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GENERAL INTRODUCTION 

FEMORAL NECK FRACTURES IN THE ELDERLY 

HISTORY 

The story of internal fixation of femoral neck fractures started 

in 1878 with the report of von Langenbeck. He was the first to 

perform an open reduction and internal fixation for a fractured 

hip. Nicolaysen in 1897 reported 13 cases in which a steel spike 

was used, protruding through the skin and supplemented by a body 

cast. The real break-through in the surgical treatment of cervical 

hip fractures came with Smith-Petersens work in 1931. He 

introduced the triflanged nail specially designed for the 

fractured femoral neck. Moore (1937) was the first to introduce 

multiple pinning in the treatment of these fractures. 

Before the era of internal fixation the only available treatment 

for femoral neck fractures was skeletal traction and bed rest. The 

method was bound with considerable mortality and morbidity . 

Although reduction and internal fixation of the fracture grossly 

reduced the morbidity and mortality, many surgeons in the 

beginning of the 1960's had come to believe that the prognosis of 

a displaced femoral neck fracture was so poor that treatment by 

reduction and internal fixation could be abandoned in favor of 

primary prosthetic replacement (Rokkanen & Slåtis 1974, Søreide et 

al. 1975, Goodman & Schatzker 1986, Delamarter & Moreland 1987, 

Schwartz et al. 1987). The term "Unsolved Fracture" was coined by 
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Nicoll (1963) and has been a valid description of the femoral neck 

fracture to present date. Primary prosthetic replacement has not 

proven to be the solution to the problem, due to high mortality 

and morbidity rates (Anderson et al. 1964, Hinchey & Day 1964, 

Greer & Niemann 1971, Arnold et al. 1974, Johnson & Crothers 

1975) . The state of the art still is early reduction of the 

fracture under fluoroscopic imaging on a traction table and 

internal fixation. 

HIP FRACTURES AS A SOCIOECONOMIC PROBLEM 

Hip fractures represent two different entities; the femoral neck 

and the trochanteric femoral fracture. There is an exponential 

increase with age in the incidence of hip fractures for both 

sexes. In women, the ratio of femoral neck to trochanteric 

fractures decreases with age, approximating a 1:1 ratio at the age 

of 80 years (Falch et al. 1985, Rehnberg 1988). In our 

industrialized western societies elderly people represent an 

increasing part of the total population. The population pyramid is 

changing into a cylinder - we are getting proportionally older 

citizens. In addition the age-specific fracture risk is increasing 

(Falch et al.1985, Rehnberg 1988). Especially in our urban 

societies fractures of the femoral neck have already become a 

major problem (Zetterberg et al.1982, Johnell et al.1984, Falch et 

al.1985, Boyce & Vessey 1985, Reikerås et al.1986. Finsen & Benum 

1987, Mannius et al. 1987, Schroder et al. 1988). The peak 

incidence of femoral neck fractures will occur in 1990-2000. At 
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the present time femoral neck fractures in Oslo amount to 6-700 

per year (Falch et al. 1985). Between 20 - 30 percent of the 

orthopedic beds in acute hospitals are occupied by hip fracture 

patients (Ullevaal Hospital 1987, unpublished data). With 

complication rates of 10-30 percent, fractures of the femoral neck 

represent a large consumption of hospital resources (Jensen et al. 

1980, Owen et al. 1980, Søreide et al. 1980, Holmberg 1985, 

Nilsson et al. 1988). It is now well documented that urban 

populations have a higher incidence of hip fractures than rural 

areas (Falcu _ Ilebekk 1978, Falch et al. 1985, Reikerås et al. 

1986, Finsen & Benum 1987, Sernbo et al. 1988). This should 

inspire intensive research towards predisposing factors, 

prevention, and the best treatment/rehabilitation for hip 

fractures. 

CLASSIFICATION OF FEMORAL NECK FRACTURES 

Two classification models have been used in the last decades. The 

assessment according to Pauwels (1935) is based on the angle of 

inclination of the fracture line across the neck, type 1 being the 

most horizontal and type 3 the most vertical one. The Garden 

classification (Garden 1961) later became widely accepted (Barnes 

et al. 1976, Madsen et al. 1987), but has the principal deficit 

that it is based solely on frontal radiographic view. According to 

several reports, the incidence of femoral head necrosis and the 

clinical outcome do not differ in Garden stages III and IV 

(Stromquist et al. 1983). Eliasson and coworkers (1988) found that 
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the anatomic displacement is practically the same in Garden stages 
I and II on one hand, and in stages III and IV on the other. 
Frandsen and associates (1986} reported that differentiating 
between these two subgroups is impractical because of 
interobserver variance. There is agreement that the prognosis for 
undisplaced fractures of Garden I and II is good, while it is poor 
for displaced fractures of Garden III and IV (Elmerson et al. 
1988, Rehnberg 1988) . On this background it seeras reasonable to 
distinguish between undisplaced and displaced femoral neck 
fractures in clinical work. 

CURRENT CLINICAL STATUS 

It is generally agreed that optimal reduction is the most 
important single factor in the treatment of femoral neck fractures 
(Nicoll 1963, Hagh et al. 1982). 
Till now no consensus has been achieved as to the best way to fix 
a femoral neck fracture. Some authors are in favor of multiple 
pinning (Deyerle 1980, Christie et al. 1988), others advocate the 
use of 2 or 3 screws (von Bahr et al. 1974, van Audekercke et al. 
1979) while sliding hip compression screws with side plate are 
recommended by several authors (Charnley et al. 1957, Hargaaon et 
al. 1963, Fielding et al. 1974, Fielding 1975, Frandsen S Andersen 
1981, Nordkild & Sonne-Holm 1984, Svenningsen et al. 1984). 
It is well documented that the early and late complication rates 
of femoral neck fractures amount to 15-30 percent (Barnes et al. 
1976, Le wi"nek et al. 1980, Nilsson et al. 1988). Some authors 
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still advocate the use ef primary heml- or total prosthesis for 

subcapital femoral fractures (Goodman & Schatzker 1986, Schwartz 

et al. 1987, Delamarter & Horeland 1987). In a prospective study 

Sikorski and Barrington (1981) found no significant difference in 

the mortality of patients treated with internal fixation or 

hemiarthroplasty. Nevertheless, comparative studies in general 

conclude that mortality and morbidity attached to primary 

hemiarthroplasty are greater than that of simple screwing or 

pinning (Frandsen S Andersen 1981, Johnston et al. 1982, Frandsen 

et al. 1984, Svenningsen et al. 1984, Albarts 1985, Holmberg et 

al. 1987, Elmerson et al. 1988, Sembo 1988). Considering the 

total costs, prosthetic replacement was 1.6 times more expensive 

than internal fixation (Søreide et al. 1980). 

The different solutions to this problem have technical, clinical, 

and economic implications (Elmersor 1987, Holmberg & Thomgren 

1988). 

PREVIOUS EXPERIMENTAL STUDIES 

Although internal fixation of femoral neck fractures has been 

carried out for about 100 years, relatively few experimental works 

focusing on the adequacy of the devices used to fix the fractures, 

have been reported. Senn (1881) investigated the healing of 

experimental fractures in animals treated with or without internal 

fixation: the latter showed less tendency towards healing. 

Kotrnetz (1933) studied the vertical bending strength of Smith-

Petersen nails in experimental osteotomies on femoral specimens. 
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The osteosynthesis disrupted completely under 50-100 kg vertical 

load. Hartz (1956) tested different fixation devices on femoral 

neck specimens sustained to axial bending force. Hoore ani Jewett 

appliances failed with loads of 49 kg, Neufeld, Thornton, and Pugh 

appliances failed in the range between 80-94 kg, while a Blount 

blade plate failed when loaded to 172 kg, and a Smith-Petersen 

construct disrupted at 159 kg of loading. 

Harvey et al. (1959) reported a series of experiments comparing 

stress-strain curves from intact femora with respective curves 

from fixed femoral neck osteotomies. They concluded that the 

appliance should rest on the medial cortex of the neck, and that 

this support was more important than the fixation device itself. 

Van Audekercke and coworkers (1979) tested femoral neck 

osteotomies on cadaver specimens fixed with 3, 5, or 7 Knowles 

pins, or with a sliding nail plate. In axial bending there was no 

significant difference between the multiple pinning devices, and 

the sliding nail plate was not superior to the multiple pins. 

Baril et al. (1975) studied the rotational stability of femoral 

neck specimens with the multiple pin and side-plated Deyerle 

device or the Jewett triflanged nail. No significant difference 

was found. Engesæter et al. (1984) found no significant difference 

between 5 oro von Bahr screws and a compression hip screw when 

tested in vertical bending on femoral neck specimens. Frandsen and 

Madsen (1983) reported in an experimental series that 

interfragmentary compression on femoral neck fractures by a 

sliding screw-plate system might be hazardous in fragile bone. 

Mackechnie-Jarvis (1983) found no significant difference between 

Moore's pins, Trifin nail, !3~rden screws, and a sliding screw 
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plate on cadaveric femoral neck specimens tested in vertical 
bending. He suggested an extended barrel-plate up to the fracture 
line and found some experimental support that this improved the 
fixation strength. Swiontkowski et al. (1987) studied the 
pin/screw/plate fixation of the femoral neck under physiological 
loading conditions. They found no justification for the use of 
more than three pin/screw implants, and that bone density related 
recordings (QCT) correlate to fracture stability, and clinical 
studies confirm this (Chapmann et al. 1975, Baker & Barrick 1978). 

In most of these studies different devices in paired femora were 
used, mimicking the clinical fixation, without any further 
correcting factors (controls). Some studies have used preloading 
of the intact femoral neck prior to experimental osteotomy and 
fixation, each specimen being its own correction factor. 
Hirsch and Frankel (1960) found that an isolated vertical load 
applied to the head of the femur parallel to its shaft produced a 
vertical fracture from the upper subcapital border to the lesser 
trochanter. If the vertical load was combined with a horizontal 
force from the femoral head to the greater trochanter, mimicking 
the muscle pull around the hip, transverse fractures of the 
femoral neck of clinical appearance were produced. Vose and Mack 
(1963) found that the ultimate strenght of the femoral neck when 
sustained to vertical loading, varied in accordance with the 
central cancellous porosity (Ward's triangle) assessed by 
roentgenographic density recordings. 
In summary from the experimental data on femoral neck 
osteosynthesis, the following conclusions may be drawn: reduction 
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and medial calcar support by at least one screw is more important 
than the metal device itself. Increasing the number of pins 
(screws) beyond 3 is not advisable. Hip compression screws with 
side-plating yield similar bone-implant stability as simple 
screws. 

MEASUREMENTS OF BONE DENSITY AND MASS 

In the following two terms will be used: precision relates to the 
scatter of measurements caused by, for instance, the random shake 
in an individuals hand. The precision of a measurement relates to 
the amount of random variation about a fixed point, be it the true 
value or not. Accuracy refers to whether or not the recoraings are 
hitting the "true" value on average. If a measurement lacks 
precision, repeated measurements of the same characteristic, 
finally using an average of all these readings, will reduce the 
problem. Repeated measurements will not, of course, correct for 
inaccuracy. 

Radiogrammetry and radiographic photodensitometry 

The first serious attempt to study postmenopausal osteoporosis was 
made by Albright and coworkers (1941). In the beginning this 
research was carried out largely with standard radiographs which 
were studied in two ways: a) by measuring cortical thickness, 
referred to as radiogrammetry (Smith & Frame 1965) and b) by 
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measuring bone density comparing the attenuation on radiograms of 
the bone with that of a standardized aluminum wedge (Smith et 
al.1969) or a radiopaque K2HPO4 solution (Meema & Meetaa 1969). 
This method was referred to as photodensitometry. Radiogrammetry 
lacks both precision and accuracy and is unsuitable for clinical 
orthopedic management (Van Gerven et al. 1969, Mazess et al, 
1970). Photodensitometry never achieved the accuracy and precision 
expected. The method has several sources of errors, e.g. scattered 
radiation and inaccuracies due to varying soft tissue thickness 
(Baker et al. 1959). 

Roentgenogram evaluation 

Singh et al. (1970) introduced a method for assessing the 
trabecular pattern of plain roentgenograms. With increasing bone 
loss, six different patterns of trabeculae were recognised in the 
upper femur and it was suggested that a grading of osteoporosis 
could be based on this classification. However, the method is not 
suitable, mainly because of gross inter-observer differences and 
the fact that cortical bone is excluded from assessment 
(Kranendonk et al. 1972, Khairi et al. 1976). 

Photon absorptiometry 

An important breakthrough in the assessment of bone occurred in 
1963, when Cameron and Sorensen introduced the photon 
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absorptiometry method. In this method a low energy radioisotope 
source, 1 2 5 I , replaced the X-ray tube and a narrow monoenergetic 
photon beam substituted the X-ray beam. The precision of 
measurements with this method is estimated to 3 - 5 percent 
(Dequeker et al. 1973). To enhance the accuracy of the method, 
dual photon absorptiometry has been introduced. Using two 
different energies increases the accuracy (Bohr & Schaadt 1983), 
but is less precise than single-photon absorptiometry (Hanson 
1979). Both single and dual photon absorptiometry have proven less 
useful in clinical orthopedic practice due to high costs and a 
time-consuming calibration. 

X-ray spectrophotometry 

The equipment comprises an X-ray tube with high-voltage generator 
and a filtering unit to produce two narrow energy bands, a system 
of two servocontrolled measuring wedges with attenuation 
properties corresponding to bone mineral and soft tissues, a 
scintillator photomultiplier detector and a feedback loop coupled 
to the servocontrolled wedges (Gustafsson et al. 1974). Dalen et 
al. (1976) found significant correlation between x-ray 
spectrophotometry of the femoral neck and its bending strength. 
The method never gained widespread popularity, mainly due to 
inaccuracy and the relatively high radiation flux needed. 

15 



Neutron activation analysis 

Over a decade ago it became apparent that the total body calcium 
can be determined by bombarding an individual with neutrons 
(Anderson et al. 1964, McNeill et al 1973). So far, the method is 
expensive, the spatial resolution poor, and the implementation 
cumbersome. The radiation dose used is too high for individual 
monitoring. Therefore the method must be considered experimental 
for routine clinical use. However, neutron activation analysis is 
appealing as a standard, since it gives an elemental analysis and 
does not depend on the attenuation of radiation by bone. 

Quantitative computed tomography 

Quantitative computed tomography (QCT) is a method that, based on 
a large number of measurements, calculates the radiological 
density in a small volume (voxels) in a slice of the body. The 
size of these volumes can be varied within some limits by 
selecting scanning parameters. Slice thickness within 1.5 - 12 mm 
is available on modern equipment. By altering the matrix size or 
making use of magnification techniques, the number of voxels per 
area of slice can also be altered. 
A radiological density value is calculated for each voxel and, 
instead of a gray-scale picture, a print out of the density in 
each voxel can be obtained. Different scales have been used for 
these density values. However, the Hounsfield units (HU) 
(Hounsfield 1973) soon became the general standard. The HU is 
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defined within the limits of ±1000, which limits its 
applicability. For example, cortical bone often has a density 
equivalent to 1500 HU. For that reason, there seems to be 
consensus about using a scale of CT numbers (CTno). This is 
essentially the same as HU, its mathematical definition being the 
same CT numbers are not absolute but relative values. Zero is 
arbitrarily selected as the density of pure water. In the 
recording of bone mineral content (BHC) it is essential to 
appreciate that a CTno of zero does not mean that no mineral is 
present. For example a 10 percent change in CTno does not mean an 
equivalent change in calcium content. 
The rationale for quantitating BMC by means of QCT is the 
relationship between the linear absorption coefficient and the 
CTno. The CTnos are linearly related to the linear absorption 
coefficient of a tissue. The absorption coefficient is directly 
proportional to electron density of the same tissue. Calcium has 
an extreme hic;h electron density compared with the other atoms 
present in the tissue. Calcium therefore dominates thise 
recordings to such an extent that, within small error limits, the 
radiological density of the tissue is directly propon ional to the 
amount of calcium. 

However, there are sources of errors effecting QCT bo;.e mineral 
measurements. Small calcium concentrations combined with large 
amounts of fat (yellow marrow) in the bone slice, will make 
substantial influence on the recorded CTno. 
The well-known beam hardening effect can be explained as follows: 
a CTno is principally a relative unit describing the ratio between 
the number of X-rays coming out and entering into a voxel. If a 
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tissue has a high density, this ratio large and conversely the 
ratio is small when the tissue has a low density. The energy of 
the X-ray beam does also influence this ratio. With increasing 
energy a larger proportion of X-rays pass through a given tissue. 
X-ray tubes always consist of a large range of energy beams 
omitted. As the rays pass the soft tissue, the lower energy rays 
are filtered off, and the X-ray beam will progressively consist of 
rays of higher energy. This is called the beam hardening effect. 
For this reason, in a tissue of a given density, the proportion of 
rays absorbed will decrease progressively. The CT scanner can not 
differentiate between a lowering of this proportion due to beam 
hardening or to a lowering of tissue density and therefore 
computes a lower CT number. Because the X-ray tube and detectors 
rotate around the object, the beam hardening effect influences the 
recordings progressively from the periphery to the center. A 
substantial lowering of CT number may take place in the center, 
depending on the density peripherally. Computer programs are used 
to correct for this beam hardening effect. However, such programs 
presuppose a standard body. Due to gross individual variation it 
is considered virtually impossible to make the CT scanner 
compensate for this correctly. How large this problem is in 
clinical work is difficult to estimate, although some theoretical 
work have been done (Mazess 1983, Bentzen 1986). 
Fluctuation in voltage delivered to the CT equipment also 
represents a source of error. An old X-ray tube is less effective 
than a new. Varying detector sensitivity was a problem in the 
early generations of CT scanners. The new generations of snlid 
detectors have a high stability. Based on measurements in our 
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department, the problem of CT equipment instability is considered 
negligible (Heiseth et al. 1989). 
Calibration of the recorded CT numbers by simultaneous scanning of 
a phantom with known density, has been proposed by several authors 
(Genant and Boyd 1977, Orphanoudakis et al. 1979, Cann and Genant 
1980, Bentzen et al. 1987). For several reasons we have been 
reluctant to use such a system. It is not clearly specified why 
this calibration is needed. Due to the stability of modern CT 
scanners, we consider calibration phantoms unnecessary. If the 
purpose is to adjust for the beam hardening effect, the 
calibration phantom must be placed in the same location as the 
region of interest. For obvious reasons the calibration phantom is 
situated outside the body, and is subjected to a quite different 
beam hardening effect than the region of interest. If the purpose 
of the calibration is to relate the measured CT number to a given 
mineral concentration, this need not be done by simultaneous 
scanning of a known mineral concentration provided the CT scanner 
is correctly calibrated in advance and with acceptable stability. 
A main advantage of CT is the possibility of measuring density 
within localized regions of bone by selecting a region of interest 
within a CT slice. This enables us to differentiate between 
cortical and cancellous bone. CT scanners are now available in 
most hospitals, and CT can be performed in most institutions 
without additional costs. 

Dual energy has been advocated in several studies (Genant and Boyd 
1977, Revak 1980, Adams 1982). However, it is generally accepted 
that this technology is substantially less precise than single 
energy CT scanners (Posner and Griffiths 1977, Pullan et al. 1978, 
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Orphanoudakis et al. 1979, Revak 1980). The dual energy claims to 
be more accurate (Genant & Boyd 1977, Adams et al. 1982). We 
consider the precision of our recordings the major concern, and we 
are reluctant to accept the benefits of using dual energy CT 
equipment. The dual energy technique requires additional costs. We 
think that the problem of dual versus single enejrgy requires 
careful consideration, and as yet we do not acknowledge the 
advantage of the dual energy technique. 

PROBLEMS TO BE SOLVED 

At present there is no generally accepted program for operation, 
mobilization, and rehabilitation of the elderly with a femoral 
neck fracture (Holmberg & Thorngren 1985). A review of the 
litterature reveals different traditions (page 1). The 
Scandinavian countries have a strong tradition of internal 
fixation for femoral neck fractures, while West Germany, England 
and the U.S. to a greater extent have emphasized the advantages of 
prosthetic replacement in fresh fractures. In spite of the 
cultural differences there has been an increased recognition of 
the disadvantages of using prosthetic replacement for fresh 
fractures over the last decade. It is appropriate to remember the 
comment of Boyd and Salvatore (1964): "The sacrifice of the head 
and neck and replacement by a metallic foreign substance is not 
the answer for the majority of patients; in over half, the best 
available material is in the acetabulum, and its indiscriminate 
removal should be avoided". One question is still: are there any 
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criteria on which to primarily select those patients where 
chances are high for secondary complications? 
Some orthopedists are reluctant for early weight bearing after 
internal fixation, however most centers encourage full weight-
bearing immediately after the operation (Deyerle 1965, Nieminen 
1975, Barnes et al. 1976, Husby et al. 1983). Most hospitals treat 
undisplaced fractures (Garden I and II) by internal fixation, 
others still prefer castbracing and nonweight bearing for the same 
fracture. Different views on rehabilitation to the premorbid 
habitat are advocated (Ceder 1980, Rau et al. 1982). 
The problem of hammering vs. screwing of the nails is still 
adressed, and the optimal dimensions of the implants are discussed 
(Kofoed & Alberts 1980, Husby et al. 1987, SwiontkowsJci et al. 
1987, Rehnberg & Olerud 1988). 

AIMS OF THE PRESENT STUDY 

1. To assess in cadaver specimens the strength in axial 
loading and in rotation of different metal implants 
commonly used in femoral neck fractures. 

The numerous clinical reports of different metal implants used in 
femoral neck fractures are, with few exceptions, poorly 
experimentally documented. Our study aimed at an experimental 
model on cadaveric bone which mimicked the in vivo situation of a 
femoral neck fracture (Paper I and II). 
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2. To relate quantitative computed tomography (QCT) of the 
femur to the mechanical strength of the femoral neck and 
to the bone mineral content. 

We correlated QCT density and mass related values at different 
levels of the femur to axial bending strength of the femoral neck 
(Paper III) and to rotational strength (Paper IV). We also 
correlated the CT attenuation values to direct measurements of 
bone mineral content, i.e. calcium (Paper V). 

3. To assess clinically the results of different multiple 
screw techniques on femoral neck fractures. 

Similar implants as were used in the studies at autopsy, were 
investigated in large clinical series of displaced femoral neck 
fractures in elderly, with special emphasis on tn,a effect of the 
type of implant on early mechanical failure (Pa;>er VI) . 
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GENERAL DISCUSSION 

METHODS 

In five experimental studies preserved frozen femora at autopsy 

were used. It has been documented that dead bone is valid for 

assessing the mechanical properties of living bone (Frankel 1960, 

Evans 1973), and that freezing to -20°C does not alter its 

characteristics (Sedlin & Hirsch 1966). 

Papers I and II 

In the experimental design in papers I and II, cadaver femora from 

elderly people were used. I consider this a proper model to mimick 

the addressed clinical problem of femoral neck fractures in the 

elderly. To correct for varying strength of the bone, the 

contralateral intact femur was used as control. This seems to be 

more appropriate than using different implants on each side 

(Engesæther et al. 1904, Gerstner et al. 1986) or using each femur 

as its own correction factor with submaximal loadings prior to 

fixation of an osteotomy (Mackechnie-Jarvis 1983). 

An experimental vertica^ osteotomy was made on the femoral neck, 

parallel to the femoral shaft. The idea was to mimick the "worst 

case" fracture with maximal instability and with no ii paction at 

the osteotomy site ("Pauwels 3",Pauwels 1935). The model makes it 
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possible to study the mechanical strength of each osteosynthesis 
technique isolated, without impaction in the osteotomy interface. 
Although our osteotomy is different from the common clinical 
fracture of the femoral neck, it may provide valid information of 
the mechanical strength of the different fixation devices. 
In the axial bending model in paper I, the femoral condyles rested 
on the platform, and the shaft of the femur formed a 20° angle in 
relation to the vertical line. This resembles to a certain extent 
the in vivo standing loading. 
It may be argued that the rotational model in paper II is 
unphysiological, due to the fact that a normal acetabulum yields 
little resistance to torsion. However, although the frictional 
forces to torsion are negligible in a normal acetabulum, this may 
not be the case after a femoral neck fracture. Peroperatively 
there are rotational forces, and even small incongruencies in the 
hip joint postoperatively will contribute to considerable 
frictional forces in rotation. 
To correct for varying osteoporosis and strength of the femoral 
neck, we calculated a test/control index between the recordings on 
the osteotomy side and the measurements on the contralateral 
intact femoral ne<-k. This approach should be appropriate, due to 
the fact that there is significant correllation between QCT 
density related measurements of the right and left femora, and 
that the strength of the femoral neck is significantly correllated 
to QCT mass recordings (Husby et al. 1987, Alho et al. 1988). 
However, the procedure did not reduce the dispersion (Coefficient 
of Variance) of the results. 
The autopsy groups were similar in sex distribution, age, height 
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and weight (paper I and II) and made comparison between the 
different osteosynthesis methods justified. 
In the axial compression model (paper I) we recorded the load 
required to create displacement of 2 and 5 mm. At 2 mm deformation 
we were interested in the strength of the osteosynthesis in the 
initial phase. The 5 mm recording was based on the assumption that 
deformation exceeding this limit would be clinically unacceptable. 

Papers III and IV 

A number of methods are described for quantitating the bone 
mineral content (BHC) by means of CT (Genant and Boyd 1977, 
Orphanoudakis et al. 1979, Riiegsegger et al. 1982, Bentzen et al. 
1987). The major problem is to select the region of interest (ROI) 
within which recording should be performed. The reason for this 
problem is the extreme heterogenity of the bone substance. Some 
studies recommend measurements on spongy bone, mainly for two 
reasons. Firstly, cancellous bone has probably a very rapid 
turnover, and alterations are detected earlier than in cortical 
bone. Secondly, the cancellous bone is more abundant and easier to 
delineate than cortical bone. Cancellous bone in general is quite 
heterogenous. 

However, spongy bone in the vertebral bodies is considered 
homogeneous, and for this reason CT recordings are recommended in 
this region (Bradley et al. 1978, Cann and Genant 1980, Brassow et 
cil. 1982). By most approaches measurements are performed within an 
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area of interest, either in a preformed area, or by nanual 
drawing. Our new approach is entirely computerized in the sense 
that no manual delineations or locations of ROIs have been used. 
Recordings are made on a density basis by which measurements are 
performed in voxels above CT numbers of 50. Pixels below this 
threshold value are considered to represent soft tissue. By this 
approach the total bone matrix in a slice (both cortical and 
cancellous) is included in the computation and mean CT number of 
the included pixels are derived in addition to the volume of the 
same pixels. An assessment of the total BMC in a particular slice 
can be calculated as : 

mean CT number X volume. 

This is what we call a mass related measure (MRM). The advantage 
of this approach is that it is an easy procedure, and avoids the 
error due to an individual drawing of a ROI. The threshold limit 
excludes some of the soft tissue, especially the fatty marrow. It 
includes pixels into the computation on the basis of CT number, 
not by an arbitrary visualization. In addition, a dichotomy 
between cancellous and cortical bone can also be made on the basis 
of CT numbers. 

Our approach by using a lower threshold limit does not exclude the 
error caused by low density fatty marrow, and the computed bone 
matrix volume will be incorrect due to partial volume effect. 
However, there is positive correlation between chemically recorded 
bone matrix volume and the respective volume as measured by QCT. 
Although the CT value in each voxel may be too low compared to the 
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actual density in the bone, the mean density in the voxel may be 
representative for the amount of bone in that voxel. 
In QCT recordings of bone a large number of variable factors are 
involved, and different approaches are advocated, our concern in 
this study was to relate QCT recordings to bone strength. Whatever 
the errors of the measurements are, the only means of making such 
an evaluation is a practical testing. If such tests yield 
important and consistent information, different sources of errors 
are of less concern. In Paper III and IV this evaluation has been 
performed as a direct comparison between the QCT recordings and 
the mechanical strength of the femoral neck. 

The accuracy of QCT measurements on bone is more problematic than 
the precision. Studies on vertebral specimens showed poor 
correlations (r=0.54 and r=0.69) of single energy CT results with 
real density (Bradley et al. 1978, Adams et al. 1982). Cann et 
al.(1980) found an increased correlation when compact bone was 
included in the analysis. The explanation why vertebral trabecular 
bone is more difficult to measure is probably the variable 
concentrations of red and yellow marrow. Marrow composition 
influences the QCT results since fat has lower radiation 
attenuation values than red marrow (Mazess 1983) . This problem 
does not exist in the compact bone of the appendicular skeleton 
where the marrow is not physically interposed with the bone and 
where the marrow is almost uniformly of the yellow type with small 
variations in its composition producing minimal errors. To further 
reduce the "fat" problem, we chose a lowest bony threshold limit 
of 50 HU (=CTno) (Paper III and IV). Obviously this is an 
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approximation, but it is considered the best alternative when 
using the single energy technique. 

We also made a dichotomy in the QCT measurements of trabecular .~nd 
cortical (compact) bone at 500 HU. This also is an approximation 
based on empirical pilot studies. The alternative method would 
have been a manual drawing of an area of interest. This technique 
is time-consuming and is obviously more sensitive to 
interobserver variances. 

Swiontkowski et al. (1987) found no significant correlation 
between intact bending stiffness and QCT density. However, they 
also found, like us, significant correlation between intact 
bending strength and fixation success, suggesting that bone 
properties (density and mass) may play an important role in the 
outcome of a femoral neck fracture. Our altered QCT measuring 
technique using threshold limits and mass related measures may 
contribute to the solution of this problem. 

Paper V 

Studies on QCT density and mass related measurements of bone show 
a wide range of approaches, and the lack of standardization 
represents a problem in the result comparison. Clinical studies 
(Isherwood 1976, Orphanoudakis et al. 1979, Cann & Genant 1980) 
have virtually no possibility to really show the direct 
correlation between QCT recordings and the chemical composition of 
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the bone. The relatively few in vitro studies published have 
mainly addressed QCT density recordings of cortical bone (Reich et 
al. 1976, Posner & Griffiths 1977, Revak 1980), and they all 
indicate significant positive correlations between QCT 
measurements and calcium concentrations. Bradley (1978) reported 
significant correlation between QCT density recordings of 
trabecular bone of vertebrae and the calcium concentrations. Our 
approach by using a lowest threshold limit of 50 CTno to reduce 
fat and soft tissue recordings, combined with a QCT mass related 
measure of bone, yields highly significant correlation to the 
calcium mass recordings (r=0.96, p<0.001). This approach includes 
measurements of both cortical and trabecular bone, and indicates 
that the QCT attenuation values recorded in Paper III and IV has a 
linear relationship to the actual bone mineral content. The 
recorded data fit well into a regression model, and makes it 
possible to estimate calcium concentration and mass from the known 
QCT density and mass related measurements. 

A "true" bone matrix volume was calculated subtracting the 
recorded fat volume from the physical slice volume. These data 
were compared to the recorded QCT slice volume, setting a lowest 
threshold limit to 50 CTno (= HU) (METHODS, Paper V). 
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TABLE 1. 
The total physical slice volume compared to the bone matrix volume 
as measured chemically (subtracting fat), or by QCT with threshold 
limit of 50 CTno in 20 cadaveric femora. 
CASE PHYSICAL TOTAL BONE MATRIX BONE MATRIX 

SLICE VOLUME VOLUME (FAT VOLUME 
SUBTRACTED) (QCT) 

ml ml ml 
1 30.5 
2 33.2 
3 40.2 
4 45.0 
5 39.5 
6 33.8 
7 33.4 
8 38.8 
9 46.9 
10 34.1 
11 45.0 
12 49.8 
13 38.5 
14 30.9 
15 29.9 
16 50.5 
17 47.9 
18 44.3 
19 50.0 
20 48.3 

21.7 35.3 
12.6 30.1 
17.0 34.6 
21.7 38.1 
20.5 22.9 
17.0 32.2 
12,3 29.3 
14.3 32.5 
17.9 33.8 
14.9 29.6 
22.5 41.9 
25.7 45.1 
14.8 32.3 
10.8 23.1 
12.2 33.7 
27.7 50.7 
20.3 44.2 
17.7 41.1 
22.5 41.4 
21.0 39.7 

The three different bone volumes recorded in Table 1 are 
independently different from each other (p<0.001, T-test). The 
physical total slice volumes are positively correlated to the 
chemically recorded bone matrix volumes (slice volume - fat, 
r=0.78), and to the bone matrix volumes as calculated by QCT 
(r=0.76). Accordingly the chemical and the QCT recorded bone 
matrix volumes are positively correlated (r=0.76). 
Thus the calculated bone matrix volume represents 88 and 55 
percent of the total slice volume, recorded respectively by QCT 
and by chemical extraction of the fat. This shows that we do not 
exclude the fat problem by choosing a lower threshold limit 
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(50CTno), but we reduce it. The alternative to our approach would 
be a manual drawing of an area of interest, which is time 
consuming, and liable to individual errors and lack of 
standardization. 

Paper VI 

In the clinical study, several implants were used consecutively. 
Different residents made the surgery on a 24 hour basis, many of 
them under education in general surgery. With a yearly number of 
350-400 femoral neck fractures in our department, the groups could 
be collected during a relatively short period of time. Introducing 
one new technical solution at a time made the residents fully 
familiar and skilled in the present method. We also avoided a 
motivation problem. The result was that the patients in the 3 
groups did not vary significantly in age, type of fracture, 
female/male ratio, and social status at admission, and comparison 
between the groups should be justified. To avoid any 
misenterpretations, we did not use any reduction score (Garden 
1961), but recorded each reduction parameter separately. 
Undisplaced fractures of Garden I and II were excluded from the 
study, and the remaining Garden III and IV fractures were pooled 
as one group as advocated by others (Frandsen et al 1986, 
Editorial, Acta Orthop Scand 1988). 
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RESULTS 

Paper I and II 

On cadaveric bone, the mechanical strength of a femoral neck 
osteosynthesis does not increase when using a sliding hip screw, 
even when supplemented with a proximal lag screw, compared to two 
simple 5 mm screws. This seems to be the fact both in axial 
bending (paper I) and in torsion (paper II). On the other hand, 
screws or pins with diameter less than 5 mm seem to be too 
resilient to maintain strong fracture fixation. Our study confirms 
the findings of others. Baril (1975) found no significant 
difference between triflanged nail and side-plated Deyerle device 
when tested in rotation on cadavers. A clinical study by Madsen et 
al. (1987) concluded that the sliding hip screw did not increase 
fracture fixation compared to four solid screws. Martens et al. 
(1979) found that 3.5 mm screws were inadequate to maintain 
fracture reduction in elderly patients. 

The explanation behind these findings is not obvious. Small screws 
(< 5 mm) do not show metal fatigue, but the threaded area is 
probably too small to achieve sufficient screw grip in the 
osteoporotic bone. On the other hand, sliding hip screws (7.5 mm 
shank - 12 mm thread) do not achieve as good calcar contact 
medially as 5 mm screws, and the supplementary lag screw does not 
increase the stability, probably because the distance between the 
two screws is smaller than between the two 5.5 ma screws. One 
might also speculate that the large head of the sliding screw 
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simply makes too much damage to the cancellous bone in the femoral 
head to enhance fracture stability. Other studies have concluded 
that compression of femoral neck fractures by a sliding-screw-
plate may be hazardous in fragile bone (Frandsen & Madsen 1983, 
Frandsen et al. 1984, Jacobson & Dalen 1985). Supporting this 
concept is also the work of Linde et al. (1986) stating that the 
avascularity of the femoral head increases when using a sliding 
hip compression screw in contrast to multiple screws. 
The question of three instead of two 5 mm screws was not 
addressed in our axial bending study. Our experimental study on 
torsional strength of fixed femoral neck osteotomies (Paper II), 
and the clinical study (Paper III) suggest that three instead of 
two screws might be beneficial. The application of more metal 
obviously reduces the viability of the femoral head (Stromqvist et 
al. 1983, Linde et al. 1986), and further long term studies have 
to be performed in order to settle the question of three versus 
two screws. 

Papers III and IV 

The strength of the femoral neck is significantly correlated to 
QCT bone density related measurements, and even better to QCT mass 
recordings (density related measure x slice volume), both in axial 
bending (Paper IV) and in rotation (Paper V). Hvid et al. (1987) 
have shown that QCT measurements of bone as a material are 
correlated to axial compressive strength of the cancellous bone of 
the proximal tibia, and they showed that bone mineral content as 
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recorded by QCT through the femoial neck is significantly 
correlated to the strength of the femoral neck. The present 
findings of bone as a structure address the theory of a bone as a 
"cylindrical" unit, equally strong at different levels (Alho et 
al. 1989). The varying distribution patterns between spongy and 
compact bone represent different physiological demands from muscle 
insertions and articulations (Roux 1881). 
Recent studies have focused on QCT recordings of trabecular bone 
(Brown & Ferguson 1980, Chiarelli et al. 1986, Hvid et al. 1987). 
Our recordings of the QCT total bone density and mass values, 
demonstrates the increasing interest in including the periphery of 
the bone in CT data (Eriksson et al. 1988). In mechanical terms, 
the bone mass does not describe its strength, the mass values 
being proportional to the second power of the radii, whereas the 
polar and axial moments of inertia of tubular structures, which 
describe their strength better, are proportional to the fourth 
power of the radii. However, the QCT mass approximations used in 
this study improved the correllation coefficients with the 
mechanical strength of the femoral neck remarkably. 

Paper V 

Our data showed convincing correlation between calcium contend and 
bone density and mass as measured by QCT. Our approach by setting 
a lower threshold limit of 50 CTno obviously does not exclude the 
fat problem, but reduces it, and omits the problem of a manual 
drawing of an area of interest. It seems well documented that 
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single energy QCT without calibration phantoms is significantly 
correlated to the bone mineral content in the scanned slice, even 
when the bone contains substantial amounts of fat and cancellous 
bone. From a clinical viewpoint, this opens up the perspectives 
not only to longitudinal studies regarding the follow-up of 
osteoporotic patients, but also vertical clinical studies 
assessing the individual QCT bone density and mass related 
recordings. 

Paper VI 

Due to different grading systems, it is difficult to compare 
reduction results in clinical reports of femoral neck fractures. 
Rehnberg & Olerud (1988) used the classical Garden system (Garden 
1971) , others use no documentation of reduction at all ( Nilsson 
et al. 1988). To avoid misenterpretations, we recorded all 
reduction parameters separately. The individual screw positioning 
was also recorded. 
We have later pooled all data, regardless of the implant used, and 
made a Logistic Regression Analysis in an attemt to find the most 
important predictors of outcome for a displaced femoral neck 
fracture (Table 2, unpublished data). 
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Table 2. Logistic Regression Analysis used to sort out the single 
factors most important for the prognosis of dislocated femoral 
neck fractures in 244 cases. The parameters are ranked in order of 
decreasing importance. 

Medial nebb impacted "on top" of medial calcar 
I 
I n 
0-10° valgus in A-P view 
I 
* 
>10° valgus in A-P view 

i 

Medial nebb flush (in line) with medial calcar 

*p<0.05 
Alberts and Jaerveus (1988) made a similar regression analysis on 
femoral neck fractures (Garden I-IV, 3 Nystrdm nails or 3 Scand 
screws) and found that the single most important factor was the 
fracture reduction followed by the type of fracture and the 
position of the fixation devices. Our data address solely 
displaced fractures, which are the most interesting, and emphazise 
in detail the importance of a good reduction. 
Paper VI confirms our hypothesis that screws with less than 5 mm 
in diameter, are unsuitable to maintain a good fracture fixation. 
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GENERAL SUMMARY 

Paper I 

A vertical femoral neck osteotomy, parallel co the shaft of the 
femur, was made on 36 cadaver specimens. The contralateral femur 
was used as control. The osteotomies were fixed with a Thornton 
nail, two von Bahr screws, three Gouffon screws, three Knowles 
£j.ns, a Haukebo compression screw or an AO compression r -ew. The 
specimens were tested in axial compression. To correct for varying 
bone density, test/control indices were recorded. The two 5 mm von 
Bahr screws, the Haukebo and the AO compression screws showed 
similar strength, significantly stronger than Thornton nail, 
Gouffon screws, or Knowles pins. Independent from various 
implants, the strength of the control femur was positively 
associated with the stability of the osteosynthesis. This 
indicates that bone density per se affects the stability of a 
femoral neck osteosynthesis on cadavers. 

Paper II 
The purpose of the experiment was to investigate rotational 
stability of different implants on femoral neck osteosynthesis. 
The study concludes that three 5 mm screws yield the strongest 
fixation. A construct with two 5 mm screws is even stronger than 
hip compression screw with or without additional lag screw. 
Although rotational forces are less important than axial 
compression forces in vivo, the study suggests that three 5 mm 
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screws may be mechanically favorable compared to 2 screws and the; 
hip compression screw. 

Paper III 
QCT density related recordings on cadaver femora at different 
levels are significantly correlated to the compressive strength oi 
the femoral neck. This correlation is enhanced when QCT bone mass 
related measures are used. Based on our findings we postulate an 
equal distribution of the effective bone mass of the femur. 

Paper IV 
The hypothesis from Paper III was confirmed in an experimental 
rotational model. QCT bone mass related measures at all levels of 
the femur are significantly correlated to torsional strength of 
the femoral neck. The highest correlation coefficients were 
obtained in the diaphyseal and condylar area, probably due to 
better standardization of QCT measurements in these regions. 

•Paper V 
Scanned slices of the femoral condyles were neatly cut with a saw 
and chemically analyzed. The significant correlation (r=0.96, 
p<0.001) between calcium content and QCT mass recordings, confirms 
that QCT bone measurements may give valid information of the 
actual bone mineral content. 
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Paper VI 
Our aim was to study clinically early mechanical failure of 
femoral neck fractures, the role of screw dimensions, and number 
of screws. Resilient screws with less than 5 mm diameter yield 
significantly increased redisplacement rates compared to 5 mm 
screws. Three 5mm screws showed the best retention of the 
fracture, but the difference from the results with two 5 mm screws 
was not significant. The study suggests that increasing the number 
of screws from 2 to 3, and finding an optimal screw diameter, may 
be favorable for the retention of a femoral neck fracture. 
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CONCLUSIONS 

1. Screws with about 5 nun diameter seem best suited for the 
fixation femoral neck fractures/osteotomies. 

2. Three instead of two screws improve fixation in femoral neck 
fractures. 

3. QCT recordings at various levels of the femur correlate 
significantly to bending and rotational strength of the 
femoral neck. 

4. The strength of an experimental femoral neck osteosynthesis 
is positively correlated to the bone quality as recorded by 
QCT bone mass related measures. 

5. QCT mass related measurements of bone give an appropriate 
estimation of the real bone mineral content. 
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CLOSING REMARKS 

Exact reduction and proper screw positioning are of utmost 
importance for the prevention of early redisplacement of a femoral 
neck fracture. The strength of the implant bone construct seems 
also important, since QCT of the femur correlates significantly to 
the strength of the femoral neck (Paper III and IV) and the 
strength of a femoral neck osteosynthesis (Husby et al. 1987). In 
clinical practice we are still faced with the problem of 10-20 
percent early mechanical failure, demanding reoperations and gross 
consumption of hospital resources. Recent reports (Alberts 1985, 
Alberts et al. 1987, Stromqvist et al. 1987) favor early 
scintimetry as a means of detection of impending fracture 
complications (redisplacement, nonunion and segmental collapse). A 
hot topic is then: Is it possible at admission, by noninvasive 
methods, to sort out the patients best suited for primary 
prosthetic replacement? It is yet to be shown clinically that QCT 
of the femur contributes to the solution of this problem. Such 
clinical longitudinal studies are in progress at our department. 
Due to the dimensions of the femoral neck fracture problem, even 
small improvements in our diagnostic and therapeutic approaches 
will have great influence on the total consumption of the 
orthopedic resources and on the outcome of treatment. 
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Strength of femoral neck fracture fixation 
Comparison of six techniques in cadavers 

Torstein Husby, Antti Alho, Arne Hoiseth and Erik Fonstelien 

A neck osteotomy parallel to the femoral shaft was made on 36 cadaveric 
femora using the contralateral intact femur as a control. The osteotomies were 
fixed using a Thornton nail, two von Bahr screws, three Gouflon screws, three 
Knowlcs pins, a Haukebø compression .screw, or an AC) compression screw. 
The femora were then tested for bending strength using the load ratio 
test/control at 2- and 5-mm displacement as an expression of the relative 
strength of the osteosynthesis. There was no difference hetween the von Uahr. 
Haukebø, and the AO screws. These implants gave stronger fixation than the 
Thornton nail, Gouffon screws, and Knowles pins. The Thornton nail was 
stronger than three Gouffon screws or Knowles pins. The relatively stronger 
compression hip screws were thus not superior to iwo optimally placed >mm 
screws. 

The best way to stabilize a fracture of the femoral 
neck is still debatable. Several strong implants 
based on the sliding screw principle have recently 
been introduced (Frandsen 1979. Nordkild and 
Sonne-Holm 1984. Svenningsen et al. 1985). 
However, factors other than implant strength 
should not be neglected, notably the strength of 
bone and the exactness of reduction (Frandsen 
1979). We have compared the strength of com
pression hip screw systems with that of simple 
nailing and multiple pinning. 

Material and methods 

Thirty-six pairs of macroscopically normal ca
daveric femora (60-87 years, 18 females, 18 
males) were used, six pairs in each group. A neck 
osteotomy parallel to the femoral shaft was made 
on one femur of each pair (Figure 1). The six 
osteotomies in each group were fixed using differ
ent implants (Figure 2). All the implants were 
inserted in a 140° angle to the shaft of the femur. 
Standard techniques were used following the 
instructions of the producer. The Thornton nails 

Ullevaal Hospital, University of Oslo, and Center for 
Industrial Research, Oslo, Norway 

rested on the ealcar femorale. One von Bahr 

screw rested on the medial ealcar: the other screw 
had a proximal position. The Gouffon and 
Knowles pins had two screws distally resting on 
the calcar and one proximal screw. The Haukebø 
compression screw was placed rather centrally, 
and had a supplementary lag screw proximally. 

Figure 1 A neck osteotomy parallel to the femoral shaft was 
made on one femur of each pair. 
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THORNTON KNOWLES 

Figure 2. Different types of metal implant used in the fixation of 
femoral neck osteotomies. 

The AO screws were also placed rather centrally 
in the femoral neck. All the pins/screws were 
parallel to each other. 

Between the different stages in the experi
ments, the bones were kept in a freezer at - 18°C 
(Sedlin and Hirsch 1966). After 8-UJ hours at 
room temperature, the femora were tested in an 
Instron machine (TTMM 5 ton. Universal Mate
rial Testing Machine), mounted with the condyles 
resting on the horizontal plane. The angle be
tween the femoral shaft and the bending load was 
15-20 degrees. The vertical loud was applied on 
the top of the femoral head with a speed of 5 
mm/min. Thus, the force applied mimicked the 
longitudinal static forces in vivo. Except for the 

Figure 3. Thirty-four of 36 control femora had vertical subcapital 
fractures. Bone biopsies were taken after the fracture occuned 

interfragmentary compression on the osteotomies 
exerted by sliding screws, no compression was 
applied perpendicular to the osteotomies. The 
measured loads at 1- and 5-mm deformation at the 
osteotomy side were compared with the corre
sponding values on the control side and with the 
strength at fracture of the control lemur. "I he 
ratios between loads recorded on the two sides 
were used as an expression of the relative strength 
of the osteosyntheses. The fractures produced on 
the control side were vertical fractures in the \er\ 
lateral part of the neck (Figure 3). except for one 
fracture of the femoral shaft (female. NT years) 
and one subtrochanlenc (incluru (male. ?l \eaisj. 
The loads at fracture on the control side \aned 
from 2.7.S to M.hl Newtons. 

Analysis of \arianee (ANOVAl was used in the 
statistics, which included all the ratios test 
control. The reasoning behind this method was 
f he possibifitv to son out the \arialional differ
ences between the single femoral heads from the 
operation methods used. In this way it was 
possible to stmK 'he taxational diffeiences .irul 
resulting means hut ween the nailing procedures 
used. 

file:///eaisj
file:///aned
file:///arianee
file:///arialional
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Table 1 Loads and load ratios test-control at 2- and 5-mm displacement. Figures are mean kN (SD) 

Osteosynthesis F/M 2-mm deformatior 5-mm deformation F/M 

Osteotomy Control Ratio Osteotomy Control Ratio 

Thornton nail 3/3 0.40 (0.24) 1.14 (0.30) 0.37 (0.23) 0.70 (0.50) 2.73 (0.80) 0.26 (0.2) 
von Bahr screws 3/3 0.57 (0.18) 1.01 (0.29) 0.59 (0.17) 0.91 (0.30) 2.61 (0.94) 0.36 (0.1) 
Gouffon screws 1/5 0.34 (0.13) 1.60 (0.46) 0.22 (0.80) 0.71 (0.46) 3.66 (1.19) 0.18 (0.9) 
Knowles pins 3/3 0.34 (0.20) 1.72 (0.35) 1.19 (0.10) 0.46 iO 28) 3.96 (0.61) 0.11 (0.7) 
Haukebø screw 4/2 0.54 (0.34) 1.51 (0.52) 0.42 (0.32) 0.92 (0.52) 3.45 (1.02) 0.30 (0.2) 
AO screw 4/2 0.59 (0.27) 1.39 (0.31) 0.42 (0.17) 1.10 (4.0 ) 3.08 (0.76) 0.34 (0 1) 

Results 

The load ratios at 2- and 5-mm displacement 
showed that 2 von riahr screws, the Haukebø 
screw, and the AO device were superior to the 
other impants (P < 0.001. Table 1). The Thorn
ton nail was superior to the Knowles and Gouffon 
pins ( P < 0.001). 

The loads needed to deform all the 36 osteo
syntheses by 2 and 5 mm were pooled and 
compared with the corresponding values and the 
maximal strength of the respective control femur 
(Figure 4). Independent of the various osteo
synthesis implants, the strength of the control 
femur was positively associated with the stability 
of the osteosynthesis as measured at 2- and 5-mm 
deflection of osteotomy compared with that of 
intact femur or maximal strength of intact femur 
(P < 0.005. chi-square test). 

Load <kN) 
10r 

Displacement (mm) 

Figure 4. Typical load-deformation curves lor a fixed femoral 
osteotomy and its control femur. Loads al 2- and 5-mm 
displacement are marked by slotted lines. 

Discussion 
The mechanical properties of internally fixed 
femoral fractures depend not onh on the strength 
of the implant, but also on the type of fracture and 
the bone itself (Dalen et al. 197h. I'randsen 197l>. 
Frankel 1959. Frankel 19h0). We recorded the 
loads at 2 and 5 mm of " mation, assuming that 
a deformation more than 5 mm is unacceptable. 
Our finding thai the strength of osteosynthesis in 
the femoral necks was not increased by hip 
compression screws with side plates compared 
with two \on Bahr screws with a wing diameter 
of 7 mm confirms previous obsenations llinge-
sæter et al. 19S4. Frandsen 1979. Mackcdinie-
Jarvis 19N3. van Audckerekeel al. 1979). We also 
found that the von Bahr screws gave stronger 
fixation than the Thornton nail. Ciouffon Screws, 
or Knowles pins. 

Using cadaveric upper femora. Engeseter et al. 
(1984) found no difference between von Bahr 
screws and the Zimmer compression hip screw 
provided with a lag screw proximally; the osteo
tomy was made perpendicular to the femoral neck 
and the implant inserted at an angle of 130c. We 
used an osteotomy parallel to the femoral shaft, 
which is most unfavorable for the implant. Others 
have found no difference between multiple pin
ning and a hip compression screw (Mackechnie-
Jarvis 1983, van Audekercke ei al. 1979). In the 
latter study, the triflange nail was inferior to the 
multiple pinning/sliding screw. Further, Frandsen 
and Madsen (1983) showed experimentally that 
axial compression of a hip screw may be harmful 
in osteoporotic femoral necks because the com
pression increases to a certain point, then the 
screw grip loosens and the strength of the osteo
synthesis subsequently decreases. 

In addition to the strength of the implant, the 
structure of the bone seems to be important. We 
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found that the strength values of all the osteosyn

theses compiled were associated with the maximal 

strength of the control bone. This indicates that, 

in addition to the rigidity of the implan*. bone 

fragility also affects the stability of th • femoral 

neck osteosynthesis. Osteosynthesis with a hip 
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Stability of femoral neck osteosynthesis 
Comparison of fixation methods in cadavers 

Torstein Husby, Antti Alho and Helge Rønningen 

Fixation of vertical femoral neck osteotomies in 50 cadavers was performed with ei
ther von Bahr screws or a sliding hip compression screw. One specimen from each 
pair of femora was used for the osteotomy, the other .serving as an intact control. At 
0.(15 r of torsion the load-deformation lest showed that three von Bahr screws provid
ed the strongest fixation, and this was confirmed by the the ultimate torsional moment 
test. Regardlessof positioning, even two von Bahrscrews were stronger than the slid
ing compression screw with or without an additional lag screw. The results indicate 
that the best torsional stability in femoral neck fractures can be obtained with three 
5.5-mm screws. 

We report torsional stability tests in 50 cadaveric fem
oral neck osteotomies fixed with three difl'erenl von 
Bahr screw configurations and hip compression 
screws with or without an additional proximal lag 
screw. 

Material and methods 

Fifty pairs of macroscopically normal femora were 
harvested from fresh cadavers, stripped of soft tissue, 
and stored at minus IS °C until testing {SedJin and 
Hirsch 1966. Table 1). Prior to the experiments, the fe
mora were thawed 8 hours at room temperature. In one 
lemur of each pair, a vertical neck osteotomy was 
made; the other femur was used as an intact control. 
After an exact reduction, the osteotomies were fixed 
underdireet vision with parallel placement of different 
types of screws. The following five techniques were 
used: von Bahrscrews (shank diameter 5 .5 mm. thread 
diameter 7.5 mm) in three different configurations: (a) 
one proximal and one distal screw, (b) like (a) but with 
the distal screw perforating the medial cortex of the 
neck, and (c) one screw proximal and two distal 
screws, and a Richards hip compression screw with or 

University of Oslo. Ullevål Hospital. Orthopedic Service. 
N-0407 Oslo 4. Norway 

without an additional AO cancellous lag screw (shank 
diameter 4.5 mm. thread length 16 mm) proximally 
(Figure 1). 

All Ihe screws were inserted at a 140°angle in rela
tion to the femoral shaft. All the screw holes were pre-
drilled after making the osteotomy; the predrilling for 
the sliding screw was done to the subchondral bone of 
the femoral head. All the distal von Bahr screws had 
medial calcar support. The compression screw was at
tached to a 140° side plate with two holes. The com
pression screw was tightened just enough to obtain 
contact on the osteotomy surface, but impaction was 
avoided as recommended for elderly patienis (Frand
sen and Madsen 1983, Frandsen et al. 1984). The paral
lel lag screw was tightened according to the same prin
ciple. All the screws were driven into the subchondral 
bone of the femoral head, under direct vision, within 5 
mm of its articular surface. 

After the fixation of the osteotomy, the femoral 
head was cemented in a polyurethane block wilh its 
surface parallel to theosieotomy and the rotational ax is 
passing through the center of the femoral neck. To 
avoid slipping under torsion, two Steinmann pins were 
inserted through the femoral head prior to the cement
ing of the control specimen. The polyurethane block 
fitted exactly into the rotalional testing device on an In-
stron TTMM 5 ton Universal Materials Testing Ma
chine. The specimens were mounted on the Instron 
machine with the femoral shaft fixed horizontally and 
the rotational axis passing through the center of the 
femoral neck. The torsional testing device ran wilh a 
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Table 1. Characteristics ol 50 cadaveric femora used in the experiments. Figures are mean SO 

Type of fixation Femora Female.' Age Height Weight 
n male (yr) (cm) (kg) 

Two von Bahr screws 
(1 proximal. 1 distal) 10 9tt 72 10 163 4 58 12 

Two von Bahr screws 
(1 proximal, 1 distal 
penetrating calcar medially) 10 8/2 82 9 162 11 57 19 

Three von Bahr screws 
(1 proximal. 2 distal) 10 6/4 77 16 162 13 59 9 

Hip compression screw 
with Side plate 10 3/7 67 10 167 7 58 8 

Hip compression screw 
with side plate and lag 
screw 10 6/4 72 11 163 14 62 21 

•ff off 
A B 

off off 
D E 

speed of 0.26 r (I57min),and the load-angular defor
mation was continuously recorded on a X-Y writer. 
The fixed osteotomies were tested loO.52 r 130') of tor
sion, and the control femora were tested to fracture. 
The following data were recorded for each specimen: 
torsional moment at 0.05 r (3°) and at maximal load, 
torque angle at maximal load, and the torsional stiff
ness. The ratio test/control femur was used as an ex
pression of the relative strength of the osteosynthesis. 

Analysis of variance (ANOVA) was used in the sta
tistical analysis of all the indices tests/controls. Least 
Significance Difference Pairwise Comparison Test 
(LSD) was used when the ANOVA indicated signifi
cant differences between the groups. Residual analysis 
in the form of plotting of the residuals versus type of 
osteosynthesis was calculated for all the groups. 

C 

Figure 1. Different implants used 
m fixation ol 50 femoral neck os
teotomies. 
A. Two von Bahr screws {5.5 

mm). 
B. LikeA. but medial calcarpene-

(rated. 
C Three von Bahr screws. 
D. Richards' hip compression 

screw. 
E. Like D. additional AO lag 

screw (4.5 mm). 

Results 
At0.05r(3°)of rotation, the torsional moment indices 
showed that the construct with three von Bahr screws 
was the strongest and that the results with the other os
teosynthesis methods varied insignificantly (Table 2). 
The torsional moment indices at maximal load con
firmed that three von Bahr screws were stronger than 
all of the other osteosyntheses {P < 0.05), and that the 
two different configurations of two von Bahr screws 
were equal but stronger than the compression screw 
with or without an additional lag screw' (P<0.05; 
Table 3). The angular deformation indices at maximal 
load and the respective indices for torsional stiffness 
did not vary between the groups. Maximal torsional 
moment on the control femora con elated with the 
weight (r = 0.55, P < 0.05) and height {/• = 0.62. P < 
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Table 2. Torsional moments at 0.05 rad and torsional stiffness of five osteosynthesis techniques. Figures are mean SO 

Type of fixation Femur Torsional moment at 0.05 rad (Nm) 
pairs 

n Osteotomy Control Ratio 

Torsional stiffness (Nm7r) 

Osteotomy Control Ratio 

Two von Bahr screws 
(1 cranially, 1 caudally) 10 

Two von Bahr screws 
(1 cranlally, 1 caudaliy 
penetrating catcar medially 10 

Three von Bahr screws 
(1 cranially, 2 caudally) 10 

Hip compression screw 
with side plate 10 

Hip compression screw 
with side plate and lag screw 10 

9.9 6.6 32.4 6.7 0.32 023 7.5 4.9 26.4 7.1 0.30 0.19 

8.0 2.6 27.5 7.6 0.31 0.14 7.7 4.3 23.9 8.6 0.36 0.25 

16.0 5.7 36.3 13.7 0.49 0.23' 14.0 7.0 31.3 15.3 0.51 028 

9.7 2.3 38.2 13.5 0.28 0.97 9.3 3.6 32.6 16.4 0.34 0.16 

11.5 5.6 37.4 9.7 0.30 0.14 10.2 6.5 30.9 9.7 0.32 0.20 

Indicates significant difference from other groups (P< 0.05, LSD test). 

Table 3. Ultimate torsional moments and torsional angles at ultimate load of five osteosynthesis techniques. Ratios test/control are 
indicated. Figures are mean SD 

Type of fixation Femur 
pairs 

Ultimate torsional moment (Nm) Torsional angle at ultimate load (rad) 

n Osteotomy Control Ratio Osteotomy Control Ratio 

Two von Bahr screws 
(1 cranially, 1 caudally) 10 25.1 10.2 65.5 19.9 0.38 0.11 3.3 1.4 1.9 7.4 2.0 1.1 

Two von Bahr screws 
(1 cranially, 1 caudaily 

penetrating catoar medially 10 19.0 6.4 51.2 22.4 0.39 a r r 3.6 1.6 1.6 7.7 2.2 1.4 

Three von Bahr screws 
(1 cranially, 2 caudally) 10 40.0 11.1 84.6 20.6 0.49 0.16 3.3 2.1 2.8 1.8 1.4 1.1 

Hip compression screw 
with side plate 10 20.3 6.0 87.1 23.8 0.24 0.50 2.7 1.6 2.1 7.7 1.5 9.5 

Hip compression screw 
with side plate and lag screw 10 17.3 8.1 84.4 36.7 0.20 0.62 2.3 1.7 2.0 1.1 1.3 12 

0.05), but not with the age of the cadavers. The metal 
devices were removed from the specimens after test
ing. There was no indication of metal fatigue. A l l the 
specimens demonstrated that the main destruction of 
bone occurred in the loose trabecular bone in the troch-
antcric-ccrvical area. A l l the control femora fractured 
vertically in the neck at an ultimate rotational strength 
o f 7 4 . 5 ± 2 H . l N m ( m e a n ± S D > . 

Discussion 
Frankel (1959) found that after osteosynthesis of ex
perimentally created femoral neck fractures, the bone 
absorbed 75 per cent of the load applied to the femoral 
head and the appliance absorbed the *-;maining 25 per 
cent. The variations in bone density from individual to 
individual could, for this reason, mask any advantage 
oi'one fixation method over the other. W e found good 
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correlation of intact bone strength with height and 
weight, but not w t h age. To avoid this problem, a 
paired comparison i Engesietereial. 19K4) or preload
ing with each femur is its own control (Swiontkowsky 
etal. 1987)has been used. Useofintactbone.asinthe 
present study, simulates the clinical stress distribution 
best. In previous studies, we have shown that the bone 
densiiy between right and left femora varies insignifi
cantly (Husb> el al. 1987). 

When using hip compression screws with or without 
lag screws, we did not apply more compression over 
the osteotomy site than necessary for a good bone-to-
bone contact; compression of osteoporotic bone may 
be harmful as shown both experimentally by Frandsen 
and Madsen 1983 and clinically by Linde et al. 1986. 
The reason is that compression increases to a certain 
limit, then the screw grip loosens, and the strength of 
the osteosynthesis subsequently decreases. 

All the control fractures were vertical spiral frac
tures of the femoral neck. This is not surprising due to 
the concentration of shearing forces in this area in our 
torsional model. Interestingly, a quite similar fracture 
appears in the femoral neck when the femur is subject
ed to a vertical load either as a constant force (Alho el 
al. 19S8)or in repeated cycles (Griffiths et al. 1971). 
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Bone mineral content as determined by computed 
tomography (CT) and mechanical strength on 
axial loading were compared in 36 cadaveric 
femur specimens. In axial loading, 34 femora 
fractured vertically in the neck, one femur frac
tured subtrochanterically, and one in the shaft. 
Based on the CT measurements of density and 
area, the mass of a transverse slice of the femur 
was estimated. Highly significant correlations 
were demonstrated between strength and cancel
lous bone density. Even higher correlations were 
revealed when the bone masses of the proximal 
and distal femoral areas were calculated. Based on 
these findings, an equal distribution of the effec
tive mass of the femur was postulated. 

Osteoporosis and reduced bone strength 
are important factors in fractures in elderly 
persons." 1" This study investigates the rela
tionship between the mineral content and 
mechanical strength of the femur using com
puted tomography (CT) to measure bone 
density in a series of cadaveric femur speci
mens. 

MATERIALS AND METHODS 

Thirty-six pairs of femora were removed from 
cadavers 57-87 years of age. There were 18 
women and 18 men without macroscopic pathol
ogy of the bone or hip joint. In the biomechanical 
part of the study, one femur of each pair was 
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mounted on an Instron device (TTMM 5 Ton. 
Universal Material Testing Machine, Instron, 
Ltd.. High Wycombe. England) with the condyles 
standing on the platform and the cross head lying 
on the femoral head. A vertical bending load was 
applied at a speed of 5 mm/minute and the load 
deflection curve registered using a plotter (Instron 
Ltd.. High Wycombe. England) (Fig. 1). The load 
readings at a 5-mm deflection were less affected 
by the choice of the zero point than the 2-mm 
readings and were used in the analysis. The other 
bone of each pair was used for a separate study of 
experimental osteosynthesis. 

The computed tomograms were made on a 
General Electric 8800 scanner (General Electric. 
Milwaukee. WD using standard scanning proce
dures and parameters recommended for clinical 
scanning of the long bones (100 mAS and 120 
kV). The dissected bones were scanned without 
use of water baths. The calibration of the equip
ment was done daily, and the drift of the values 
was found to be negligible. The measured Houns-
lield units (HU) correlate linearly with a given 
density, e.g.. mineral equivalent. 4" Therefore. 
HUs were used directly as an expression of rela
tive bone density. 

A single 10-mm slice was scanned in two sites, 
the trochanteric cervical and condylar areas (Figs. 
2 and i). For cancellous bone, the mean density of 
all pixels with CT values between 50-500 HU was 
measured. For cortical bone measurements. 500 
HU was used as the lower limit. This excludes the 
need for manual drawing of a region for which the 
density is to be measured and thus eliminates the 
error that may be caused by imprecise delinea
tion. The advantage of this approach is the acqui
sition of more precise and reproducible values. 

RESULTS 

Bending strength of intiic! femur. The 
maximal load at fracture varied from 2750 to 

292 
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% l ( > (median. 5 4 W N). Thir ty- four o f 36 
femora f ractured ver t ica l ly in the femora ! 
neck (b ig . 4) wh i l e one f racture occurred 
subtrochanter ical ly (at % 1 0 N load ! and the 
other at one midshaft (at 3240 N l . In one 
case a gradual compression o f the femoral 
head was observed before the neck fracture. 
The load required to bend the femur 5 m m 
was 33(14 ± 1041 N (mean i I SD). There 
was no difference between the sexes. How
ever, the female femora eventual ly fractured 
at lower loads. 4923 ± 1402 N whereas the 
male bones fractured at 6728 ± 1991 N I t -
test, p <0 . ( )1 ) . 

In 24 femora the load deflection curve was 
relat ively l inear at a 5 - m m def lect ion and 
had a gradual curv ing thereafter w i thout an> 
y i e l d i ng p o i n t . A y i e l d i ng po in t cou ld be 
ident i f ied in on ly six cases. The calculated 
stiffness at 5 m m was 618 ± 304 N / m m . The 
max ima l deflect ion o f the cross head varied 
f r om 5.5 to 17.9 m m in the cases o f pure 
cervical fracture. In three other cases the de
flections varied f rom 17.5 to 32.6 m m . None 

kN| 

l-'ii;. I. A typical load deflection m m - Up
loads were registered at deflections ol .1 .mil > mm 
at fracture which, in this case, occurred at :i 'o.itl 
of 4.8 kN. Stillness (load/detleelionl was .-.-'leu 
kited at 5-mm deflection. 

o f the measured values gained in homogene 
ity when bone length was used as y u » r n 
t ion factor. Body weights were not a* ail-ibie 

Fleis. 2A-C. (A )CT localizer image of the distal end of the lemur showing the position of the slice used 
for bone density measurement. The dotted line shows the middle ol'the 10-mm slice corresponding lo i he 
aspect of the posterior medial condyle as projected on the anteroposterior fi lm. (B) The femoral eond> Un 
CT slice. (C) The while area includes the pixels with density from 50 to 500 HLI. The bone density is 
expressed as the mean of these values. 
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[•'ni. .1. (A) Seoul wcw of [lie proximal 
("I" scan. The dotted line shows the mid
dle ol' the l()-mm slice corresponding to 
the miiicen ical height. (B) The trochan-
tcricHCmcal ( I slice. (C) The white re
gion represents cortical hone with density 
aboic 511(1 HI'. The gray area in the mid
dle represents cancellous bone. 

Hone mineral content in relation to the 
mechanical strength. The reproducibility of 
the ( T determinations was best in the con
dylar area. The HU corresponding to the 
bone mineral of the condylar area were 21 I 
± 52 units for women and 247 ± 48 units lor 
men (1-test. p < 0.01). Pairwise. the trabecu
lar bone mineral density of the right and left 
distal femoral metaphyses showed a highly 
significant correlation (r = 0.90. p < 0.001). 
The density values of femoral neck and con
dyle measurements and products (density 
x area) are given in Table 1. 

A highly significant correlation (r - 0.65. p 

< 0.001) was established between the maxi
mal bending strength of the lemur and the 
cervical cancellous bone density. In contrast, 
the correlation between strength and cervical 
conical bone was not significant. When the 
cervical cancellous and cortical densities 
were weighed by the respective areas and the 
products summed, a highly significant corre
lation (r =- 0.79. p < 0.001) was established. 
A highly signihcanl correlation (r ^ 0.6X. p 
< 0.001) also was established between the 
trabecular hone density of the dista' emur 
and the maximal bending strength of the 
lemur (Fig. 5). Likewise, the product (con-
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dylar density x condylar area) showed a sig
nificant correlation with strength (r - 0.75. p 
< 0.001). 

Use of the length of femur as a correction 
factor did not improve the correlations. 
However, an association was established be
tween the bone length and trabecular bone 
mineral content (chi-square test, p < 0.02). 
Poor correlations were found between the 
bone mineral content and loads at 2- and 
5-mm deflections (r - 0.21 and 0.25. respec
tively. p>0.05; Fig. 1). 

DISCUSSION 

The present study obtained basic data for 
an analysis of the risk of femoral neck frac
ture in osteoporotic bone. Loading of the 
femur axially resulted in a fracture of the 
neck in 34 of 36 cases. The fractures resem
bled the type of fracture sustained in a high-
energy longitudinal trauma' rather than the 
common low-energy trauma where a tor
sional component is present. 

This sample may not be representative of 
an average elderly population because men 
and women were represented equally. The 
large variations of strength and bone mineral 
content, however, reflect the wide variation 
of these parameters in elderly persons. The 
highest strength value. 9600 N. was 3.5 times 
higher than the lowest one's value, and the 
variation of bone mineral content values was 
two-fold. The bone density and strength 
values were significantly higher in the men 
than in the women, a finding consistent with 

FlCi. 4. In 34 of 36 cases the femur fractured in 
the neck under vertical loading. Holes in the head 
and greater trochanter are due to sampling for 
biochemical bone mineral determination alter the 
mechanical testing. 

more extensive osteoporosis in women than 
in men. The lowest values. 2750-3000 N. 
were not far from the critical level of sponta
neous fracture. According lo Pauwels." the 
load on the femur at walking ma\ he five to 
six times the body weight. A low mineral 
density increases fracture risk, which is asso
ciated with its absolute level, although frac
tures occur in only a small number of the 
individuals at risk/ 

TABLE 1. CT Density and Mass Values (Density x Area) of Femoral Cervical 
(Cancellous and Cortical) and Condylar Bone 

Den sue r HO . l / i» 

Meim • .SV) Rdilxe Mean ± SD Runge r' 

. l / i» 

Meim • .SV) Rdilxe / • ' 

163 ± 60 
857 ± 74 
••27 ± 84 

8 . - 3 2 1 
712-970 
:58 -364 

0.65 
0.29 
0.68 

2042 + 715 
3461 + 1584 
6667 -< 277(1 

9(11- 3626 
8 0 7 - 6582 

1903-13555 

0.73 
0.69 
0.75 

Cervical cancellous bone 
Cervical cortical bone 
Condvlar bone 

1 Correlation with the a* strength 
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Flu. 5. The correlation between the bone min
eral content of the condylar area and maximal 
bone strength was highly significant. Individual 
observations and regression lines are depicted. 

The cancellous bone mineral density of 
both the distal and proximal femur were sig
nificantly correlated with the maximal bend
ing strength of the femur. The strength of the 
calcar was important judged on the basis of 
the fracture pattern medially (Fig. 4). How
ever, the cervical cortical bone density did 
not correlate with bone strength. 

The grade of osteoporosis should be evalu
ated as the treatment is planned. The Singh 
index has been suggested as a clinically appli
cable method for such evaluation.16 How
ever, subjective variations that reduce the 
predictive value are inherent in this test. 6 1 3 

Two other methods used in clinical investi
gation of osteoporosis may be used for pre
diction of the fate of an osteosynthesized 
femoral neck fracture. These methods are 
photon absorptiometry2•" and CT.' 3" 1 5 CT is 
a routine procedure in many hospitals and 
may be more convenient than photon ab
sorptiometry for logistic reasons. The easily 
accessible femoral condyles are as useful for 
determination as the neck itself where the 
fracture usually occurs. 

Dalen el a/.-1 reported a significant correla
tion between the mechanical strength and 

mineral content of the femoral neck assayed 
by X-ray spectrophotometry in cadaver 
bones. Leichter el at? established a relation
ship between the mechanical strength of the 
femoral neck and the bone mineral content 
of the greater trochanter as determined by 
photon absorptiometry. In a clinical study. 
Bohr and Schaadt: found that the bone min
eral content of the femoral shaft determined 
by dual photon absorptiometry was predom
inantly reduced in women with femoral neck 
fractures. The present study shows a correla
tion between the bone density of the distal 
cancellous area of the femur and proximal 
fractures in which a cortical strength compo
nent appears to be important. According to 
Hirsch and Brodetti.5 the cortical bone bears 
approximately 60% and the cancellous bone 
approximately 30% of the weight load in the 
femoral neck. This study did not establish a 
significant correlation between bone strength 
and cervical cortical bone density. 

The highly significant correlation of the 
strength of the bone with fracture in the fem
oral neck and the bone density in the other 
end of the femur led to a more detailed anal
ysis of bone mass distribution of the femur. It 
was postulated that the structural mass of 
long bone in longitudinal units (slices) is 
evenly distributed longitudinally. HU per 
pixel represents bone density (g X mm"-'). At 
the same time, due to the constancy of the 
thickness of the slice, the dimension may 
also be expressed as g x mm ' = g x mm : . 
Thus HU X bone area represents the bone 
mass ir slice. 

As an approximation of mass density X 
area for the cervical cancellous and cortical 
bone and the condylar cancellous bone was 
calculated. These values had higher correla
tions with the axial loading strength of the 
femur than the density values. The sum of 
cervical cancellous and cortical bone mass 
and the condylar bone mass was nearly 
equal. 

Area moment of inertia of a structure is an 
even better parameter of its strength than its 
mass. The complicated calculation of the 
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combined area moment of inertia of cervical 
cancellous and cortical bone was not per
formed. The approximation calculated 
above suggests that the peripherally located 
cervical cortical mass has greater importance 
than the central cancellous bone mass. The 
cancellous bone is not unimportant, how
ever, with a mass of 37% of the total cervical 
slice mass (Table 1). This figure is similar to 
that reported by Hirsch and Brodetti/ 

In a theoretical, idealized situation, a long 
bone may be thought of as a network of bone 
in the form of a cylinder, equally strong at 
each level. However, due to the different 
stresses acting at each site and the require
ments of articulations and muscle insertions 
in the human or animal femur, the mass and 
strength are distributed between cancellous 
and cortical bone with similar functions. 
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Rotational strength of the femoral neck 
Computed tomography in cadavers 

Torstein Husby1, Arne Høiseth2, Antti Alho1 and Helge Rønningen1 

The mean bone density o f the femur at different levels was determined by means o f 

quantitative computed tomography (QCT) in 50 pairs of norma! cadaveric femura 

and related to the rotational sirength of the femoral neck. Al l the femora fractured ver

tically and spirally in ihe neck. The bone-mass-related measures at different levels 

were calculated from QCT densities and volumes, CanceHous lione was defined wiih 

threshold limits ranging from 50-500 Hounsfield units 1 Hu) . and attenuation values 

exceeding 5(X) HU were assessed as cortical bone. The recorded QCT mass-related 

measures of cortical and cancellous bone separately and as total bone masses gave 

significant right/left correlations. Correlations were found between ihe ultimate tor

sional strength of the femoral neck and QCT recordings of bone mass at all the fem

oral levels. The best correlations were demonstrated between the rotational sliengi'i 

of the femoral neck and the total bone-mass-relaled measures in the femoral shaft and 

condylar area. 

Bone mass of the femur measured by computed tomography may become useful 

as an index of the mechanical strength of Ihe femoral neck. 

Ear l ier studies have shown good corre lat ion beiween 

quant i tat ive computed tomography ( Q C T ) measure

ments o f bone mass o f the femur and the ul t imate 

shearing force at fracture in the femoral neck when 

tested in axia l loading ( A l h o et at. 1988 A , A l h o e t al . 

1988). The purpose o f the present sludy was to invest i 

gate the value o f computed tomography in assessing 

the apparent density and mass-related measures at d i f 

ferent levels o f the femur, related to the ul t imate tor

sional strength o f the femoral neek. 

Material and methods 

Fi f ty pairs o f normal cadaveric femora (74 ± 12 years, 

w e i g h t 5 ( ) ± 14kg , height 163 ± 10cm I m e a n ± SDK 32 

females, 18 males) were removed and str ipped o f soft 

tissue and stored at - 1 8 °C in sealed plastic hags be

tween the experiments. One femur f rom each pair was 

used in the mechanical lest. Ten-m i l l imc te r - l h i ck 

computed- tomography slices were scanned through 

the femoral head, neck, trochanier. mid-d iaphys js . and 

Orthopedic Service1 and Department of Radiology. Ullevål 

Hospital. University of Oslo. N-0407 Oslo 4, Norway 

condy lar area - nine Q C T slices per specimen (Figure 

I ) . A l l the specimens were examined w i t h a G E 880(1 

scanner (General Elect r ic , M i l waukee, Wiscons in) us-

ings ing le energy! 1 2 0 K v . 100 m A s I. The Q C T assess

ments were per formed w i ihou t cal ibrat ion phantoms, 

because the system is considered to he stable. Kueg-

seggerel a l . (1981) reported a reproduc ib i l i ty o f about 

0.3 percent when recording Q C T on trabecular bone. 

The pos i t ion ing o f the C T si ices were standardized us

ing a local iz ing image. 

The femoral heads were cemented in polyurethane 

blocks to fit in to the test ing machine ( Inst ron Mach ine . 

5 ton . Universal Test ing Mach ine , lns i ron L i d . . H i g h 

W y c o m b e . Bucks. England) . Prior to cement ing , the 

femoral heads were penetrated w i t h two 2 -mm Stein-

mann pins to avo id s l ipp ing on the bone-poly uret hane 

interface. The anter ior and poster ior surface o f Ihe po l 

yurethane blocks were paral lel to ihe femoral d iaphy-

sis, and the rotat ional axis co inc ided w i t h the center o f 

the femoral neck. The femora were then mounted on 

the Instron machine, and w i t h the diaphysis f ixed hor i 

zonta l ly , the femoral heads were rotated at a speed o f 

() .26r/min( l5° / rn in) unt i l fracture (Figure 2). The load 

and angular deformat ion were recorded on an X - Y 

wr i ter . M a x i m a l torsional moments were calculated 

for each specimen. 

The recordings o f densi ty in Hounsf ie ld units ( H U ) 
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Figure i CT slices through the femoral head (A}, mtd-diaphysis |B). and condyle (C). 

and bone \oiunic w,erc performed as described earlier 
(Alhncta 1 11>KU). Due to the partial vulume etlecl.no 
distinction was made between cortical and cancellous 
bone on the CI slices of the femoral head, shaft, and 
comhles. the I'-we; densin limit being 50 HU. In the 
slices ol the femoral neck and trochanteric region, cor
tical and cancellous bone could be distinguished. The 
threshold limit S(l() III' was based on a visual pilot 
stud\. In the femoral neck and trochanteric ren ions. 

mean density and volume were also recorded tor the 
combined cortical and cancellous bone. The density-
related measure was expressed in HU. Mass-related 
measure (MRM) was derived from multiplication ol 
mean density times volume. 

The following Pearson correlations were made: ;0 
right with left for each CT parameter, hi intercorrela-
tions with all the CT parameters, and c) CT parameters 
with the rotational strength. 

Figure 2. The femoral head was 
cemented in a polyurelhane 
block and subjected to rotation in 
an Instron macnine. 

file:///oiunic
http://etlecl.no
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Results 
All the femora fractured vertically and spirally in the 
neck at an ultimate torsional moment of 74.6 ±28.2 
Nm (mean ± SD). The MRM correlated significantly 
from side to side at all the locations. The right/left cor
relations were .highest in the mid-diaphysis (r= 0.98, 
P < 0.001) and lowest in the femoral neck (r = 0.75. P 
< 0.001). The bone MRM measures were higher in 
men than in women (Table I}. 

The correlations were highly significant when com
paring MRM of the femoral head versus shaft (r = 
0.87. P < 0.001) and condylar area (r= 0.83, P < 
0.001) and comparing the femoral shaft versus the con
dylar area (r= 0.87, P < 0.001). Comparing CT slices 
through bone with similar structure, like the trochan
teric and the condylar area, there was a gradual in
crease in MRM from the proximal to the distal end. 

The best correlations were found between the ulti
mate lorsional strength of the femoral neck and the 
MRM in the femoral head, neck, mid-diaphysis, and 
femoral condyle (Table 1, Figure 3). In the femoral 
neck area, we recorded higher correlations between the 

Diaphyseal MRM in HU x 10* 
13 

10 50 90 1 30 170 
Ultimate lorsional moment of femoral neck (Nm) 

Figure 3. Simple correlation Detween bone-mass-related 
measure of mid-diaphysis of the femur and theultimate torsional 
moment of the femoral neck (r= 0.71). 

Table 1. Bone-mass-related measures (MRM) in ihe femur correlated to ultimate rotational loading of the lemoral neck. Mean SD 

Region Male(HU) Female (HU) . Combined F/M Correlation with 
ultimate torsional 

load 

H u d 
total H 5889 1273 3538 1177 4401 1658 0.65" 
total P 6655 1418 4207 1257 5106 1767 0.58. 
cortical H 4677 1031 3203 1291 3596 1379 0.57 
«pongy H 2257 397 1912 991 2007 875 0.06 

M a * 
total H 7564 1240 5092 1711 5751 /93r 0.4l] 
cortical P 2199 586 1577 617 1801 796 0.57 
«pongy P 1610 446 1154 267 1321 4KJ 0.48' 

Trochanter 
total 6719 1518 4624 1413 5382 1760 0.57| 
cortical 3670 1305 2397 1297 2650 1444 0.52 
spongy 2886 900 2254 703 2482 029 0.26 

Oaphyais 
total 8 6 » 1353 6047 1356 6996 1855 0.71 " 

Condy» 
proximal 7973 2014 4609 1009 5280 2309 0.64^ 
mk) 9524 2290 6010 2277 7275 2829 0.65„ 
dktal 10,560 2420 6838 2170 8206 2007 0.64 

•P< 0.05, "P< 0.0O1, H . CT «He» In the horizontal plar», P - CT «Dee perpendicular to the femoral neck. 
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Table 2. Bone density (HU) correlated with ultimate rolalional strength of the femoral neck. Mean SD 

Rtgion Mala Famala Mala and famala Correlation with 
rotational strength 

Famoralhaad 346 57 268 75 30S 74 0.46 
Famorainacfc 428 78 378 104 387 SB 0.30 
Trochanter 344 «2 324 58 332 «0 0.32 
Mid-daphysic 1406 156 1266 211 131» 204 0.32 
MH<ondy1a 264 e* 217 S 234 M 0.32 

ultimate torsional strength and corticai bone MRM 
than for the cancellous MRM (Table 1). 

We also correlated ultimate torsional strength with 
the bone density lor both cortical and spongy bone and 
mean bone density (Table 2) separately, but did not at 
any level of the femur achieve as high correlation val
ues as when using the total bone MRM. 

The unweighted least squares regression test dem
onstrated that the bone MRM was a better predictor of 
the ultimate rotational strength of the femoral neck 
lhan age. height, and weight of the patient (P< 0.01). 

Discussion 
Several studies have demonstrated correlations be
tween bone structural or mechanical properties and 
quantitative computed tomography recordings. Most 
reports have addressed the value of QCT recordings of 
trabecular bone (Ruegsegger et al. 1981, Genant and 
Boyd !977,AdamsetaI. 1982), and some have related 
these data to mechanical properties (Bentzen et al. 
1987. Leichteret al. 1984). The present study showed 
better correlations between the ultimate torsional 
strength of the femoral neck and the cortical bone 
MRM than for the spongy bone MRM. This may indi
cate that cortical bone in the femoral neck contributes 
more to mechanical strength than the spongy bone, in 
contrast to the anatomy in the trochanteric region. In 
osteoporotic women, cancellous bone disappears 
more readily than cortical bone; perhaps this explain1-

the fact that the cervical/trochanteric fracture ratio de
creases with age {Eriksson and Widhe 1988. Falch et 
al. 1985). 

We have previously shown that QCT density re
cordings, especially in the femoral condyles, correlate 
with the ultimate bending force in the femoral neck 
(Husby et al. 1987). Esses et al. (1986) found a highly 
significant correlation between the force required to 
create a subcapital femoral neck fracture and the mean 
OCT density measure in the midcervical region. Our 

present report shows that when incJuding the total CT 
slice volume to obtain a bone-mass-related measure 
the correlation with the mechanical rotational strength 
of the femoral neck increases. Also, it is possible to de
termine the relative share of cortical and cancellous 
bone separately. This accords with the increasing in
terest in the cortical as well as the spongy bone as the 
most informative parameter for QCT data when relat
ed to bone mechanical properties (Erikson et al. 1988). 
Our results also indicate that QCT recordings, not only 
through the femoral neck, but even more so through the 
mid-diaphysis and condyle, predict the ultimate rota
tional strength of the femoral neck. The explanation 
for this is not quite clear. It may be more difficult to ob
tain standardized projections in the femoral neck area 
due to different inclination and anteversion angles and 
the varying size of the specimens. Alhoetal.( 1988) re
ported that ultimate bending strength of the femoral 
neck correlates with QCT recordings of the femur. 
These findings are confirmed in our present rotational 
model. 

The clinical implications of our findings are not di
rectly obvious, due to the fact that the friction is very 
low in a normal hip joint, and the acetabulum offers 
negligible resistance to torsion of the femoral head. 
However, ourmodei strongly confirms the earlier find
ings that QCT correlates with bending strength of bone 
(Alhoetal. 1988,Bentzenetal. 1987). Itseemsimpor
tant to achieve a thorough understanding of QCT as a 
mapping instrument of bone properties considering 
both axial and rotational forces in themselves. Indeed, 
rotational forces may play aclinical role after a subop-
timal reduction/fixation of a femoral neck fracture. 
From earlier experimental studies, we know that QCT 
correlates with the bending strength of a femoral neck 
osteosynthesis (Husby et al. 1987). 

The mass-related measure tends to increase as one 
moves distally in the femur (Alho et al. 1989). Interest
ingly the MRM increases in the distal direction even 
within the condyle. This may reflect the fact thai the 
bone density increases rapidly when approaching the 
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subchondral bone (Hvid and Hansen 1985). and ad
dresses the findings of Roux {1881) stating that the di
mensions of bone correspond to the physiologic de
mands. 

Our highly significant right/left correlations of QCT 
recordings indicate the high precision of the method, 
as stated by others (Ruegsegger et al. 1976, Reich et al. 
1976. Peck 1983). Earlier reports have mainly dealt 
with CT measurements of mean density within a de
fined volume of bone, thus including both cortical 
bone and bone marrow (Mazess 1983, Bentzen et at. 
1987). Our approach, by defining a lower density 
threshold limit, may. to some extent, reduce this error. 
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Quantification of bone mineral measured by 
single-energy computed tomography 

Torstein Husby1, Arne Heiseth2, Frode Haffner3 and Antti Alho1 

Twenty cadaver femoral condyles were examined wi l l i .singlc-energ) quiimituted 
computed tomography (QCT). ;iml the composition of the hone scanned was ana
lyzed ehemically. The calcium eoneeniraiioii correlated well wublhe QC'T density!/ 
= l).X«./*<0.(HH i. The highest correlation was recorded between the total calcium 
content in the scanned slices and the hone mass-related measures recorded hvQCT l r 
= IJ.'Jd. /•*< D.OOl). Single-energy computed tomography thus provides an accurate 
measure of total bone mineral content. 

Computed tomography has been appl ied to bone m i n 
eral quant i f icat ion in several research centers (Genant 
and Boyd 1977. Bentzen 19K6). H igh correlat ions have 
been recorded between mechanical properties o f bone 
and computed- tomography attenuation values (Bent 
zen c i a l . 1987. A l h o ei a l . 19..8). T o reduce Ihe main 
sources ol errors, e.g., beam hardening and part ial vo 
lume effect, the appl icat ion o f dual-energy computed 
tomography has been suggested (Gcnani and Boyd 
1977. Adams et al . 1982). 7: i is study was undertaken 

I D investigate the accuracy o f single-energy computed 
tomography as a measure o f bone mineral content. 

Material and methods 
Twenty cadaver femora (Table 1) were removed, 

str ipped o f soft tissue, and stored at - 1 8 T i n sealed 
plastic bags between the experiments. Ten -
mi l l imeter - th ick computed tomography slices were 
Liken through the midcondy la r area, and the scanned 
bone slices were marked. A l l the specimens were 
scanned w i th a G E 8800 (General Electr ic , M i l w a u 
kee. W l . U S A ) using 120 K v . 100 m A single energy. 
A l l Ihe quant i tat ive computed tomography ( Q C T ) re
cordings were done consecut ively dur ing I day w i t h -

(Mhopcdic Serv ice' and Department of Radiology", U Ilcv&l 
I lospital. Oslo I 'niversity. and Lier Hospital \ Norway. 

"urrcspondence: Dr. Torstein Husby. Kronprinsesse 
arthas Kl inikk. Jorgeii Lovlands gt. 2. 0570 Oslo 5. 
rw;i \ . 

out cal ibrat ion phantoms, since the system is stable 
(Husby et al . 1989). In the Q C T slices no d is t inct ion 
was made between cor t ica l and cancel lous bone. T o 
exclude fat and other soft t issue, the lowest density 
l im i t was set to 50 C T number (CTno) . 

The mass-related measure ( M R M ) was der ived 
f rom the equat ion: M R M (CTno) = mean density 
(CTno/cnr ) x C T vo lume ( c m ' ) . The C T vo lume o f 
each specimen was calculated by the computer w i t h a 
lower threshold l im i t o f 50 C T n o . and represents the 
bone-matr ix vo lume (total slice vo lume - soft tissue) 
used in the respective mass calculat ions. The 10-mni 
scanned condylar slices were marked exact ly along the 
central laser tracer. In ihe frozen cond i t ion the slices 
were neatly cut w i t h a band saw 5 m m to each side o f 
the marked central l ine. T o calculate Ihe exact total vo 
lume o f the scanned bone, each bone sl ice was weighed 
in air and suspended in dist i l led water on a microana-
ly t ic balance ( A r n o l d 1960). The bone slices were dis-
soh'-'d in equal vo lumes o f concentrated hydroch lor ic 
acid. The supernatant fat was pipetted of f . and the re
mainder was d i lu ted w i t h de i on i / ed water. To ta l ca l 
c i um (calc ium mass o f the slice) was measured in t r ip 
licate forcaeh sample using an atomic absorpt ion spec
trophotometer (Perk in Elmer 11(H)) under standard 
condi t ions (T ietz 1970). The fat was dissolved and as
sayed for tut. It contained nodetcctable amounts o f ca l 
c ium. Pearson correlat ions and scatter plots were made 
between ca lc ium concentrat ion (ca lc ium mass/vo
lume) and Q C T densi ty , and ca lc ium mass and M R M , 
respect ively. Unwe igh ted , least-squares, l inear-
regression analysis was per formed when appropriate 
correlat ion coeff ic ients and scatter plots were record
ed. 

Results 
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Table 1 Descriptive statistics tor 20 cadaveric femoral condyles used in the experiments. Mean SD 

Women (n 10) Men (n 10) All 

Age of specimen 77 10 71 13 74 12 
Volume slice (ccm) 35 6 45 4 40 7 
Fat (volume percent) 56 10 54 6 55 9 
Calcium (mg/mL) 66 13 64 14 65 13 
Calcium mass (mg) 2,405 520 2,917 732 2,661 703 
QCT Density (CTno/ccm) 248 61 260 64 254 61 
OCT mass value (CTno) 8,0302,362 10,560 4,037 9,294 3.470 

Computed tomographic 
density (CTno/ccm) 
380 

300 -

220 

140 

QCT mass (CTno x 104) 
1.9-

0.9-

r = 0.89 

0.4 
r = 0.96 

40 60 80 100 
Calcium concentration (mg/mL) 

1.9 2.5 3.1 3.̂  
Calcium mass (mg/mL x 101» 

Figure 1. Scatter plots illustrating that the high correlation between calcium concentration and QCT density is enhanced WMRP WJ.. 
mass values for both parameters. 

Dala were analyzed separately tor the men and wom
en, hut the only noticahlc difference (P<0.001.nest) 
was found in volume, and therefore in calcium mass 
antl QCT bone mass (Table I) There was no correla
tion between the fat content and sex (/= 0.14). There 
were high correlations between QCT density meas
ures and the calcium concem/ation (r = 0.89, P < 
O.tXH). The highest correlation was recorded between 
the calcium mass value and the QCT bone-mass-relat
ed measure (r= 0.96. P < 0.001). Scatter plots were 
made between all the above parameters and fitted well 
into a linear regression model (Figure I). Linear re
gression analyses yielded the following relationship: 

Ca mass = 0.20 x MRM + 857; 
Ca concentration - 0.20 x CT density + 15.0. 

Discussion 

Wefound ahigh correlation between Q(Tdcnsit>• i»•=« 1 
the calcium concentration of the femoral condyle, am! 
even higher between the respective mass values. 7 In-
may seem strange, but we want to emphasize thai the 
CT volume is an approximation of the internal nunc 
volume (bone-soft tissue), whereas the calcium mass i 
calculated from the physical volume of the slice. Out 
technique, by setting a lower threshold limit of 5P 
CTno for bone recordings, does not totally exclude IIIL 
soft tissues. However, our approximation is based on 
empirical findings from pilot studies and avoids ik 
problem of manual diawing of an area of inlcre-.i 
which would be even more sensitive to individual. i 
rors. There have been numerous reports of QCT u r 

bone mineral content in vivo (Cann and Gcnani l l W 
Isherwood IV76. Orphanoudakis et ai. 1979). Ret-! 
tively few in vitro studies have been made in v, hich the 
QCT of bone mineral content has been comparen A ill -
the direct chemical analysis. Reich ct al. (l(Wi< 
scanned cadaver tibiae and fibulae and measured ih»-
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amount of calcium in the scanned slices. A highly sig
nificant positive linear correlation was found. Similar 
findings are reported for the human tibia (Revak 1980) 
and in the long bones of dogs (Posner and Griffiths 
1977). These studies have mainly concerned cortical 
bone, and the high order of correlation between com
puted tomography attenuation values and calcium 
concenirat ion was to be expected because of the homo
geneous s:ructure of cortical compared with cancel
lous bone. Bradley (1978) assessed trabecular bone 
density in cadaveric lumbar vertebra by QCT and 
found a highly significant correlation between bone 
mineral content and QCT attenuation values. Genant 
and Boyd (1977) suggested thai the presence of fat 
would modify the attenuation of trabecular bone, and 
that the dual energy technique would be needed to re
solve this problem. Bone-mass determination has also 
been assessed from microradiographs by computer-
assisted videodensitometry (Strid and Kalebo 1988). 
The method seems convincing when applied lo homo
geneous cortical bone, but needs further investigation 
of the long bones of the appendicular skeleton includ
ing fat. cortical, and spongy bone. In contrast to these 
papers, our study took both spongy and cortical bone 
into account, setting the lowest attenuation threshold 
limit to 50 CTno lo exclude the fat and soft tissue. This 
accords with other groups (Eriksson etal . 1988). who 
stale (hat the combined recordings of both cortical and 
spongy bone are of interest when correlating the bone 
mineral content with mechanical properties. Reich et 
al. (1976) were also using the CT single-energy tech-
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Early loss of fixation of femoral neck fractures 
Comparison of three devices in 244 cases 

Torstein Husby, Antti Atho, Lars Nordsletten and Wilhelm Bugge 

In successive scries of displaced subcapital femoral neck fractures in the elderly, we 
operated on 75 cases with three Oouffon screws, 04 with three Mecron screws. ;iml 75 
with two von Bahr screws. Redisplaeemcnl u ilhin .1 months occurred in 20Cioulfon 
eases. 11 Mecron cases, and 12 von Bahrcnses. poor reduction contributed to the fai
lures in all the groups. Although the reduction results in the three groups u ere similar, 
the Metro» group had heller fi.xalioii and heller social recuvm than the Goulfon 
group. We concluded that, in addition to good reduction of the fracture, solid screws 
also contributed to the stability of the bone-implant construct. 

Noconsensus has been achieved concerning the osteo
synthesis implants in subcapital femoral fractures 
(Barnes etal. I «76. Frandsen 1979. Hogh et al. 19X2. 
Slappaerts 1985). In long follow-up studies the results 
deteriorate gradual Iy (Massie 1973). but the frequency 
of failure is greatest in the early postfixation phase in 
the elderly (Stappaerts 1985). Frequencies of early 
failure of retention between 14 and 24 percent have 
been reported I Barnes et al. 197A. Brown and Court-
Brown 1^79. Stappaerts 19K5). 

Because stable early fixation is essential for an opti
mal late result, we studied Ihis problem in an elderly 
population with reference to the social prognosis. 

Patients and methods 
We analyzed three consecutive series of elderly pa
tients treated in 1984-86. The study was prospective. 
Al l the patients were operated on with the same meth
od in a limited time period, one series following suc
cessively the other. Seventy-five fractures were oper
ated on w ith three Gouffon screws (Howmedica. shank 
diameter 4 mm, w ing diameter 6.4 mm), 94 with three 
Mecron screws (Mecron. shank diameter 5 mm. wing 
diameter 7 mm), and 75 with two von Bahr screws 
t shank diameter 5 mm, wing diameter 7 mm>. The op
erations were done through a 2-cm skin incision. Tech-

Orthopeilic Service. I'llevnl Hospital. University of Oslo. 
Vmn7<)sh>4. Norway 

nically. we aimed at calcar support medially for the 
distal screwl s). The proximal screw was put in as a lag 
screw (Figure 11. The series were similar concerning 
sex distribution and age. The social status at admission 
showed marginal differences (Table 1). Al l the frac
tures were displaced Garden ^ and 4. 

Seventy-eight percent of tK patients were operated 
on wiihin 24 hours, and '-'4 percent within 3 days after 
the injury, with the liming being equally distributed 
within the groups. All Ihe patients were allowed to bear 
full weight on the fracture immediately after the opera
tion. 

The results of fracture reduction were evaluated 
from the postoperative radiographs. In the AP view the 
varus/valgus tilt was assessed. In addition, the calcar 
neb of the proximal fragment was considered engaged 
when Hush or proximally reduced in relation to the dis
tal fragment of the femoral neck. The neb was consi
dered disengaged when displaced distally. In the axial 
view the reduction was assessed as neutral when the 
midline of the femoral head tilted less than 5°toeither 
side in relation to the axis of the femoral neck (Table 
2). The results of the treatment were controlled clini
cally and radiogruphically t and 12 weeks after the in
jury. 

Results 
The postoperative reduction results in the three groups 
showed only marginal differences in varus/valgus and 
posterioriilting (Table 2). The medial nebengagement 
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«a-- somewhat beller in Ihe tiouflon and Mecu» 
I; roups when compared with the von Kahr yronp (/' 
0.05. thi-sLjuaiv lest). The operation lime in the (Tout 
Ion and \on Bahr groups was shorter than in the Vk\ 
ii m yroupi r< 0 001, /-test. Table I). lite lime us-.--
lo reduce ihe I raeture on the traction table was noi r.-
corded s\siematicall\. 

The combined m tett ion frequenty w as similar in ilk 
groups. average 2.2 percent, the deep infection*, '.u-i. 
I (* percent (Table 11. 

The i|iialit\ of the osteosyntheses (screw posmoi, 
my(showed ITKIIspinal differences(Table .Ij.'lhc mos 
interestinii difference was a hfticr medial calcai sup 
port in ihe ( ioLitton iinuip as compared with the Vl<, 
ion .md von liahr yroups it* < (1.(15. chi-squaic le-*] i 

In the (iiiiil'ton jiroup. there were 20 eases ol i\u h 
tedisplacetnent due lo mechanical failure (Table I 
litis was more Irequenl than in the other proups i/ 
uos.«.hi square test). 

All but two ol the redisplacements >• t ie nop. • r.< 
on with a hemieudoprosthesis (12 I ratlines). loiai h 
O Iratluresi. or rcosieosuilhesis (4 fractures!. 

Si\outol2(Hraclureswithearl) mechanical taiIm. • 
in ihe (ioul Ion y roup had a primary postopeian v eir. 
ahynnienldelineilas \arus/>l0 valgusaiul/or I.u k . ' 
medial ueheny.iueineni in the APview and/or n It nit; • • 
side \iew exceeding !> . In theMccron tiroupd/l I an-
in ihe \on Hahr group 10/12 patients with eaik n> 
'hatikal failure werepriinanly malreduced I i. I <<• 
optimal primai} leduction correlated posim,K > 
e.trK redisplaecnicut. 
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Table 3 Radiographic evaluation of screw position in 244 femo
ral neck fractures 

Type of osteosynthesis 

Gouffon Mecron vonBahr 
(n 75) (n 94) (n 75) 

APview: 
Screw position in femoral 
head (main vector), 
cranially/centrally/caudally 2/58/15 11/66/17 9/63/3 

Axial view: 
Screw position in femoral 
head (main vector). 
frontally/centrally/dorsally 9/53/13 21 /66/7 27/40/8 

Angulation screws vs. 
lemoral shaft 
< 1357135**-1457< 145' 2/53/20 4/71/19 5/57/13 

Screw parallel 
<±5 D yes/no 65/10 87/7 58/17 

Medial calcar support on 
distal screw (s), yes/no 67/8 65/29 51/24 

A l 3 months. 46 patients in the Gou f fon group were 

ainhutanl w i t h or wi thout crutches. Th is was less than 

in the other groups [!'< O.IK)I. ehi-square lest. Tab le 

I). 
In the Niceroii and the Gouft'on groups. 77 and 79 

percent of the patients were admitted from their 
homes, respectively, as compared with 63 percent in 
the von liahr group. After 3 months, only 43 percent of 
the patients in the CJouffon group and 53 percent in the 
von Bahr group were hack in their homes, with signifi
cant difference from 66 percent of the patients in the 
Mecron groups i / '< 0.05. chi-square test. Tahle I). 

Discussion 

The healing disturbances in subcapital femoral neck 
fractures are nfien divided into nonunion and laic seg
mental collapse. It is necessary to separate the early 
losses of relention within ~\ months, also called early 
fixation failures, from the proper nonunions. They rep
resent an entity in themselves, and appear in Ihe early 
healing period where the term nonunion is not correct. 
The early losses ol retention appear to have a relation 
lu the method of fixation I Barnes et al. 1976. Brown 
and Court-Brown 1979. Slappaerts |9K5l. They ip-
pcar also tit ha\e an association wilh the age ol ihe pa

tient {Stappaerl.s NHS), which nonunions may not 
have (Brown and Court-Brown 1979). 

Our female-male ralio was about 4; 1. or somewhat 
higher than in other reports (Linde et al. 19K6, Engesæ-
ler and Soreide 1985). However, in an epidemiologic 
study of hip fracture in Norway including 2,109 pa
tients, the female-male ralio was 4:1 (Falch et al. 
I9K5). 

The bone mineral content of the elderly is low com
pared with 'he average population (Husby et al. 
19K7b). The mechanical strength of the femoral neck is 
correlated with the hone mineral content, which is low
er in women than inmenlAlhoetal. 19X5). Thus, high 
age and high female-male ralio both accentuate the rate 
of primary mechanical failures, which are rare in the 
young. 

We found that the Mecron technique was more time-
consuming than the oilier devices, obviously because 
the Mecron screw is cannulated and has to he screw ed 
over a guide pin. We also used three Mecron screws as 
compared wilh the two von Bahr screws. The opera
tion time did not influence the moibidily postopera
tively in our study (Tabic 1). 

The difference in the re'ention results between the 
worst group I gouffon pins) and the best group I Mecron 
screw s). in spite of simi lar leduct ion resii lis in the three 
series, descnes attention. In our cadaver siudie.slHus-
b\ et al. l9K7a).the fixation with iwo von Bahr screws 
wilh a w ing diameter of 7 mm and a shank diameter of 
5 mm w as stronger than with three Gout Ton screw s (4-
mni shank diameter. 6.4-mm w Jug diameter) and 
Know les pins {shankdiuiiieter 3 mm. w ing diameter 4 
mm). Stappacrts (19N5 f reported a higher frequency of 
early fixation failures w hen less than s i \ Know les pins 
were used than when the number was si \ or more. Il 
seems obvious that screw s or pins w ith a diameter less 
lhan 5 mm arc loo resilient to maintain a strong tract ure 
fixation. 

Among ihe three types of osteosynthesis analyzed, 
three Mecron screw s gave the best results, w ith 12 per
cent early fixation failures. In a series w ith a hip com
pression screw and a parallel AOcancellous screw. the 
frequency of early redisplaeemeut w as 7 percent I Alho 
etal. 19HXI, not significantly different from the present 
result. In our cadaver study (Husby et al. l9X7a). two 
von Bahr screws gave as strong a fixation as the hip 
compression screw. 

The follow-up period in this study w as too short to be 
able to disclose all the healing problems. However, it 
seems obvious that an osteosynthesis that guarantees 
the best early result is favorable also iua longer follow-
up. 
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