torn or stretched. However 

avascular' necrosis does also occm' in undisplaced fractm'es where it is rmlikely that 

there is significant damage to the retinacular' vessels. In these fractm'es the main 

damage is to the intraosseous circulation.

A possible aetiological factor for avascular necrosis in undisplaced fractures is the 

presence of an haemartluosis which causes tamponade and therefore obstruction of 

blood flow the femoral head (Stromqvist 1985).

An experiment was designed to study the levels of intracapsular' pressme following 

proximal femoral fractmes.

3.7.2 Materials and methods.

Fifty five patients were studied with proximal femoral fractures. There were 47 

intracapsular fractures (31 displaced, 16 midisplaced or minimally displaced and 8 

extracapsular fractm'es).
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All their measui'emeiits were made under anaesthesia at the time of definitive fixation 

of the fiacture. Informed consent and local Ethical Committee approval had been 

granted for the study.

Intracapsular pressme was measmed with 125 nun 18 gauge spinal needle. To the luer 

lock of the needle a tluee way tap was attached to which was attached a 150 mm 

manometer tube. The manometer tube was attached to a Gould p50 pressme 

transducer and then to an amplifier and chait recorder. The system was flushed with 

Saline before insertion of the needle. The system was zeroed with the tap open to 

atmosphere at the level of the insertion of the needle. The hip joint space was 

approached antero-laterally and percutaneously (Fig 3.7.1) and insertion was guided 

by image intensification. Resistance was felt to the needle tip as it passed through the 

capsule of the hip joint and then firm resistance was felt as it hit the bone of the 

femoral head (Fig 3.7.2). The needle was withdrawn slightly with the bevel facing 

anteriorly. Readings of intracapsular pressme were then talcen. After intracapsular 

pressme readings had been talcen the hip was aspirated until pressure fell to zero. 

After aspiration the intracapsular placement of the needle was confirmed by injection 

of 1 ml of radio-opaque dye (Nyopam). The hip was not moved dming pressm-e 

readings. Statistical testing was performed using a two sample t-test.

188



Fie 3.7.1 Photograph showing percutaneous insertion of cannula to measure

intracapsular pressure.
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Fig 3.7.2 Lateral radiograph sbowing position of cannula within the hip joint.
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Fig 3.7.3 Antero-posterior radiograph showing arthrogram confirming intra-

articular placement of cannula.
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3.7.3 Results.

The mean intracapsular pressur e for all patients before aspiration of the hip was 39.2 

mmHg (range 0 - 220, SD 55.8). In undisplaced intracapsular- proximal femoral 

fractures the mean intracapsular presstu'e was 94.9 mmhg (range 0 - 220, SD 74.4). 

In displaced intracapsular proximal femoral fractures the mean intracapsular- pressure 

was 17.7 mmhg (range 0 - 80, SD 19.3 ). In extracapsular- proximal femoral fractm-es 

the mean intracapsular pressure was 10.9 mmhg (range 0 - 25, SD 9.4) The values 

of intracapsular- pressure for all tluee groups are shown in frgiue 3.7.4.

The mean intracapsular- pressiu'e was significantly higher in the group of undisplaced 

fractm'es than in either the displaced or extracapsular- groups (p<0.05).
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Fia 3.7.4 Graph showing values for intracapsular pressure 
in the three groups of fracture studied.
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3.7.4 Discussion and conclusions.

It was initially surprising to find increased intracapsular pressure in some of the 

extracapsular fractures. Theoretically there should be no direct bleeding into the joint 

space following extra-capsular fracture. However, these fractures are almost always 

are produced by a fall (Janrlo 1990) and such local trauma may produce an effusion. 

Following intracapsular- proximal femoral fiacture the blood flow to the femoral head 

may be severely impaired (Catto 1965(a)). This impairment comes from complete 

interruption of the intraosseous (or metaphyseal circulation) and partial disruption or 

complete disruption of the retinacular- supply. The disruption of the retinacular- supply 

may be due to tearing of the retinacular- vessels or Idnldng secondary to displacement 

of the fiacture. Because of this tenuous blood supply it has been suggested by var ious 

authors (Soto-Hall 1964, Stromqvist 1985, Crawford 1988) that increased pressure in 

the joint cavity occurring following an intracapsular- fi-acture may reach levels 

sufficiently high so as to obstruct the remaining flow of blood to the femoral head. 

Experimental work with juvenile animals in which the situation is to some extent 

similar- than to an intracapsular- fiactme have shown that sustained increases in 

intracapsular pressme even to levels of 40 rmnHg in the rabbit can produce hypoxia 

and ischaemic changes in the femoral head (Vegter 1987, Svalagosta 1989). 

Intracapsular pressmes well above diastolic have been reported in the clinical literature 

in humans and in this series intracapsular- pressmes to intracapsular fractm-es vary from 

0-220 mmhg. It is possible that intracapsular pressm-es above the critical capillary 

closing pressme of 30 mm Hg can constrict remaining vessels that lie within the hip 

joint.
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This study has shown that high intracapsulai- pressures are present following 

intracapsular proximal femoral fractures and this increase in pressure is more marked 

in imdisplaced intracapsular- proximal femoral fractures.
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3.8 Measurement of intra-osseous pressure in the femoral head following 

proximal femoral fracture.

3.8.1 Introduction.

The major complications of intracapsulai' fractures of the femoral neck are failure of 

fixation, non-union and avascular' necrosis. Avascular necrosis may be caused by 

damage to the retinacular vessels at the time of fiactur e or, possibly, by the tamponade 

effect of an intracapsular haernatorna (Soto-Hall 1964, Kristensen 1989).

To attempt to measrue the possible influence of intracapsular haematoma on femoral 

head blood flow intra-osseous pressme was used as a method of measming changes 

in bone blood flow.

Intra-osseous pressme is not a rneasmement of ar'terial or venous pressme alone, but 

a combination of the two. Changes in pressm e can be seen to par allel changes in blood 

flow. This relationship between bone blood flow and intra-osseous pressure has been 

demonstrated in animals, and although direct flow rneasmements carmot be measmed 

changes in flow are reflected by changes in pressure (Azuma 1964, Sliim 1972).

3.8.2 Materials and method.

50 patients with proximal femoral fractmes were studied: seventeen of the fractmes 

were extracapsular and thirty thr-ee intracapsular. Nine of the intracapsular- fractmes 

were undisplaced or only minimally displaced and twenty fbm- were displaced. 

Informed consent was obtained from the patients for the rneasmements.
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All rneasmements were performed mrder anaesthesia before the fractm'e was internally 

fixed dming the same anaesthetic.

Intiacapsulm pressm-e was measmed with a 125 imn ,1 8  G spinal needle (Steriseal 

Ltd). To the hub of the needle was attached a three way tap with luer lock connector 

which was connected to a 150 cm manometer tube. The manometer tube was 

comiected to a Gould P50 pressme transducer and then to an amplifier and chart 

recorder.

The system was flushed and filled with saline prior to insertion into the hip joint. 

Pressmes were measured with reference to a zero level obtained with the three way 

tap opened to atmosphere and placed at the level of insertion of the needle.

The hip joint space was entered percutaneously tluough an antero-lateral approach, 

guided by image intensification.

After all readings had been taken, including intra-osseous pressme, and the hip joint 

was aspirated, the intracapsulai- placement of the needle was confirmed by injection 

of one to five mis of radiopacque dye (Niopam) and intracapsular placement was 

confirmed by image intensification of the hip joint. Following confirmation of 

placement the hip was again aspirated.

For displaced fractm-es, pressmes were measm-es after the fiactme had been reduced, 

which often required the leg to be internally rotated, whilst in the remainder of the 

fractm-es the pressures were measmed with the hip in a neutral position.

The hip was not moved dming the pressme recordings.

Intra-osseous pressme was measured with a pm-pose-built stainless steel probe (Gaeltec 

Ltd) 120 mm in length and 2 mm in diameter. The pressme sensor was 2 mm from 

the tip and sideways facing (Fig 3.8.1). The advantage of this catheter-tip transducer
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is that it records the pressme at the site of interest with no intermediate manometer 

tubing and taps. The transducer was zeroed before insertion thereby ensming all 

measmements were correct with regard to atmospheric pressme.

The size, shape and rigidity of the probe made it easy to introduce through a guide 

wire hole and its radio-opacity made it possible to achieve precise placement of the 

probe (3.8.2).

The transducer was connected to an amplifier and chart recorder to provide permanent 

recordings.

Following drilling of a guide wire into the femoral head tluough the lateral cortex the 

guide wire was removed and the probe inserted through the guide wire channel and 

its placement was confirmed by image intensification. Readings were talcen from the 

trochanteric region and from the head both before and after aspiration of the hip. 

From the readings obtained (Fig 3.8.3) pulse pressme was talcen as the amplitude 

between the maximmn and the minimum of the waveform and the mean pressme as 

the midpoint between them (Fig 3.8.4).

Intracapsular- and intra-osseous pressures were measmed simultaneously.

Statistical testing used paired t-tests as the same measmements were repeated in the 

same groups of individuals under different conditions.
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Fig 3.8.1 Close up photograph of the pressure probe showing lateral position of 

the transducer (white).
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Fig 3.8.2 Antero-posterior radiograph showing position of pressure probe in

head.
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Fig 3.8.3 Intraosseous pressure tracing of pressure in the trochanter (upper trace) 

and femoral head (lower trace).

I

KT-.i;:':.;

201



Fig 3.8.4 illustration of method of calculation of mean intraosseous pressure and 

pulse pressure.

pressure

PP
lOP

time

P P  =  P U L S E  P R E S S U R E

l O P  =  M E A N  I N T R A O S S E O U S  P R E S S U R E
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3.8.3 Results.

The mean inti'acapsulai- pressure before aspiration of the hip was 23.07 mmhg (SD 

39.1) in extracapsular- fractui-es and 30.03 mmhg (SD 47.48) in intracapsular fractures. 

The hip joint was aspirated with a 20 ml syringe until the intracapsulai- pressure fell 

to zero. The exact amount of blood aspirated was difficult to quantify because once 

the lateral femoral cortex had been perforated there was a slow lealc of fluid from the 

joint.

There were no significant differences in the intraosseous or pulse pressures recorded 

in either type of fracture in the hochanteric region (Table 3.8.1).

In extracapsular- fiactuies, there were no significant differences in the mean or pulse 

pressur-es in the femoral head before and after aspiration of the hip (Table 3.8.2, Table 

3.8.3). However, in intracapsular- fractures, the mean intra-osseous pressure in the 

femoral head fell by 4.56 rmnhg and the mean pulse pressure rose by 0.65 mmhg 

following aspiration (Table 3.8.2, Table 3.8.3). These changes are statistically 

significant for both mean pressure (p = 0.037) and for pulse pressure (p = 0.038)
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Table 3.8.1 Intraosseous pressures in the trochanteric region in proximal femoral

fractures.

Fracture Mean intraosseous 

pressure

Mean pulse pressure

Intracapsular 38J3 6.84

n=33 SD 17.61 S D 4J6

Extracapsular 38.43 8J4

n = 17 SD 13.52 SD 4.94
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Table 3.8.2 Mean intraosseous pressures in the femoral head in proximal femoral

fractures before and after aspiration of the hip.

Fracture

Mean pressure

Before After Difference

Intracapsular 44.97* 40.41* 4.56

n = 33 SD 26.8 SD 20.0 SD 11.8

Extracapsular 49.06 49.94 0.88

n = 17 SD 18.3 SD 19.9 S D 6 J

* p  =  0 .0 3 7
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Table 3.8.3 Mean pulse pressures in the femoral head before and after aspiration

of the bin.

Mean pulse pressure

Fracture Before After Difference

Intracapsular 5L18* 5.84* 0.65

n = 33 S D 5 J SD 5.79 SD 1.72

Extracapsular 7 94 7.82 0.12

n = 17 SD 4.4 SD 4.62 SD 0.48

p  =  0 .0 3 8
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3.8.4 Discussion and conclusions.

Measur ement of intra-osseous pressru'e has been used by other authors as a means 

of measuring bone blood flow (Azrrrna 1964, Shim 1972,), but earlier methods 

were restricted by teclinical shortcomings. The method described, using a catheter- 

tip pressuT'e transducer, has the advantage that the pressme sensor is in direct 

contact with the site to be measmed. This teclmique is easier and gives far* greater 

reproducibility.

The large standard deviations in the results are a feature of all work involving 

intra-osseous pressme; this makes direct comparison between individuals difficult. 

However, in each individual subject the values are reproducible if the pressme is 

recorded from the same place, as in this clinical study. Therefore if external 

conditions are altered and cause a change in bone blood flow, this will be reflected 

by changes in intra-osseous pressme.

In individual cases changes in intra-osseous pressme probably do reflect changes 

in bone blood flow: venous obstruction will cause an increase in pressme, abolition 

of arterial flow will be reflected by abolition of the pulse pressme (Azuma 1964). 

Various authors have suggested that increased pressm'c in the joint cavity, after an 

intracapsular- fractme, may reach a level sufficiently high to obstruct the flow of 

blood to the femoral head. (Soto-Hall 1964, Crawfurd 1988).

In the previous study (3.7) intracapsular pressures as high as 220 mmhg were 

recorded following intracapsular fractme. However, there has been little direct 

evidence in man that these intracapsular pressures can stop or decrease the bone 

blood flow to the femoral head. Stromqvist showed indirectly, using bone scarming
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tecliniques, that some femoral heads showed increased uptalce, suggesting increased 

blood flow, following aspiration of the hip. However, other factors may have 

influenced this result: the hips were scaimed twenty fbui" hours after aspiration and 

after osteosynthesis (Stromqvist 1988). Kristensen showed increases in femoral 

head POg following aspiration of the hip in two of nine patients with intracapsulai- 

ffactuies, but in this study intracapsular pressures were not measured (Kristensen 

1989).

The fall in mean intra-osseous pressure after aspiration of the hip in intracapsular- 

ffactirres may be interpreted as being due to relief of an initial venous obstruction 

by removal of an intracapsular haematoma. Similarly the associated increase in 

pulse pressure may be interpreted as showing an increase in bone blood flow. 

These results add further evidence that an intracapsular haematoma, in the presence 

of a damaged intra-osseous circulation after an intracapsular fractrrre may cause 

ischaemia of the femoral head which can be reversed by aspiration of the joint. If 

this is to prevent osteocyte death, then it should be performed as soon as possible 

after the fractrrre.
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4. General discussion and conclusions.

Proximal femoral fiactmes aie a common problem that confronts an orthopaedic 

surgeon daily. These fractures commonly occur- in the most elderly and vulnerable 

section of the cormmrnity. Although there are many publications concerned with 

these fractures very few studies are randomised or prospective. The incidence of 

these fractures is increasing and they will continue to be a major cost to the 

National Health Service. It is important that strategies for the management of these 

fractures are based on sound scientific principles.

Proximal femoral fractures can be subdivided into two types, intracapsular and 

extr-acapsulai-. Although the economic and social implications of both fr actur es ar e 

similar it is the management of intraeapsular- proximal femoral fr actirres that is the 

most controversial.

The most controversial area is whether, following an intracapsular proximal 

femoral fractme, the femoral head should be discarded or preserved, and if the 

femoral head is to be discarded with what it should be replaced.

In a survey of praetising United Kingdom orthopaedic smgeons (3.1) the majority 

of sur geons favour ed replacement of the femoral head in patients over 70 years of 

age. There was, however, no consensus view as to what sort of replacement should 

be used, with 30% favouring an Austin Moore, 30% a Thompson and 30% a 

Bipolar- prosthesis. Similarly there was no consensus as to whether the prosthesis 

should be cemented or uncemented.

Wlien the surgeon elected to treat the fr-acture with osteosynthesis a wide variety 

of implements were used, but the majority of surgeons favoured either multiple
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cancellous screws or a sliding screw and plate.

A further area of controversy is whether some intracapsular- proximal femoral 

fractm-es may not be detected on initial radiographs. A cohort of elderly patients 

were identified who presented to an accident and emergency department with 

painful hips following trauma (3.2). None of them had a fractm-e on initial 

radiographs.

On follow-up only a very small percentage (2.5%) had subsequently developed a 

hip fracture, however a considerable percentage had either died or been admitted 

to hospital with conditions other than fr actur e. If the phenomenon of undetectable 

fracture does exist it occrus in only a small proportion of people with painful hips 

and normal radiographs following trauma.

An analysis of the morphology of proximal femoral fractm-es was conducted using 

computerised tomography (3.3). This study showed comminution to be a cormnon 

featme following intraeapsular- proximal femoral fractme. An interesting finding 

was the detection of some supposedly new fractm-es whieh had the radiographic 

featm-es of an old fractme. At present the cost and inconvenience of computerised 

tomography preeludes its routine use.

Although studies o f the morphology of proximal femoral fiactmes using 

computerised tomography did not prove of value in this study it may be that more 

sophisticated methods of computerised tomography using bone density 

measurement of the femoral head may prove useful in finding fiactmes likely to 

fail following internal fixation.

A study comparing operative versus conservative treatment of displaced 

intracapsular proximal femoral fiactmes in the elderly and severely demented was
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attempted. It proved impossible to continue this study because of the perceived 

deprivation of care of the conservatively treated group.

Although in this study it was foimd impractical to continue this trial it may be 

more appropriate to design a trial comparing conservative treatment o f these 

fractures in a musing home or geriatric ward environment with operative treatment 

on an orthopaedic ward.

An area that still remains controversial is whether a Thompson hemiarthoplasty 

should be used with or without cement. A trial was conducted comparing cemented 

and imcemented Thompson hemiartluoplasty (3.5). The short term result was more 

predictable with a cemented prosthesis, with less patierrts suffering thigh pain if 

the prosthesis was cemented. Although the results of uncemented ai thioplasty aie 

inferior in the short term there still remains the questions as to whether there is 

any difference in long term results, which will be answered by a long term review 

of the patients entered into this trial.

Although many methods of internal fixation of intracapsulai' proximal femoral 

fiactuies aie used by UK suigeons, the most commonly used methods are either 

multiple cancellous screws or a sliding screw and plate. A tiial was condueted 

comparing these two methods of fixation (3.6). Although there were no differences 

in faihue rate between the two devices multiple cannulated screws were more 

difficult to use and were associated with postoperative subtrochanteric fractures. 

This study has shown that acceptable results can be obtained from internal fixation 

of intracapsular proximal femoral fiactuies. What is has not been investigated in 

this study is whether the different devices aie associated with different rates of 

avascular necrosis. A long term review of the patients that were included in this
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study will help to answer this question.

This study not addressed the issue of whether it is better to replaee or fix the 

femoral head. This question will only be answered by a study comparing the best 

method of fixation with the best method of replacement, neither o f which ar e yet 

Icnown.

The study of intracapsular pressure following intracapsular proximal femoral 

fracture (3.7) has shown that high levels of intracapsular pressure are found, most 

pai'ticulaiiy in undisplaced fiactuies. The levels of intracapsulai' pressure are 

theoretically high enough to obstruct femoral head blood flow.

It has been shown, using intraosseous pressuie,(3.8) that aspiration of these 

haemai'tlii'oses improves femoral head blood flow. If  this is to reduce avascular 

necrosis the aspiration should be performed as soon as possible following fracture, 

before osteocyte death has occurred.

The question remains as to whether eai'ly aspiration of the hip following 

intracapsulai' proximal femoral fiacture reduces the failuie rate from internal 

fixation. Only a prospective randomised trial compaiing eai'ly aspiration with no 

aspiration will answer this question.

This collection of studies aiound the subject of intracapsular proximal femoral 

fiactuies has tried to addi'ess problems of diagnosis and management by means of 

prospective trials. Wlierever possible, when compaiing two different methods of 

management, these trials have been randomised.

Although more questions have been raised than answered it is only by the 

prospective randomised trials that an element of scientific fact can begin to 

influence clinical management decisions.
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5. General SummaiT

3.1 Orthopaedic suigeons in the United Kingdom do not have a consensus as to 

the best way to manage intracapsulai- proximal femoral fiactmes.

3.2 Elderly people with pain in the hip following trauma and a normal initial 

radiograph have a low incidence of proximal femoral fractm-e.

3.3 Computerised tomography has shown new facets to the morphology of 

proximal femoral fractm-es, most particularly that some apparently new ffaetmes 

may be old.

3.4 Conservative treatment of displaced intracapsular proximal femoral fractures 

in the elderly demented patient is not a practical method of treatment.

3.5 Uncemented Thompson hemiarthroplasty produces a short term result which 

is inferior to a cemented prosthesis.

3.6 There are no differences in failme rate between multiple cannulated screws and 

a sliding screw plate when treating intracapsular proximal femoral fractures, but 

multiple cannulated screws are more difficult to use and are associated with 

postoperative subtrochanteric fractures.

3.7 High levels of intracapsular pressure are found in the hip following
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intracapsular proximal femoral fractme. These levels are highest in undisplaced 

fiactuies.

3.8 Aspiration of the haemaitlnosis in the hip following intracapsular proximal 

femoral fractui'e improves the blood flow to the femoral head.
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Appendix 1 Postal questionnaire.
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SUBCAPITAL FRACTURES IN PATIENTS IN THE FOLLOWING AGE GROUPS
1 .h a m s  o f  a g i □Manipulation and pinning

Replacement □
2 BETWEEN 7 0 -80  YEARS OF AGE □Manipulation and pinning

Replacement □
3 o s m  m  m im  o r  a g i □Manipulation and pinning

Replacement □
-..... ........

|4 WHEN "PINNING" A DISPLACED SUBCAPITAL 1 OF FIXATION DO YOU MOST OFTEN USE
FRACTURE WHICH METHOD

a) Knowles Pins □
b) Howse Screws □
c) Garden Screws □
d) Cannulated Screws 

(Richards, AO) □
e) sliding screw/plate 

(DHB.AHB)
f) Other

n
'□

if answer is d, e or f please indicate
1



5 WHEN YOU FEEL PROSTHETIC REPLACEMENT IS INDICATED FOR 
SUBCAPITAL FRACTURES IN ELDERLY PATIENTS WHICH PROSTHESIS 
DO YOU MOST OFTEN USE

a) Thompson

b) Austin Moore

□□
c) Bipolar Hemiarthroplasty | '  [

d) Total Hip Replacement j j

e) Other [ [

If answer Is c,d,or e please Indicate type of prosthesis used

6 WHEN USING THIS PROSTHESIS IN THESE CICUMSTANCES 
DO YOU USE BONE CEMENT ?

a) Always

b) Usually

c) Sometimes

d) Rarely

e) Never

If answer Is c, or d please specify Indications for use



7 WHAT SURGICAL APPROACH DO YOU USE TO PERFORM ARTHROPLASTY 
IN THESE CIRCUMSTANCES □□

a) Antero-lateral

b) Posterior

c) Hardinge | |

d) Charnley | [

e) Other

if answer is e please indicate approach used

□

Thank you for your co-operarion in this study.



Appendix 2 Patient information sheet
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SUBCAPITAL FEMORAL NECK FRACTURES ;
GENERAL PATIENT INFORMATION 

As has been explained to you have suffered a break (fracture) 
of the main hip bone. This is a break that almost always 
requires an operation. There are two sorts of break around 
the hip, the sort that you have suffered can sometimes be 
slow to join and may lead to arthritis.

In Leicester we have a special interest in this break and we 
are looking into ways of improving its treatment using 
different types of operation. The type of treatment we will 
advise for your break is, we believe, the best for your 
individual case. Professor P J Gregg is in charge of this 
work and a surgeon (Mr W M Harper) has been appointed to 
perform the work at the Leicester Royal Infirmary. Mr Harper 
will see you individually and disscuss your treatment. The 

decision to enter into the trial is yours and we will explain 
to you exactly what the plan is for your managemement. It 
must be emphasised that all treatments we propose are the 
most modern and our aim is to speed up your recovery and get 
you back home as soon as possible.
To give some general information if your break requires an 
operation this will be performed as soon as possible after 
your admission ( usually two to three days ). Before your 
operation blood tests and x-rays will be performed to help in 
treatment. In some cases we may wish to perform special tests



to help in your treatment, this will be fully disscuussed 
with you.
After your operation you are usually allowed to sit out of 
bed on the day after operation and begin walking two days
after. It is usual to begin walking with a frame or sticks 
and do not be disappointed if progress appears to be slow,
this is a major break and full recovery can take some months.
To start with you are helped to walk by a physiotherapist and 
the nurses and they will help and reasure you.
Before being discharged from hospital { usually in about two 
to three weeks although sometimes longer ) we ensure that you 
are able to cope at home. The nurses will ask if there is
someone to help and if extra help is required. An 
occupational therapist will usually also see you.
Some people may require a period of recuperation before going 
home and often a doctor concerned with the care of the more 
elderly patient will be asked to see you to arrange this. 
Throughout your stay in hospital you will be treated by a 
team of nurses and doctors whose aim is to help you, please 
feel free to ask any questions you may have.
After discharge from hospital you will be followed up in the 
fracture clinic of the Leicester Royal Infirmary in a special 
clinic for patients with hip fractures.
We hope that you will cooperate with this very important 
work.
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the tool:
Richards offers this new version of the Compression H ip Screw that allows the surgeon to choose a “keyed" 

or'keyless" system a t time of surgery. The new design features the simplicity of technique of the keyless, 
with the positional security of a keyed system, when desired.

An improved insertion wrench facilitates assembly of the plate and lag screw, helping to reduce surgery 
time. Major components of the system are cannulated, which permit tlie surgeon to do the procedure over 
the guide wire until the compression step.

The plate is designed for greater strength at the plate/barrel juncture and features autocompression slots 
to accommcxlate the hex drive 4.5mm diam eter bone screw. The thread design of the lag screw provides 
additional purchase. The compression screw has a hexagonal drive which accepts the same screwdriver 
used to insert the 4.5mm bone screw. Plate, lag screw, clip and compressing screw are made of Richards 
Certified Stainless Steel (ASTM F-138).
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For keyed system, advance dte stainless steel clip pusher 
until the dip snaps in place inside the barrel.

d ip  In postlion for keyed system.
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the technique:
NOTA BENE: The (ethnique desctipUon herein is made available to the health care professional to  illustrate a  suggested treatm ent for the 
uncomplicated procedure. In the final analysis, the preferred treatment is that which addresses the needs of the specific patienL

:-4 , . • ■ ..
The 32m m  (%") guide pin is placed 

in the usual m anner and the angle 
confirmed. In cases where the proximal 

fragment may rotate, a stabilizing pin 
may be placed superiorly.

The direct measuring gauge is used to 
indicate the length of pin inside the 

femur. F o ra  nondisplaced fracture, 
the same length of lag screw will 

allow 5mm o f compression.
The combination ream er 

11-0009 is set with the Screw Lok to 
the desired length and reamed until 

the knurled ring contacts the femur. 
For hard bone, the tap ( 11-0014) may 
then be used.

The clip, plate and lag screw are assembled 
on to the wrench (11-0022) and the wrench sta 
bilizer screwed into the distal end of the lag 

screw for security.

Muu Clip and
holder as shown

Slide to 
seated position.



This assembly is in­
troduced into the 
femur. After the lag 4 
screw is part way in | 
the femoral head, the '■ 
plate may be advanced into 

I he femur. Tbe lag screw should be checked for 
. j ^ e p t h  by x-ray. The distal end of the lag screw can 

be visualized by the ring on the wrench. When this ring 
aligns with the lateral most edge of the plate barrel, 
5mm of compression may be achieved with the com, 
pressing screw. Care must be taken to align 
the longitudinal line on the wrench with 
the line etched on the plate. This position 
should be used for maximum strength, even 
without the key.

When the lag screw is positioned to 
the desired depth, the alignment is 
checked, and the surgeon has chosen to 
key the system, the metal clip (within 
the yellow plastic magazine) is advanced 
by pushing the knurled knob toward 
the plate. As the fingers of the plastic 
clip holder contact the plate, the clip 
is advanced into the barrel and snapped 
securely in place. The wrench is then 
removed.

The 4.5mm bone screws are now 
placed in the usual manner, traction 
released and compression achieved via 
the hex drive compressing screw.

% '
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5/1e -- 1/4"

FEATURES
The stainless steel (ASTM F 138) pin has a self-tapping blunt tip with triflanged cutting edges. It is cannulated for use with a standard 3/32 inch guide wire and has three reverse cutting flutes to facilitate pin removal. The pin has a 1/4- inch hexagonai head with a threaded recessed socket for controlled insertion and removal with the insertion wrench. The pin is available in lengths of 60 to 115 m m  (in 5-mm Increments). Also available are a cannulated insertion wrench (A) and a wrench stabilizer for ease of removal (B): a reamer (C) and a pin guide (D) for making parallel holes; and a direct measuring gauge (E).

-60-115 mm-

GENERAL OPERATIVE TECHNIQUES
by John P. Lyden. M.D./Vssoc. Prof. of Surgery (Orthopaedics)Cornell University Medical Center New York City. New York
Free-Hand Technique
Place the patient in the supine position, and pre­pare and drape the Mcrative hip in the usual manner for surgery. Reduce the fracture and verify full correction radiographically. Then, with a stab incision down to the bone, open the skin, fascia and muscle over the lateral lemur. Make a hole in the lateral cortex of the femur with a 3/16 inch diameter trocar-pointed Steinmann pin. This corti­cal aperture should be 40 to 50 m m  below the crest of the greater trochanter (or opposite the middle of the lesser trochanter) to allow nip pin placement at 135° (Fig. 1). (A more valgus pin angle may be used, if desired.)
Next, introduce a 3/32-inch tip threaded guide wire across the fracture into an acceptable posi­tion and depth in the femoral head (the tip should engage subchondral bone) (Fig. 2). If this is poorly positioned, withdraw and reinsert the guide wire parallel to the femoral neck and centrm in the head. If more than one pin is used, the second and/or third pin should be parallel to the first with their threads not touching. Either a linear or triangular configuration is acceptable
Use a direct measuring gauge to determine the length of the pin required (Mg. 3) or merely place a second free guide wire along the initial one to meeisure the length.

FIG. 1



Then connect the wrench to the pin of the approp­riate length by means of the threaded wrench stabilizer (Fig. 4). Insert the cannulated hip pin over the guide pin into the hip (Fig. 5). The flutes of the cannulated pin will cut through the cortical and cancellous bone until the bevelled shoulder seats on the lateral cortex. The fracture can then be compressed at the discretion of the surgeon.
After the first pin is in satisfactory position, ad­ditional pins may be inserted. The number of pins chosen depends on the stability of the fracture, the quality of bone, and the adequacy of pin place­ment. 1 prefer two pins for impacted fractures or slipped capital femoral epiphyses, and three for displaced fractures that are reduced during surgery. Subsequent pins may be inserted with or without the initial guide wire protrudingto act as an insertion guide for subsequent pins. The second
gin may go in freehand by first using a 3/16 -inch teinmann pin. then a guide wire, and then a sub­sequent cannulated pin. Alternatively, if the necessary length of subsequent pins is assured, follow the initial pin with a 3/16 inch Steinmann pin to create a femoral hole, and then insert the sut)sequent cannulated pins directly without the intermediate guide wire stage (Fig. 6/t).
A lig n m e n t  G uide T ech n iq u e
To use the parallel pin guide, place the guide over theprotruding initial guide wire. With additional 3/32-inch guide wires, mark the bone with the tip of the guioe. remove the pin guide, and with a 3/16-inch trocar pointed Steinmann pin, create a second lateral femoral hole. Reattach the pin guide 
and Insert the second guide wire (Fig SB). By this method, two or three parallel guide wires and their 
respective pins can be inserted. This pin guide teennique is difficult when done percutaneously, and is better done through a standard lateral incision down to the femoral cortex to avoid prob­lems with intervening fascia and muscle.
With good radiographic control (I use a biplane image intensifier with memory), this technique can be done percutaneously with satisfactory parallel­ism and will achieve good results.

FIG 4

FIGS

FIG. 6
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I. GENERAL DESCRIPTION
T h e  G o u ld  M o d e l P 5 0  T r a n s d u c e r  Is  a  d i r e c t  p r e s s u r e  
s e n s in g  In s t r u m e n t  t t i a t  p r o v id e s  s ta b i l i ty ,  s im p lic i ty  o t  
o p e ra t io n ,  a n d  r u g g e d  c o n s t r u c t i o n .  It t i e s  t t ie  a d d i t io n a l  
a d v a n ta g e  o t  b e in g  s m a l l  a n d  l lg h tw e lg ti t  s o  t h a t  It m a y  b e  
m o u n te d  d i re c t ly  o n  th e  p a t i e n t  n e a r  t h e  m e a s u r e m e n t  s i te .  
T h is  e l im in a te s  t h e  r e q u i r e m e n t  lo r  l e n g th y  tu b in g  a n d  
r e s u l t s  In Im p ro v e d  w a v e fo rm  f id e lity ,  c o n v e n ie n c e  o f  u s e  
a n d  e n h a n c e d  p a t i e n t  c o m f o r t .

T h e  M o d e l P 5 0  Is  e le c t r i c a l ly  I s o l a te d  b o th  e x te r n a l ly  a n d  
In te rn a lly .  T h e  e x te r n a l  c e r a m ic  c a s e  a n d  t h e  In te r n a l  In ­
s u la t io n  o f  th e  s e n s i n g  e le m e n t  a s s u r e  p a t i e n t  s a f e t y  a n d  
p r o te c t  t h e  t r a n s d u c e r  f ro m  e le c t r i c a l  d a m a g e  f ro m  
d e f ib r i l la to r s  a n d  e le c t r o c a u te r y  e q u ip m e n t .

A . P r in c ip le  o f  O p e r a tio n

T h e  h e a r t  o f  th e  M o d e l P 5 0  P r e s s u r e  T r a n s d u c e r  Is  a  s i l ic o n  
c h ip  o n to  w h ic h  th e  s t r a in  e le m e n ts  o f  a  W h e a t s to n e  
B rid g e  e le c t r i c a l  m e a s u r e m e n t  c i r c u i t  a r e  d i f f u s e d .  W h e n  
a ll  r e s i s t a n c e  l e g s  o f  th e  c i r c u i t  a r e  In b a la n c e ,  a n d  a n  e x ­
c i t a t i o n  v o l ta g e  Is  a p p l ie d  a c r o s s  t h e  c ir c u it ,  e le c t r i c a l  o u t ­
p u t  o f  t h e  c ir c u it  Is  z e ro .  T h e  s i l ic o n  c h ip  Is l in k e d  
m e c h a n ic a l ly  to  t h e  m e ta l  d i a p h r a g m  o f  t h e  t r a n s d u c e r .  
W h e n  t h e  d i a p h r a g m  Is  d e f l e c te d  b y  t h e  p o s it iv e  o r  
n e g a tiv e  p r e s s u r e  o f  t h e  f lu id  b e in g  m e a s u r e d ,  t h e  s i l ic o n  
c h ip  Is s t r e s s e d .  T h is  s t r e s s  c a u s e s  a n  u n b a la n c e  In th e  
r e s i s t a n c e s  o f  t h e  W h e a t s to n e  B r id g e  c i r c u i t  p ro p o r t io n a l  
t o  th e  p r e s s u r e  a p p lie d .  A n u n b a la n c e  o f  t h e  r e s i s t a n c e s  In 
t h e  c ir c u it  c a u s e s  a  p ro p o r t io n a l  e le c t r i c a l  o u tp u t .  T h e  c ir ­
c u it  th e n  d e liv e rs  a n  e le c t r i c a l  o u tp u t  p r o p o r t io n a l  to  th e  
p r e s s u r e  a p p lie d .

T h e  t r a n s d u c e r  Is  c o n n e c t e d  th ro u g h  th e  c a b le  to  a  
p r e s s u r e  m o n ito r  o r  r e c o r d in g  d e v ic e .  T h e  s h ie ld e d  c a b le  Is  
a t t a c h e d  to  t h e  c a s e  t h r o u g h  a  liq u id  t ig h t  s e a l  t h a t  p e rm i ts  
Im m e rs io n  o f  t h e  t r a n s d u c e r  c a s e  fo r  c le a n in g ,  c h e m ic a l  
d i s in f e c t io n  o r  s te r i l i z a t io n  ( s e e  p g . 8). T h e  t r a n s d u c e r  c a s e  
Is  v e n te d  t h r o u g h  th e  c a b l e  s o  t h a t  m e a s u r e m e n t s  a r e  
a lw a y s  r e f e r e n c e d  to  a tm o s p h e r i c  p r e s s u r e .

B . F e a tu r e s  o f  t h e  M o d e l P 5 0

A p r e s s u r e  r a n g e  o f - 5 0  to  -rSOO m m H g  m a k e s  th e  
t r a n s d u c e r  u s e fu l  fo r  a  w id e  v a r ie ty  o f . p h y s lo lo g lc a f  
p r e s s u r e  m e a s u r e m e n ts .  In a d d i t io n  to  a r te r ia l  b lo o d  
p r e s s u r e ,  t h e  e x c e l le n t  s ta b i l i ty  o f  th e  I n s t r u m e n t  In th e  
lo w e r  p r e s s u r e  r a n g e s  m a k e s  It I d e a l  fo r  c e n t r a l  v e n o u s ,  
p u lm o n a ry  a r te ry ,  p u lm o n a r y  w e d g e  a n d  le f t  a tr i a l  p r e s s u r e  
m e a s u r e m e n ts .

T h e  M o d e l PSO’s  m in ia tu r e  s iz e  m a k e s  It c o n v e n ie n t  fo r  
m o u n tin g  th e  t r a n s d u c e r  d i r e c t ly  o n  th e  p a t i e n t  n e a r  th e  
m e a s u r e m e n t  s i t e .  T h is  o f f e r s  Im p ro v e d  s y s te m  r e s p o n s e  
a n d  w a v e fo rm  f id e l ity  d u e  to  d e c r e a s e d  tu b in g  r e ­
q u i r e m e n t s .  T h e  m in ia tu r e  s iz e  Is  a l s o  Id e a l  fo r  In tr a c r a n ia l  
p r e s s u r e  m o n ito r in g .

T h e  M o d e l P 5 0  h a s  b e e n  d e s ig n e d  e x p r e s s ly  t o  w i th s t a n d  
th e  h ig h  v o l ta g e s  g e n e r a t e d  d u r in g  e le c t r o c a u te r y  a n d  
d e f ib r i l la t io n  ( w i th s t a n d s  10,tXX) v o l ts  DC). It a l s o  
w i t h s t a n d s  o v e r p r e s s u r e s  u p  to  10 ,0 0 0  m m H g .

T h e  In te rn a lly  I s o la te d  s e n s o r  a n d  n o n c o n d u c t lv e  c a s e  p r o ­
te c t  t h e  p a t i e n t  a g a in s t  I n a d v e r te n t  e le c t r i c a l  s h o c k  u n d e r  
a ll  o p e r a t in g  c o n d i t io n s .

Principles of Isolation, Model P50 T ransducer
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II. DOMES
T h e  d o m e  Is a  c h a m b e r  fo r  th e  liq u id  t h a t  t r a n s m i t s  
p r e s s u r e  t o  t h e  s e n s i n g  d i a p h r a g m  o f t h e  t r a n s d u c e r .  It Is 
m a d e  o f t r a n s p a r e n t  p l a s t i c  t o  f a c i l i t a t e  th e  d e te c t io n  a n d  
re m o v a l  o f  b u b b le s  s in c e  e v e n  m in u te  b u b b le s  c a n  d e g r a d e  
t h e  f r e q u e n c y  r e s p o n s e  o f  t h e  p r e s s u r e  m o n ito r in g  s y s te m .

A. D isp o sa b le  D Ia p tv a g m  D o m e s  fo r  M o d el P 5 0  T r a n s d u c e r s

S te r i le ,  p y ro g e n  f r e e  d i s p o s a b l e  d i a p h r a g m  d o m e s  a r e  fu r ­
n i s h e d  In In d iv id u a l p a c k a g e s .  T h e  d i a p h r a g m  o f t h e  d o m e  
p ro v id e s  a  s te r i l e  b a r r ie r  t ie tw e e n  t h e  t r a n s d u c e r  s e n s in g  
d ia p h r a g m  a n d  t h e  liq u id  f il le d  c h a m l je r  o f  t h e  d o m e , ft a l s o  
p ro v id e s  a n  e x t r a  d e g r e e  o f  e le c t r i c a l  I s o la t io n .  C e r t i f ie d



t e s t s  t ta v e  d e m o n s t r a t e d  t t i a t  t t ie  5  m il th ic k  s i l ic o n e  r u b b e r  
d ia p h r a g m  o t  t h i s  d o m e  a c t s  a s  a  c o m p le te  b a r r ie r  t o  th e  
t r a n s i t  o t  g r a m  p o s i t iv e  a n d  g r a m  n e g a t iv e  b a c te r ia ,  s p o r e s ,  
fu n g i a n d  v i ru s e s  f ro m  a  c o n ta m in a t e d  t r a n s d u c e r  
d ia p h r a g m  fo r u p  to  14 d a y s .

•  T h e  d i a p h r a g m  o f e a c h  d o m e  Is 1 0 0 %  le a k  t e s t e d  a t  8  p s i  
(414 m m H g ).

•  T h e  d o m e s  a r e  p a c k a g e d  In e a s y - to - u s e  t e a r  o p e n  
c o n ta i n e r s  a n d  a r e  s te r i l i z e d  b y  e th y l e n e  o x id e .

•  D is p o s a b le  d i a p h r a g m  d o m e s  s a v e  w e a r  a n d  t e a r  o n  th e  
t r a n s d u c e r  a n d  r e d u c e  t h e  n e e d  lo r  d i s in f e c t io n  o r  s te r i l i ­
z a t io n  In c o n ju n c t io n  w ith  p r o p e r  s te r i l e  t e c h n iq u e .  T h e y  
a l s o  m in im iz e  t r a n s d u c e r  d a m a g e  c a u s e d  b y  o v e rz e a lo u s  
c le a n in g  a n d  m is h a n d lin g .

•  A v a ila b le  w i th  R o ta t in g  L u e r  L ok f i t t in g s .

S in c e  t h e  p o r ts  o f  t h e  t h r e e  w a y  s to p c o c k s  o f th e  m o n ito r ­
in g  s y s te m  m a y  b e c o m e  c o n ta m in a t e d  d u r in g  p r o lo n g e d  
u s e .  It Is  r e c o m m e n d e d  t h a t  t h e  s te r i l e  d i s p o s a b l e  
d i a p h r a g m  d o m e  a n d  o t h e r  c o m p o n e n t s  o f  th e  s y s t e m  b e  
r e p l a c e d  r o u tin e ly  In a c c o r d a n c e  w i th  h o s p i t a l  p o lic y . 
T h e s e  d o m e s  s h o u ld  N E V ER  t ie  r e u s e d ,  s in c e  c le a n in g  a n d  
s te r i l i z a t io n  m a y  d a m a g e  th e  d i a p h r a g m .

If a  s te r i l e  d i a p h r a g m  d o m e  Is  u s e d  w ith  a s e p t i c  t e c h n iq u e ,  
th e  t r a n s d u c e r  m a y  t ie  r e u s e d  w i th o u t  s te r i l i z a t io n .  
A c c u m u la t io n  o f  m ic r o o r g a n i s m s  o n  th e  t r a n s d u c e r  
d i a p h r a g m  a n c  s u r f a c e ,  h o w e v e r .  I n c r e a s e s  t h e  r is k  o f  c o n ­
ta m in a t io n  o f  a ll  d i s p o s a b l e  c o m p o n e n t s  o f  th e  d i s p o s a b l e

m o n ito r in g  s y s te m  th ro u g h  a c c i d e n ta l  n o n s te r l l e  t e c h ­
n iq u e .  H ig h  lev e l d i s in f e c t io n  o f  t h e  t r a n s d u c e r  Is  t h e r e f o r e  
a d v is e d .  E th y le n e  o x id e  g a s  o r  g lu te r a ld e h y d e  s te r i l i z a t io n  
o f  t h e  t r a n s d u c e r  Is  r e q u i r e d  w h e n  It Is  n e c e s s a r y  to  h a v e  a  
s te r i l e  t r a n s d u c e r  In c e r t a in  a p p l i c a t i o n s .  ( S e e  C le a n in g  
a n d  S te riliz a tio n  o n  p a g e  8. S e e , a ls o ,  r e f e r e n c e s  o n  p a g e  9.)

B. CrUIFlo™ F lo w fF fu sh  D o m e s  fo r  M o d e l P 5 0  T r a n s d u c e r s

T h e  CrltlFlo d o m e  Is  a  u n iq u e ly  d e s ig n e d  d i s p o s a b l e  
d i a p h r a g m  d o m e  w h ic h  I n c o r p o r a te s  a  c o n t i n u o u s  f lo w  a n d  
m a n u a l  f lu s h  c a p a b i l i t y  In a  s in g le  d e v ic e .  It m in im iz e s  
b u lk . Is  l e s s  a w k w a rd  to  u s e ,  r e d u c e s  th e  n u m tie r  o f  c o n ­
n e c t i o n s  In t h e  s y s te m ,  a n d  p r o v id e s  fo r  s im p le  tw o  f in g e r  
o  .e r a t lo n .  T h e  f lu s h  m e c h a n i s m  o f  t h e  CrlllFlo d o m e  a l s o  
h a s  a n  o v e r p r e s s u r e  re l ie f  c a p a b i l i ty .  W h e n  p r e s s u r e s  
w i th in  th e  s y s te m  e x c e e d  a p p ro x im a te ly  1500 m m H g , a n  
o v e r p r e s s u r e  re l ie f  v a lv e  r e l e a s e s  t h e  p r e s s u r e  b a c k  to w a rd  
th e  I n fu s io n  s y s te m .  T h is  v ir tu a lly  e l im in a te s  t r a n s d u c e r  
d a m a g e  c a u s e d  b y  o v e rp r e s s u r lz a t lo n .

0 .  S t a n d a r d  R e u s a b le  D o m e s  fo r  M o d e l PSO T r a n s d u c e r s

T h e  s t a n d a r d  r e u s a b l e  d o m e s  a r e  m a d e  o f  n o n c o n d u c t lv e ,  
n o n p y r o g e n ic  p o ly c a r b o n a te .  T h e ir  c le a r  d e s ig n  s im p li f ie s  
d e te c t io n  a n d  e l im in a tio n  o f  a ir  b u b b le s .  T h e s e  d o m e s  a r e  
a v a i la b le  w ith  a  L u e r  Lok f i t t in g  a n d  a r e  r e u s a b l e  a f t e r  p ro ­
p e r  c le a n in g  a n d  s te r i l i z a t io n .

P50 T ransducer Dome Selection  Chart

TA 1017S M  
CrlllFlo" D is p o s a b le  D o m e

TA 1017M  
CrlllFlo" D is p o s a b le  D o m e

TA 1017 
CrlllFlo" D is p o s a b le  D o m e

T A 1019
D is p o s a b le  D ia p h ra g m  D o m e

/

T A 1002 
R e u s a b le  D o m e



III. SET UP
P h y s io lo g ic a l  p r e s s u r e  Is  t r a n s m i t te d  f ro m  t h e  p a t i e n t  to  
t h e  t r a n s d u c e r  b y  w a y  of a  s te r i l e  s o lu t io n .  C o m m o n ly  u s e d  
s o lu t io n s  a r e  0 .9 %  n o rm a l  s a l in e ,  o r  l a c t a t e d  R in g e rs .  
T h e s e  s o lu t io n s  a r e  g e n e ra l ly  h e p a r ln lz e d .  In a d d i t io n  to  
t r a n s m i t t i n g  p r e s s u r e ,  t h e  s o lu t io n  p r e v e n t s  c lo t t in g  o f  th e  
lin e .

G o u ld  m a n u f a c tu r e s  se v e ra l  s te r ile , p r e a s s e m b le d  m o n ito rin g  
kit c o n f ig u ra t io n s  w h ic h  p ro v id e  th e  d i s p o s a b le  "p lu m b in g "  
re q u ire d  b e tw e e n  th e  t r a n s d u c e r  a n d  p a tie n t.

T h e re  a r e  a  v a r ie ty  o f  w a y s  t o  s e t  u p  th e  d i s p o s a b l e  p lu m b ­
in g  b e tw e e n  th e  p a t i e n t  a n d  t h e  t r a n s d u c e r .  T h e re fo re ,  n o  
a t t e m p t  will b e  m a d e  h e r e  to  g iv e  s p e c i f ic  I n s t r u c t io n s .  
R e fe r  to  th e  I n s t r u c t io n s  t h a t  a c c o m p a n y  t h e  p r e s s u r e  
m o n ito r in g  k it o r  c o m p o n e n t s  y o u  a r e  u s in g .  A ty p ic a l  s e t ­
u p  Is  s h o w n  h e re  o n ly  a s  a n  e x a m p le .

G e n e ra l  I n s t r u c t io n s  fo r  A t t a c h in g  CtlUFlo' D o m e s

1. R e m o v e  p r o te c t iv e  d o m e  f ro m  t r a n s d u c e r .  B e  s u r e  
t r a n s d u c e r  Is  c le a n .  (S e e  p a g e  8.)

PRESSURE
INFUSOH

. on ip  
CHAMBER

I 3-WAY
I STOPCOCK

 CrtWFto TA1017
'  I  D O U FROLLER—

CLAMP

P50 PRESSURE 
TRANSOUCER

2. C o n n e c t  t h e  e le c t r i c a l  c o n n e c t o r  o n  t h e  c a b le  o f  th e  
t r a n s d u c e r  to  th e  m o n ito r .  T h e  M o d e l P 5 0  r e q u i r e s  2  
m in u te s  to  " w a rm  u p " ,

3 . P r e p a r e  a  s te r i l e  f lu s h  s o lu t io n  o f  0 .9 %  n o rm a l  s a l i n e  o r  
e q u iv a le n t  e le c t r o ly te s  In a  n o n  v e n te d  p l a s t ic  c o n ta i n e r  by  
a d d in g  a  h e p a r in  m ix tu re  p r e s c r ib e d  b y  a  p h y s ic ia n  (u s u a l ly  
1 t o  2  u n i t s  o f  a q u e o u s  h e p a r in  p e r  c c  o f  s o lu t io n ) .

4 . In s e r t  a  m Ic ro d rIp  (m ln ld r ip )  I.V. a d m in i s t r a t io n  s e t  In to  
t h e  f lu s h  s o lu t io n  c o n ta in e r .

5 . W ith  t h e  ro lle r  c la m p  c lo s e d ,  s q u e e z e  t h e  s o lu t io n  b a g  
s l ig h tly  to  f o rc e  s o lu t io n  In to  t h e  d r ip  c h a m b e r  (flu id  lev e l 
s h o u ld  b e  %  lu ll  b e c a u s e  t h e  lev e l w ill I n c r e a s e  w h e n  t h e  
s o lu t io n  b a g  Is  p r e s s u r iz e d ) .

6 . S lo w ly  fill t h e  tu b in g  In t h e  In fu s io n  l in e  b y  o p e n in g  th e  
ro lle r  c la m p .

7. I n s e r t  t h e  s o lu t io n  b a g  In to  t h e  p r e s s u r e  In fu s o r .

8 . H a n g  t h e  p r e s s u r e  I n fu s o r  a n d  b a g  o n  a n  I.V. p o le .

9 . S e l e c t  a n d  a s s e m b l e  t h e  d i s p o s a b l e  s to p c o c k s ,  
p r e s s u r e  tu b in g  a n d  CrlllFlo" d o m e  a s  r e q u i r e d  b y  y o u r  
s p e c i f ic  s e t  u p .

10. A t ta c h  t h e  f il le d  In fu s io n  lin e  to  t h e  f e m a le  L u e r  f it t in g  
o n  t h e  4 In c h  tu b in g  o f  Ih e  CrltlFlo d o m e .

11. O p e n  t h e  s y s t e m  to  a i r  th ro u g h  I h e  s id e  p o r t  o f  th e  
s to p c o c k  o r  a t  t h e  e n d  o f  t h e  p r e s s u r e  lin e .

12. H o ld in g  th e  d o m e  a s  s h o w n  b e lo w  (F ig u re  1), o p e n  th e  
ro lle r  c la m p  o n  t h e  I n fu s io n  l in e  a n d  g e n tly  a c t i v a te  th e  
f lu s h  lev e r  t o  a llo w  th e  b a c k  c h a m b e r  t o  fill (CrltlFlo m u s t

b e  lo w e r  th a n  b a g  o f  In fu s io n  s o lu t io n  fo r  th e  d o m e  a n d  s e t  
u p  to  fill u n d e r  g rav ity ).

Figure 1

N O TE: If In fu s io n  s o lu t io n  Is  u n d e r  p r e s s u r e ,  f lu s h  lev e r  
s h o u ld  n o t  b e  a c t i v a te d  u n til  s o lu t io n  h a s  f ille d  tu b in g  a n d  
t ra c k  c h a m tre r .

13. O n c e  th e  b a c k  c h a m b e r  h a s  f illed , a c t i v a te  t h e  f lu s h  
lev e r  a n d  m a n ip u la te  t h e  u n i t  t o  fill t h e  r e m a in d e r  o f  th e  
s y s te m .  M a n ip u la te  a n d /o r  g e n tly  t a p  t h e  s e tu p  a s  r e q u ir e d  
to  a id  In th e  e l im in a tio n  o f  a i r  b u b b le s .

N O TE: T a p p in g  s h o u ld  b e  d o n e  o n ly  w ith  th e  p r e s e n c e  o f 
b u b b le s  a n d  n o t  a s  a  r o u t in e  p r o c e d u r e .

14. P r e s s u r iz e  s o lu t io n  s o u r c e  t o  3 0 0  m m H g . A t t h i s  
p r e s s u r e  a n d  u s in g  a  m Ic ro d rIp  a d m in i s t r a t io n  s e t ,  th e  
CrltlFlo d o m e  will p ro v id e  a  c o n tin u o u s  In fu s io n  o f  a p p ro x i­
m a te ly  2  to  4  c s /h o u r  (2 t o  4  d ro p s/m ln .).
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W U L U  I rdllbuuuei riediiipiiiiei
SPECIFICATIONS P ream p lifie r Only

Rang* (Using a four
actlve-arm bridge).............................................

Maximum SensHlvlty...........................................

Attenuator Steps..................................................
Attenuator Ineccuraey.........................................
CalfbreteVemter ................................................

Input CIrcuH.........................................................
Input hnpedance..................................................
Common Mode Reieetlon 

Inputs to Common wHh350^hmunbalar»ce .
60 Ha at 3S0^hm unbalance............................

Maximum Allowable Input Voltage...................

Zero Line Instability (After 15-mln. warm-up; 
al SSOmV full scale sensitivity)......................

Gain Instability (After 15-mln. warm-up; 
at 250 pV full scale sensitivity)......................

Amplifier Output
Recorder Output Voltage................................
Output Impedance...........................................
Non-Uneartly....................................................
Nolee (dc to 100 Hz at 250mV full 

scale sensitivity)...........................................

Display Output ....................................................

Tape Output.........................................................
Frequency Response 

Direct M ode......................................................

Mean (Average) M odel...................................
Filter Rolloff......................................................
OptlonsI Filter..................................................

Calibrated Zero Suppression
Ranges .............................................................
Resolution ........................................................
Non-Linearity....................................................
Inaccuracy (at 2S*C and nominal line).........
Stability (After 15-min warm-up)

Witfi Time................................................
Witfi Temperature.........................................
Witft Line........................................................

N o ise.................................................................
Bridge Excitation 

Voltage.............................................................

N o ise.................................................................
Stability (After 15-min. warm-up)

With Time......................................................
WItft Temperature.........................................
With Line........................................................

Operating Temperature .....................................
Storage Temperature.........................................
Humidity...............................................................
Vibration and Shock...........................................
Power Input

DC Voltage........................................................
Line and Load Regulation..........................
Ripple.............................................................

Weight (Amplifier only).......................................
Dimensions (Amplifier only) ..............................

Signal Input Conrteetor.....................................

100 microvolts full scale  to 5 volts full scale 
For transducers of 50 microvolts per 
volt per cm Hg to 250 microvolts per 
volt per cm Hg (100 • 3000 ohms)
10.25.50.100,250 and 500 units full scale and Off 
±  0.5% of calibrated step
Provides calibrated sensitivity adjustment from SO 
microvolts per volt to 250 microvolts per volt. 
Differential 
50 kilohms

Greater than 60 dB on  m ost sensitive range 
Greater then 100 dB on  m ost sensitive range 
SO volts dc or peak ac  across input terminals 
500 volts dc  or peak ac  from common to chassis

± 0 .5 %  of full scale for 24 f>ours
±  1.0% of full scale per «C
± 0 .2%  of lull scale  for 10% line change

±0.05%  of reading for 24 hours 
± 0 .1 % o f reading per *C 
±  0.1 % of reading for 10% line change

±  5.0 volts Into 2 kilohms or greater 
Less than 5 ohms 
± 0 .1 %  of full scale

Less than 2% referred to input with 
a  350-ohm source
10 volts Into 2 kilohms or greater In xIO position 
1 volt into 2 kilohms or greater In x1 position 
± 5 .0  volts into 2 kilohms or greater

dc to 100 Hz ±0.5%
Less than 3 dB down at 1 kHz 
3 dB down al 0.05 Hz ±  10%
12 dB/octave or 40 dB/decade
1-pole: 3 dB down at 24 Hz ±  10%
2-pole: 6 dB down at 24 Hz ±  10%

±  too  units. ±  1000 units and Off 
±  0.1 % of full suppression range 
± 0 .3 %  of full suppression range 
± 0 .5 %  of full suppression range

± 0 .2 %  per week 
±0.05%  per X  
±  0.02% for 10% line change 
±  0.05% of suppression  range

5 volts dc  ± 4 %  balance to common;
polarity internally switched
0.1% peak-to-peak from dc to 1 kHz

±  0.05% per 24 hours 
±  0.05% per X
±  0.02% for ±  10% line change 
OX to +60X  (+32*F to +122*F)
—4 0 X  to +70X (—4 0 T  to -1-158T)
95% at +30X  (+86T) non-condensing 
Best commercial practice

±  15 Vdc ± 4 %  al too  milliamperes 
±0 .5 %
5 millivolts rms maximum
3.6 pounds (1.5 kg)
6.1 I H X 2.2 in. W x 13 in. D 
(IS 4 m H X 5.5 cm W x 33 cm D)
Depth dimension includes attenuator 
knob and chassis mounted connector 
Multi-pin mating connector supplied 
with each  Amplifier (Model 11 -5407-50)

P raam pllliar In a GouM 2000 
Sarlaa Racordar

100 microvolts full scale  to 5 volts full scale 
For transducers of 50 microvolts per 
volt per cm Hg to 250 microvolts per 
volts per cm  Hg (100 - 3000 ohms)
10,25, SO. 100,250 and 500 units full scale  and Off 
±  0.5%of calibrated s tep
Provides calibrated sensitivity adjustment from 50 
microvolts per volt to 250 microvolts per volt. 
Differential 
50 kilohms

Greater than 60 dB on most sensitive range 
Greater than lOOdBon m ost sensitive range 
50 volts dc or peN( ac  across input term inals 
500 volts dc or peak ac  from common to chassis

± 0 .6%  of full scale for 24 hours
±  1 2% of full scale per X
± 0 .3 %  of full scale for 10% line change

± 0.15%  of reading for 24 hours
± 0 .8 %  of reading per X
± 0 .6 %  of reading for 10% line change

± 0.45%  of full scale

Less than  2% of full scale peak-to-peak

See Recorder specifications

3 dB down at 0.05 Hz ±  10%
12 dB/octave or 40 dB /decade 
1 -pole 3 dB down at 24 Hz ±  10%
2-pole: 6 dB down at 24 Hz ±  10%

±  100 units. ±  1000 units and Off 
± 0 .1%  of full suppression range 
± 0 .3%  of full suppression range 
± 0 .5%  of full suppression range

±  0.2% per week 
±0.05%  per X  
± 0.02%  for 10% line change 
±  0.05%of suppression range

5 volts dc  ±  4% balance to common; 
polarity Internally switched 
0.1% peak-to-peak from dc to 1 kHz

±  0.05% per 24 hours 
±0 .05%  per X
± 0.02%  for ±  10% line change 
OX to 450X  (4G2T to +122T)
—40X  to +70X  (—40*F to  +158*F) 
95% at +30X  (+ 86?) non-condensing 
Best commercial practice

See Recorder specifications

3.6 pounds (1.5 kg)
6.1 In. H X 2Z  in. W X 13 in. D 
(15.3 cm H X 5.5 cm W x 33 cm O) 
Depth dintension Includes attenuator 
knob and chassis  mounted connector 
Multi-pin m ating connector supplied 
with each  Amplifier (Model 11 -5407-50)

Gould Inc., Instruments Division
3631 Perkins Avenue. Ctoveland, Ohio 44114
Telephone (216) 361-3315 TWX 810-421-8560

BuUeim 459-1A  Aptii 1962. Printed m U S A
Prin ted  in U.S.A.

■> GOULD
Stectronics é  Clecfnce/ Products



Appendix 7 Technical details of the intraosseous pressure probe.

236



oocRec
PRESSURE TRANSDUCER 

TEST REPORT

Serial No. Type /bC7 /c i -  A s

Bridge Resistance:

Test Excitation Voltage: 

Test Temperature

Kn

.S ' V

Limits: ”C to

Full Scale Pressure 
Range  Gd. to

Sensitivity:

Max. Linearity Error:

Max. Hysteresis Error;

Temperature Coefficient 
of Zero:

Temperature Coefficient 
of Sensitivity:

Insulation Leakage Current 
at 240V rms:

ll£lLk_'XrF§  
O. 2 - % FS

O . c J  % FS/C* 

- C u O U -  %/C  

n  .y  u A  rms

Connector Type: LEMO 2306 

Positive Supply:

Negative Supply:

Positive Output:

Passive Output:

Calibrate:

Screen:

Pin No. 

Pin No. 

Pin No. 

Pin No. 

Pin No. 

Pin No.

Date

PIN CONNECTIONS 
VIEWED FROM 
TRANSDUCER
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