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SUMMARY

EPIDEMIOLOGY

The number of hip fractures will increase enormously in the decades to come as will the cost of treatment of these patients
do. In the USA the annual cost has estimated to be nearly $10 billion.

Hip fractures, therefore, represent an enormous socio-economic and medical problem and challenge (orthopaedic) sur-
geons an anaesthetists to find the cheapest and most effective way to treat them. At the same time the search for preventive
measures should be continued. Biphosphonates and hip protectors seem to be able to decrease the risk of suffering a hip
fracture with 50%.

CLASSIFICATION

The first classification of femoral neck fractures, proposed by Abraham Colles, in displaced and non-displaced (impacted)
fractures appears to be still the most useful one. The Pauwels classification cannot be applied to the preoperative
x-ray, because the fractured leg is always in external rotation. The Garden classification is not reproducible and does not lead
us to the right treatment.

TREATMENT

Stability and healing chances of impacted fractures depend especially on age and general condition. In patients under 70
years of age without co-morbidity, the secondary instability rate after non-operative treatment is very low: 5%. In elderly peo-
ple with multiple co-morbidity secondary instability can go up to 80%. These patients are better served with primary opera-
tive treatment. Although the majority of surgeons feel good with a strategy of prophylactical internal fixation in all patients, this
author pleads for non-operative (early mobilization) treatment of all patients, who are healthy or have only one serious co-
morbidity.

There is consensus about the treatment of displaced fractures in patients under 65 years of age: closed reduction and
internal fixation. The best treatment for patients over 80 years of age is prosthetic replacement. In the (large) group of patients
between 65 and 80 years of age calendar age is not a reliable guide to the right treatment. There is a growing conviction that
the choice between internal fixation and prosthetic replacement in these patients should be made on the basis of the biolog-
ical age (ASA-score, habitat, the activity level, the need for walking aids and cognitive function). Bone density does not seem
to play an important role.

If internal fixation is the preferred treatment, the choice of implant is controversial. It is the author’s experience that frac-
tures with a steep fracture line (Pauwels 3) should be anatomically reduced and stabililized with a sliding hip screw. The less
steep fractures (Pauwels 1 and 2) can be slightly overreduced in valgus and anteversion, which provides a bony support
against shearing forces, and fixed with parallel screws according to the 3-point-fixation principle.

The timing of surgery continues to be a controversial subject. From a recent study in our own institution we concluded that
no significant association could be found between delay to surgery and the clinical outcomes. However, considering the trends
towards less complications and shorter length of hospital stay, early surgery (within 1 day from admission) is likely to be ben-
eficial for hip fracture patients who are able to undergo operation.

There is agreement about the use of the cemented arthroplasty. If a hemiarthroplasty is chosen, the bipolar type is to be
preferred to the unipolar type. The difference in price between both prostheses is negligible because the overall cost of the
treatment have gone up so immensely. Futhermore, a basic advantage of the bipolar system is the relatively small operation,
needed for conversion to a total hip replacement, because the stem can stay in place.

As to the question hemiarthroplasty or total hip replacement, the discussion has not yet been closed. We studied the nat-
ural history of the cemented bipolar hemiarthroplasty by evaluating 307 patients, operated between 1975 and 1989 in our
institution. Only 3 patients, who not have been revised, were alive at the end of the observation period (2004). A striking dif-
ference was found in the occurrence of late mechanical complications (aseptic loosening and acetabular wear) between
patients under 75 years of age (22%) and the older group of patients (6%). As to the patient’s overall satisfaction 56% suf-
fered no impairment from their sustained fracture, 36% were slightly impaired. We concluded that the use of the cemented
bipolar prosthesis is justified in patients over 75 years of age. Patients between 65 and 75 years of age should either be treat-
ed with internal fixation or with a total hip replacement.

NONUNION OF THE FEMORAL NECK

Nowadays in cases of nonunions of the femoral neck the surgeon is tempted to perform prosthetic replacement of the hip,
the more so if there is also evidence of a disturbed vascularisation of the head. This will provide rapid pain relief and mobi-
lization. However, long-term results of hip arthroplasties, especially in younger people and in presence of bone atrophy, are
not always as expected and a less radical approach is worth considering. The intertrochanteric valgisation osteotomy, described
by Pauwels is an excellent alternative for patients up to 65 years of age with a non-union of the femoral neck. A union rate of
80-90% is described by most authors. Leg length, rotational and angular deformities can be corrected at the same time.
Between 65 and 80 years a total hip replacement is probably the best option for fit patients. For elderly patients a cemented
bipolar hemiarthroplasty is an adequate treatment.
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A. EPIDEMIOLGY

About half of the fractures of the proximal femur are
located in the femoral neck. The frequency of this “sick-
ness of the aged” will increase enormously in the
wealthy parts of the world, where the number of old peo-
ple is growing very fast. Melton (1) estimated the glob-
al incidence of hip fractures to be 1.6 million in 1990.
This figure is expected to rise to 4 million in 2025 and
to 6.3 million in 2050 per year! In the late seventies of
the last century it became obvious that the increasing
number of hip fractures could not be explained by the
increase of elderly people only. Hoogendoorn (2)
amongst other authors pointed out that there was a rise
of the age-specific incidence as well, possibly caused by
osteoporosis, diminished muscle volume and neuro-
muscular response. Moreover, many frail patients are
kept going, even after serious illnesses, operations and
fracture treatment. Consequently they are exposed
(again) to falls. Suzuki (3) showed that co-morbidity is
frequent in these patients. He registered in 525 patients
with a femoral neck fracture respiratory problems
(29%), dementia (55%) and cardiovascular pathology
(68%).

In Sweden, the cost of treatment during the first year
following hip fractures has been calculated to be around
$ 420 million annually (4). In the USA the annual cost
has estimated to be nearly $ 10 billion (5). Hip fractures,
therefore, represent an enormous socio-economic and
medical problem and challenge (orthopaedic) surgeons
an anaesthetists to find the cheapest and most effective
way to treat them.

It is unclear up to now if preventive measures are
effective in limiting the “orthopaedic epidemic”, as it
has been described in the United Kingdom. Several pre-
vention strategies are available, the most effective being
bisphosphonates. Bisphosphonates may prevent up to
50% of hip fractures, especially in postmenopausal
women with established osteoporosis (6). A potential
alternative or additional preventive method is the hip
protector: special underpants with two protecting shells
at the level of the major trochanter. According to the ran-
domized controlled trial, performed by Lauritzen (7),
hip protectors may prevent about 50% of hip fractures
in a nursing home population. Disadvantage of the
method is the low compliance: less than 25% of the
patients is wearing the protector at the moment of the
fracture (7,8). Absorbtion of forces acting on the major
trochanter could take place as well at the other end of
the line: the resilient floor (9). Special attention should
be given to people with a limited visual power and those
with sedative medication.

B. CLASSIFICATION

Classification of fractures should provide a guide-line
for treatment strategies and give insight in the progno-
sis. Colles (10) diagnosed for the first time an impacted
(non-displaced) femoral neck fracture and realised that
the pathology of this stable type of fracture differed
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Fig. 1. Pauwels classification

essentially from the unstable displaced fracture, that was
well known since the description by Ambroise Paré. So,
Colles was the first who created a classification of
femoral neck fractures in what he called “incomplete”
and “complete” fractures. This classification makes
sense because the treatment and prognosis of these two
fracture types are different: the incomplete (nondis-
placed or impacted) fracture can be treated either non-
operatively (11) or with internal fixation (12) with good
results and a low rate of avascular necrosis. The com-
plete (displaced) fracture needs either internal fixation,
complicated by non-union and avascular necrosis,
requiring reoperation in up to 47% of the patients (13),
or prosthetic replacement.

Pauwels (14) extended Colles’ classification by divid-
ing the displaced fractures, depending of the inclination
of the fracture, in two types (fig. 1), each with their own
operative technique and implant. Unfortunately,
Pauwels’ classification is not helpful for the decision-
making for internal fixation or prosthetic replacement.
On the preoperative x-ray is the inclination of the frac-
ture line not visible. On the other hand, in the operating
theatre the difference between Pauwels type 2 and 3 can
easily be made as soon as the fracture has been reduced.
Like Pauwels we use that part of his classification in
order to make our choice for the rightimplant (15). Other
authors have abandonned the Pauwels classification
completely (16, 17).

Garden (18) claimed the existence of a “non-dis-
placed” fracture (Stage 2) that should be distinguished
from the impacted fracture (Stage 1). However, he nev-
er showed a lateral x-ray in his publications, where the
— almost always present — impaction in retroversion
would have been visible (19).The idea that, in addition
to the Garden stagel and Pauwels type 1 fractures, the
Garden stage 2 fracture should be considered as an
impacted femoral neck fracture (IFN) as well, has been
supported by several authors (20, 21, 22). Probably, the
really non-displaced femoral neck fracture doesn’t exist.

The Garden classification is based on the assumption
that the more displaced the fracture is, the more harm
has been done to the vascularization with a higher rate
of avascular necrosis.
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This might be true, but a significant difference in avas-
cular necrosis rate between Garden stages 3 and 4 has
not been described. Even the famous and frequently
quoted paper of Barnes (23) — Garden was co-author of
this paper! — shows no significant differences in the
chances of healing between de stages 3 and 4. There-
fore, the Garden classification does not help the preop-
erative decision-making more than the simple distinc-
tion between non-displaced and displaced fractures.

Finally, the inter-observer variation in classifying
femoral neck fractures according to Garden is unac-
ceptable (24, 25). It will be clear that the far more
detailed AO-classification is even less reproducible (26)
and therefore not useful.

In conclusion, the only useful classification of femoral
neck fractures is: non-displaced and displaced fractures
17, 27).

The lateral femoral neck fracture is relatively rare.
Moreover, this fracture type shows so much similarity
with the trochanteric fractures qua pathology, treatment
and prognosis (28), that discussion in the framework of
this article does not seem to be appropriate.

The advised classification: distinguish only dis-
placed fractures from non-displaced (impacted) femoral
neck fractures. For the choice of implant the Pauwels
classification has proved to be useful.

C. IMPACTED FRACTURES

C.1 Pathology

Looking at a cadaver specimen of a typical impacted
fracture with the femoral head in valgus and retrover-
sion (fig.2), the resemblance with a greenstick fracture
suggests intrinsic stability. Pauwels (14) stated that
impaction could only take place in fractures with mini-
mal inclination (< 30°) of the fracture line (Pauwels type
1 fracture). However, 50% of all impacted fractures are
of the Pauwels types 2 and 3 (29), but as a result of
impaction the new fracture line is running more hori-
zontally.

Even if the impaction is not rigid, the almost per-
pendicular position of the new fracture line to the
resultant force, acting on the hip, causes so much more
compression than shearing that this fracture can heal
in most cases without operative stabilization. Although
this phenomenon is well known, we also know from
the literature that 10-40% secondary instability (SI) is
observed following functional treatment. Many possi-
ble causes of this instability have been described: pos-
terior tilting, valgus of more than 20, Pauwels 3 type
fracture, pain, early weight-bearing, gap in the anteri-
or cortex and bad physical and/or mental condition. Up
to now no specific risk factor was generally accepted.
Most surgeons are of the opinion that SI is unpre-
dictable and, if it occurs, will harm their patients. Prob-
ably the majority of them will therefore perform some
kind of prophylactic internal fixation of all impacted
fractures.
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Fig. 2. Cadaver specimen of an impacted femoral neck frac-
ture

C.2 Treatment

Opinions in the literature

Recumbency (20) and traction (30) have been prac-
ticed in the Netherlands until recently. These methods
require a long period of bedrest with a high rate of com-
plications like decubitus, thromboembolic complica-
tions and mental deterioration). Because of this as well
as for economical and psychological reasons these treat-
ment options cannot longer be advocated. Furthermore,
it does not seem too logical to pull at a nicely impacted
fracture!

Crawford (31) was the first, who reported good results
of early mobilization: 8% SI. More recent papers report
20% (22) and 47% (32) SI. This enormous increase of
SI in about half a century is not fully understood, but in
line with our findings, described below.

Of course, primary internal fixation is able to reduce
the SI-rate dramatically, but can nevertheless go up to
9% (33). The papers of Cserhati (22) and Conn (12) rep-
resent de main recent contribution to the discussion on
treatment of the IFN. Both authors are strong support-
ers of operative treatment of the IFN, although they know
that the operation is unnecessary in about half of their
patients. Surgeons decide easily to perform an opera-
tion, but emotion, pain and other discomfort of an oper-
ation are never counted in cost-effectiveness studies, if
operative and non-operative treatment are compared.

In the discussion on IFN’s the supposed increased risk
of avascular necrosis after SI in younger patients con-
tinues to be the main controversy. Several authors (23,
34, 35, 36, 37) suggested (without any statistical evi-
dence) that the risk of avascular necrosis was increased
by SI, and, therefore, recommended primary internal fix-
ation of all patients, especially those under 60 years of
age. Calandruccio and Anderson (38) emphasized that,
in IFN’s, the main damage is to the vessels in the bone
at the level of the fracture, whereas, in displaced frac-
tures, there may also be damage to the retinacular ves-
sels. SI is characteristically a process of slow sliding,
which may not cause additional damage to the retinac-
ular vessels. The rate of avascular necrosis is accord-
ingly low.
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Fig. 3a—d. Impacted fracture in a 72-years old male. Valgus (a) and retroversion (b); the fracture has healed in the same posi-

tion after non-operative treatment (c and d)

The author’s opinion

is based on a prospective study, we started in 1980 in
our institution, treating these fractures non-operatively,
after we had observed that IFN’s were very stable in the
majority of the patients we treated with open reduction
and internal fixation.The patients were admitted to the
ward and rested in bed with the injured leg in a gutter
splint until the pain subsided. By the end of the first week
93% of the patients could be mobilized with the help of
crutches or any other support. Partial weight-bearing
was preferable in the first eight weeks but if this was not
possible, full weight-bearing was accepted. Until Jan-
uary 2000 a consecutive series of 341 IFN’s was treat-
ed in our hospital. Twenty-two of them were wrongly
classified as displaced fractures and primarily treated
with internal fixation or arthroplasty. The remaining 319
fractures were included in the study and treated non-
operatively. Their mean age was 72 years (13 to 98). We
recorded the patients’age, general condition (number of
serious concomitant diseases), weight-bearing immedi-
ately after the accident and after the fracture had been
diagnosed. Weight-bearing was described as “early” if
it took place within four weeks of the date of fracture.
The amount of valgus of the capital fragment was
expressed as the anteroposterior Garden index (fig 3a)
and the amount of retroversion or (seldom) anteversion,
as the lateral Garden index (fig. 3b). We noted the pres-
ence of a gap in the anterior cortex on the axial view
(fig. 3b, arrow) and the inclination of the fracture line,
expressed as the Pauwels type 1 (0° to 30°), type 2 (30°
to 50°) or type 3 (> 50°). All these variables were
analysed in a linear stepwise logistic regression analy-
sis to estimate the significance of each of them for the
occurrence of SI. The overall mortality at one year was
19%. Of the 311 fractures which were followed up until
healing or secondary instability (SI), 216 fractures
(69 %) united. Instability occurred mainly in patients
over 70 years of age, and in younger patients with a short
life expectancy or disabling neurological disease. Only
5 % of the healthy younger patients suffered SI. Step-
wise logistic regression analysis indicated that poor gen-
eral health (p < 0.0001) and age over 70 years
(p = 0.0002) were highly significant risk factors. None

of the other variables, such as Garden index, Pauwels
type had significant influence on the development of SI
(11). A huge difference (p = < 0.0001) in SI was found
between our patients in the first decade (15% in
1980-1989) and second decade (51% in 1990-1999) of
the prospective study. Although the patients were sig-
nificantly (p = < 0.001) older in the second decade (76
years) than in the first decade (69 years), age alone can
only partly explain the difference. Nevertheless is Hel-
big (32) supporting our point of view that we should give
the patient with an IFN the benefit of doubt and treat the
fracture non-operatively.

Avascular necrosis was observed in 18 (11%) of the
160 fractures, which healed after non-operative treat-
ment and could be followed for at least 2 years after the
accident (2-18 years, average follow up 5.2 years).
Every change of the shape of the femoral head was con-
sidered as such. Functional treatment of all IFN’s, except
in patients over 70 year of age with multiple co-mor-
bidity, seems therefore to be justified.

After SI, internal fixation was chosen as treatment of
patients under 70 years of age, without co-morbidity. All
other secondarily unstable IFN’s were treated with par-
tial or total hip replacement. Delayed operation after SI
caused no increase in mortality, nonunion or avascular
necrosis.

The advised treatment for an IFN

All healthy patients — independant of age — can be
treated non-operatively with early mobilization. In
patients over 70 years of age with more than one co-
morbidity the SI-rate can go up to 80 %. A primary oper-
ative treatment is advocated.

D. DISPLACED FRACTURES

D.1 Pathology

Two conditions determine the biomechanics of a dis-
placed femoral neck fracture (DFN):

a. The inclination of the fracture line, that produces
shearing and/or distracting forces. These forces have to
be neutralized, if possible, by bony support, and if not,
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Fig. 4a, b. Pauwels 1-2 type fracture (a),
Pauwels 3 type fracture (b)

Fig. 5. Axial view of a DFN with considerable retroversion and
after overreduction in slight anteversion

by a hefty implant. If the inclination is less than 50°,
consequently the fracture line is running subcapitally,
that is in cancellous bone (fig. 4a). Slight overreduction
of the femoral head in valgus with impaction of the hard
cortical bone of the neck into the softer cancellus bone
of the head provides a strong bony support and stabili-
ty of the fracture, which needs only simple and elegant
fixation (screws, pins). On the other hand, overreduc-
tion in valgus in vertical fractures results in loss of con-
tact in the distal half of the fracture and loss of stabili-
ty (fig.4b). Anatomical reduction is here indicated to
assure a full bony contact. The resulting lack of bony
support should be compensated by a strong implant like
a sliding hip screw.

b. The presence of a fractured posterior cortex of the
neck, caused by a forced retroversion of the femoral head
at the moment of the fracture. Anatomical reduction
would produce a posterior defect and consequently
a limited stability. Slight overcorrection in anteversion
(fig. 5) and impaction of the neck into the head closes
the defect and provides stability.

Avascular necrosis remains the main complication
after internal fixation of a DFN. This fracture has a dev-
astating effect on the blood supply to the femoral head.
According to Calandruccio (38) 78 % of the femoral
heads are partially (46 %) or totally (32 %) avascular
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after a DFN. Yet, “only” 20-30 % of the internally fixed
fractures show signs of avascular necrosis. Probably, the
majority of these femoral heads are revascularized in
time under protection of a stable fixation (5).

D.2. Treatment

Since 1945 the literature is unanimous regarding the
need for operative treatment of DFN’s. Non-operative
treatment perhaps remains a desirable option for truly
non-ambulatory, demented, aged patients (39), who
rather stay in their trusted nursing homes with adequate
analgetic medication. If these patients are nevertheless
are admitted to the hospital, van Dortmont suggests that
canulated screw fixation is as successful as arthroplas-
ty and therefore preferable (40).

D.2.1 Internal fixation or prosthetic replacement?

Opinions in the literature

Three meta-analyses (41, 42, 43) pooling the data of
17 prospective randomised studies on IF versus arthro-
plasty for displaced femoral neck fractures identified
a trend towards lower early mortality in IF patients.
Duration of the operation, perioperative blood loss and
risk of deep wound infection were significantly lower in
patients treated with IF. These benefits, however, came
at the cost of significantly higher rates of operative revi-
sion: 28-36 % for IF and 10-16 % for arthroplasty. The
meta-analysis results are of limited use when consider-
ing management of individual patients. For meta-analy-
sis purposes all patients were included as being equal,
but in daily practice it is unclear which type of patient
may benefit from either treatment modality. The draw-
back of randomized trials is illustrated by the papers of
— among others — Rogmark (44) and Parker (45). They
conclude from their studies that the failure rate of IF in
patients over 70 years of age was so high that these
patients were best served with a primary arthroplasty.
Such a strategy does not appreciate the significance of
the biological age. Calendar age should not longer
determine the fate of the femoral head: to be fixed or
removed (5, 46, 47). Larger randomised trials may solve
the issues of early mortality and functional outcome by
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subgroup analysis of the involved factors (41, 43). In the
meantime, there is a need for studies to define which
patient groups are better served by the different treat-
ment methods (42). Some crucial factors may be inde-
pendent of the type of implant and instead depend on
individual conditions. Swintkowski (48) proposed
pleaded for internal fixation in patients between 65 and
75 years of age “with high finctional demands and good
bone density”. Bray stated that “the preinjury function-
al status may play a stronger role Robinson (46) devel-
oped an interesting scoring system to quantify the true
physiologic status of individual elderly patients. Five
individual qualities were quantified: mobility, accom-
modation, osteoporosis, cognition and medical condi-
tion. The developed Physiologic Status Score (PSS)
could be a useful guide for selection of the appropriate
treatment. Patients with a high PSS received IF and
patients with a lower PSS arthroplasty, resulting in very
low 2-year revision rates: 5 % for IF and 2 % for arthro-
plasty. These revision rates were much lower than the
meta-analysis results stated above. This selection based
on a quantification of individual patient factors appeared
to be a promising strategic refinement in decision-mak-
ing between IF and arthroplasty and possibly beneficial
to the cost of hip fracture treatment for society.

The author’s opinion

Until the late nineties of the last century the treatment
of the DFN in our institution was based on the calendar
age. In patients under 70 years of age an internal fixa-
tion was performed. The remaining patients got a pros-
thesis, although fractures in very vital, elderly patients
were internally fixed as well. We were impressed by the
findings of Robinson (46), who selected his patients for
IF or arthroplasty on the basis of a scoring (PSS) of
mobility (5 points), accommodation (5), bone density
(6), cognitive (5) and medical condition (5). We decid-
ed to start a multicentre study in order to verify his prom-
ising pre-operative selection protocol.

In 10 participating hospitals 224 patients aged 60—90
years were included. If PSS > 20 points, IF was per-
formed and if PSS < 20, hemiarthroplasty. Bone densi-
ty was measured preoperatively with gold standard Dual
Energy X-ray Absorptiometry (DXA). The sample size
was powered to demonstrate an expected 10 % reduc-
tion of IF revision (35 % to 25 %) and hemiarthroplas-
ty revision (16 % to 6 %) compared to meta-analysis
results. End points were revision, mortality and func-
tion. IF (PSS = 20) was performed in 115 and hemi-
arthroplasty (PSS < 20) in 109 patients. The realized
outcome after 2 years was a 40 % revision rate after IF
and 3 % after hemiarthroplasty. Two year mortality was
16 % in IF and 50 % in hemiarthroplasty patients. After
2 years, functional outcome was comparable in suc-
cessful and revised IF patients and both these groups
demonstrated higher functional outcome than hemi-
arthroplasty patients. Technical failures of IF were iden-
tified by independent experts in 15 (14 %) patients. In
this verification study, application of the PSS did not
improve decision-making in a substantial way, which
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was not in line with the results, reported by Robinson.
The PSS protocol did realize a very low risk of HA revi-
sion within 2 years in more frail patients when com-
pared to meta-analysis data, but did not realize
a decrease of IF revisions in more healthy and ambula-
tory patients. However, revision of appropriate IF is tol-
erated by active patients (PSS 20) aged 60-79 years. In
the latter group revision (risk of 1 in 4) did not affect
mortality or functional outcome after 2 years. Above
80 years, even in patients with a high functional
demand, IF cannot be recommended as the revision risk
is nearly 1 in 2. Although we are disappointed by the
outcome of our study, we strongly believe in the sig-
nificance of individual factors for the prognosis of an
internally fixed DFN (49, 50). A better selection for
internal fixation is probably possible by excluding
patients over 80 years of age and by further refinement
of the PSS. Preparations of a worldwide, randomized
multicenter study, involving about 5000 patients are in
full swing.

D.2.2 Internal fixation: choice of implant

Opinions in the literature

The literature on this subject is abundant and con-
fusing. Confusing, because many studies compare
implants without taking the patient-related factors
(general condition, bone quality, fracture type) into
account. For instance, papers which do not report sep-
arately about the results in impacted and displaced frac-
tures, are worthless. Results in patients under 70 years
of age cannot be compared with the outcome in elder-
ly patients. It is therefore not surprising that on one
hand contradictory results are reported in the literature
and on the other hand Parker (51) on the basis of a meta-
analysis (25 randomized trials, concerning 5000
patients) concluded that no difference could me made
between the results of screws only and the sliding hip
screw. However, in this study the inclination of the frac-
ture line (Pauwels type 2 or 3) was not taken into
account.

Cut-out of the Uppsala-screw, the Ullevaal-screw, the
screw of the gammanail and the screw of the sliding hip
screw was tested in the cadaveric femur. The hold of
these four implants in the bone did not differ (52, 53).
Rehnberg (53) advocated Uppsala-screw fixation in all
DFN’s and reports a low failure rate, which unfortu-
nately could not be reproduced by others: 25% non-
union (54). Other authors prefer the use of AO-cancel-
lous screws for all fractures, irrespective the fracture
type, because they consider the sliding hip screw a too
bulky implant for the femoral head (48, 55, 56). Another
reason for these authors to reject the sliding hip screw
was the supposed lack of rotational stability. This is
a remarkable argument, because they reported only
about patients under 65 years of age. Any surgeon who
ever tried to drive a sliding hip screw home in a younger
patient, knows how much power is needed for this
action. Itis therefore that the temporary use of an antiro-
tational cancellous screw is so important in order to
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avoid turning of the femoral head together with the slid-
ing hip screw. Asnis (57) reported an unlikely low fail-
ure rate of 6 % after screw fixation of DFN’s in all age
groups.

He respects very strictly the 3-point-fixation princi-
ple (fig. 6) and converts intraoperatively to arthroplas-
ty if no satisfactory reduction can be achieved. How-
ever, the high survival rate of his patients (77 % after
a mean follow-up of 8 years!) suggests that his patients
did not represent the average population. We all know
that in an unselected group of patients over 70 years of
age with a hip fracture the survival rate after 5 years is
only 40 %!

The sliding hip screw has it’s success story as well:
1 % non-union (58). For routine use of the sliding hip
screw one has apparently to pay a price: 37% avascular
necrosis (59). Some authors use both screws and sliding
hip screws dependant on age: below 40 years of age
screw fixation is performed, between 40 and 70 years
the sliding hip screw is applied (60).

The AO 130° — angled blade plate is a nowadays
almost abandoned implant, although Broos (61) still
reported about good results in patients up to 50 years of
age.

The author’s opinion

We have in Amsterdam screws and sliding hip screws
in our armamentarium but the indication for the use of
one or the other is not age-related. In 1990 we per-
formed a retrospective study of 263 DFN’s in patients
under 70 years of age, fixed with cancellous screws,
130° — angled blade plate or sliding hip screw after
open reduction. The main finding of this study was
a dramatically high failure rate of screw fixation for
vertical fractures (Pauwels 3): 50 %! After adequate
reduction the failure rate of screw fixation in Pauwels
2 fractures was 7%. A possible explanation of this enor-
mous difference is described in paragraph D.l.a.
(Pathology). On the other hand, Pauwels 2 fractures
did better with screws than with an angled blade plate.
In the early nineties of the last century we changed our
treatment strategy: a DFN, which is considered for
internal fixation, is reduced on the orthopaedic table
with the help of an image intensifier. Than the Pauwels
type is established.

For a Pauwels 2 fracture screw fixation is chosen;
a Pauwels type 3 fracture is stabilized with a sliding hip
screw. With protocol we were able to reduce the
nonunion rate to < 10%. There is support in the litera-
ture for this treatment strategy on clinical (62) and exper-
imental (63, 64) grounds. One could put the question:
why do we not use a mechanically superior implant like
de sliding hip screw in all DFN’s? Fuglesang (59)
described 37% avascular necrosis in his patients after
3 years. Unfortunately he did not distinguish Pauwels 2
and 3 fractures. As long there is uncertainty about what
a bulky implant like the sliding hip screw brings about
in the relatively small femoral head fragment of the
Pauwels 2 fracture, we advise to limit the use of the slid-
ing hip screw to Pauwels 3 fractures.

CURRENT CONCEPTS REVIEW
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Fig. 6a, b. Technically optimal placement of canulated screws
according to the 3-point-fixation principle. First point: screw
tip within the femoral head. Second point: the shaft of the lower
dorsal screw rests on the cortex of the dorsal femoral neck (b,
arrow); the shaft of the lower ventral screw rests on the cal-
car (a, arrow). Third point: the screw head within the lateral
femur cortex.

D 2.3 Significance of bone density

Opinions in the literature

The displaced femoral neck (DFN) fracture is asso-
ciated with osteoporosis (65), defined as a bone densi-
ty of more than 2.5 standard deviations below the
peak value) is prevalent in 16 %-18 % of women and
3%-6 % of men in the United States. Osteopenia
(defined as a bone density between one and 2.5 stan-
dard deviations below the normal peak value) is preva-
lent in 37 %—50 % of women and 28 %—47 % of U.S.
men (66). Data from The Netherlands are similar.(67).
In vitro studies on cadaveric bone have found a corre-
lation (r = 0.69 — 0.78) between bone density and the
intrinsic stability of fracture fixation (52, 68). Two ret-
rospective cohort studies without controls involving 139
and 47 patients, in whom IF was performed with mul-
tiple cancellous screws, also reported a relationship
between bone density and clinical outcome (69, 70). In
1994 it has been suggested that bone densitometry may
aid in the selection of patients for IF (46, 48).

The author’s opinion

We hypothesized that active patients over 60 years
with normal bone density or osteopenia would require
less revisions to arthroplasty after IF of a DEN fracture
compared to similar patients with osteoporosis. There-
fore the aim of this prospective study was to analyse
clinical outcome of IF in osteopenic and osteoporotic
patients. As a branch of the already described PSS-tri-
al, a prospective, multi-center study of 111 active
patients above 60 years with a DFN fracture eligible for
IF was performed (50). Bone density of the femoral neck
was measured pre-operatively with gold standard Dual
energy X-ray Absorptiometry (DXA). Patients were

—b—



045_059_Ernst

21.2.2006 22:54 Stranka 52

—9—

ACTA CHIRURGIAE ORTHOPAEDICAE
ET TRAUMATOLOGIAE CECHOSL., 73, 2006

52/

divided into 2 groups: osteopenia (66 %, mean T-score
—1.6) and osteoporosis (34 %, mean T-score —3.0). Age
(p = 0.47), sex (p = 0.67), delay to surgery (p = 0.07),
fracture angle (p = 0.33) and type of implant (p = 0.48)
were similar in both groups. Revision to arthroplasty was
performed in 41% of osteopenic and 42 % of osteo-
porotic patients (p = 0.87); morbidity (p = 0.60) and
mortality were similar in both groups (p = 0.65). Clini-
cal outcome of IF for DFN fractures does not depend on
bone density. Pre-operative DXA is not useful. For the
same reason we don’t think there is an indication for
a primary valgisation osteotomy for a fresh DFN in
osteoporotic patients, as suggested by Magu (71).

D 2.4 Timing of surgery in hip fractures

Opinions in the literature

As well as causing distress to the patient, delay before
surgical treatment of hip fracturepatients is associated
with an increase in postoperative complications (72, 73,
74), length of hospital stay (74, 75, 76) and mortality
(75, 77). In a large prospective study an association
(p = 0.04) between fewer major postoperative compli-
cations and operation within 24 hours was found in
a subgroup of medically stable patients (78).

Better functional results at three months have been
shown when the mean delay to surgery was 29 hours
compared to 57 hours (79). Surgery within 24 hours
reduces the risk of deep vein thrombosis (80) and of fatal
pulmonary embolism (81) after hip fracture.

As to the local complications (delayed/non-union,
avascular necrosis), caused by delay of operative treat-
ment, the literature is less helpful. Some authors report
a deleterious effect on the fracture healing (79, 82, 83).
These findings are not confirmed in more recent papers.
A connection between delay of treatment and the occur-
rence of avascular necrosis is supposed by Manninger
(84) and Bonnaire (58) and denied by others (23, 85,
86). Parker (87) stated that there is no acute indication
for surgery in patients older than 65 years of age in view
of avascular necrosis or poor functional outcome.

The author’s opinion

To determine the association between delay to sur-
gery and the development of postoperative complica-
tions, length of hospital stay (LOS) and 1-year mortal-
ity a retrospective study was performed. The medical
records of intra — and extracapsular hip fracture patients
in 2000 and 2001 admitted to our institution were
reviewed. Uni- and multivariate regression analysis was
performed to determine an association between the time
interval to surgery and morbidity, LOS and 1-year mor-
tality. Of the 192 patients managed operatively for a hip
fracture, 39 (20 %) patients developed 50 postoperative
complications (23 infections). The mean LOS was 17
days and 1-year mortality was 25 %. There was a trend
towards less postoperative complications (p = 0.06, mul-
tivariate regression, MR) and shorter LOS (p = 0.09,
MR) in patients with a delay of less than 1 day from the
time of admission to surgery. No association between
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surgical delay and 1-year mortality was found (p =0.632,
univariate regression, UR). Age over 80 years (compli-
cations: p = 0.001 MR, LOS: p = 0.05 UR, mortality: p
=0.04 MR) and ASA class (complications: p=0.29 UR,
LOS: p=0.07 UR, mortality: p=0.03 MR) had stronger
associations with the clinical outcomes than the time
interval to surgery. In ASA I and II class patients, oper-
ation beyond 1 day from the time of injury was associ-
ated with more infectious complications (p = 0,02, UR),
but low 1-year mortality (p = 0.03, MR). We concluded
that no significant association could be found between
delay to surgery and the clinical outcomes. However,
considering the trends towards less complications and
shorter LOS, early surgery (within 1 day from admis-
sion) is likely to be beneficial for hip fracture patients
who are able to undergo operation (49). Delay to sur-
gery is common, and when it is due to inadequate facil-
ities or poor organisation rather than any medical rea-
son, the underlying problems should be addressed, and
solutions identified by the clinicians and hospital man-
agement.

D 2.5 Prosthetic replacement

Opinions in the literature

The hemiarthroplasty is still the most frequently used
type of replacement surgery in DFN patients, because
the majority of them is (very) old and has a limited life
expectancy. Once a hemiarthroplasty has been chosen,
further controversy surrounds the selection of either
a unipolar or a bipolar bearing, a cemented or unce-
mented stem.

Although even in a recent paper a lance was broken
for the uncemented stem insertion (88), the results of
cemented hemi-prosthesis are more favourable when
regarding pain relief and functional outcome (89).

In many hospitals the unipolar prosthesis has been
replaced by the bipolar type because patients are more
mobile (90) and have less pain and better mobility (91),
although radiological studies have suggested that, in
many patients, bipolar prostheses move almost entirely
on their outer articulation (92, 93). Probably that is the
reason why erosion of the acetabulum is observed in
bipolar prostheses as well. When reviewing the litera-
ture comparing bipolar and unipolar hemiarthroplasties,
patient age, mobility and length of follow-up are impor-
tant considerations because acetabular wear is a time-
and activity-dependent phenomenon. In this context, two
papers meet these conditions and describe follow-up
periods of minimally 7 years (41) and 10 years (94). Lu-
Yao (41) observed a 20 % revision rate after a unipolar
prosthesis, 10 % after a bipolar prosthesis. Haidukewych
(94) did not compare both types of prosthesis but
reviewed a series of 212 bipolar prostheses. Only 10 (4.7
%) of the surviving patients underwent revision and only
one of them had this operation because of acetabular
wear! The most common reason for revision was loos-
ening of the stem, a complication which could occurr in
all types of prosthesis.
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Historically, total hip arthroplasty (THA) has been
reserved for patients with a DFN in combination with
osteoarthritis of the hip (extremely rare), theumatoid
arthritis or with a pathological fracture. Since the results
of THA became substantially better, the indications have
been broadened to include active elderly patients with
an acute DFN with encouraging outcome without an
increase of morbidity or mortality (95, 96). Pain relief
is more predictable after THA. However, postoperative
dislocations are the main concern. Their rates have aver-
aged approximately 10 % across multiple studies (95,
97, 98), with approximately 25% of those dislocations
becoming recurrent and chronic. If we could solve this
serious problem, in the opinion of Schmidt (5) there
would be an indication to treat everey active elderly
patient with a DFN with THA. Hopefully, several
prospective randomized trials, comparing THA with
hemiarthroplasty, which are running at the moment, will
show us the way to the best treatment.

The author’s opinion

The surgical technique, chosen for the treatment of
a DFN in elderly patients, should allow immediate, full
and painless weightbearing. Up to now, only the cement-
ed prosthesis meets these conditions. Although it may
be so that bipolar prostheses move mainly at the outer
articulation, the long-term results (41, 94) suggest that
this prosthesis should be given preference to the unipo-
lar type. Furthermore, the difference in price between
both prostheses is negligible because the overall cost of
the treatment have gone up so immensely. Finally, a basic
advantage of the bipolar system is the relatively small
operation, needed for conversion to a total hip replace-
ment (fig.7), because the stem can stay in place.

As to the question hemiarthroplasty or total hip
replacement, the discussion has not yet been closed. We
studied the natural history of the cemented bipolar hemi-
arthroplasty (Weber trunnion-type) by evaluating 307
patients, operated between 1975 and 1989 in our insti-
tution.

Only 3 patients, who not have been revised, were alive
at the end of the observation period (2004). A striking
difference was found in the occurrence of late mechan-
ical complications (aseptic loosening and acetabular
wear) between patients under 75 years of age (22 %) and
the older group of patients (6 %). As to the patient’s over-
all satisfaction 56 % suffered no impairment from their
sustained fracture, 36 % were slightly impaired. We con-
cluded that the use of the cemented bipolar prosthesis is
justified in patients over 75 years of age. We hope to
confirm this opinion after finishing a prospective ran-
domized trial, comparing hemiarthroplasty and total hip
replacement for displaced femoral neck fractures, that
was started in 1995.

The advised treatment of a DFN

Patients up to 65 years of age are selected for inter-
nal fixation. Patients over 80 years of age can safely be
treated with a cemented bipolar hemiarthroplasty.

The biological age (co-morbidity, activity level etc.)
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Fig. 7a, b. Three weeks after insertion of a cemented bipolar
hemi-prosthesis in a demented patient. Missed dislocation of
the prosthesis (a). Closed reduction appeared to be unstable.
Intraoperatively a damaged acetabular roof was observed.
With the help of an acetabular shelf plasty (autologeous iliac
crest) an acetebular prosthesis was inserted. The ball-head of
the hemi-prosthesis was replaced by smaller one. The stem
could stay in place (b).

of patients between 65 and 80 years of age should be
estimated. The PSS-score, designed by Robinson (1994)
did work in selecting patients for prosthetic replacement.
In our hands this scoring-system was not reliable enough
to select the right patients for internal fixation. If inter-
nal fixation does not seem the proper treatment or can-
not be done properly, total hip replacement is probably
the best option in this age group.

If internal fixation is the chosen treatment, closed
reduction on the orthopaedic table is performed with
help of an image intensifier. The inclination of the frac-
ture line is calculated. In Pauwels 2 fractures two or three
parallel screws are inserted after slight overreduction in
valgus and anteversion (fig.5). The positioning of the
screws respects the 3-point fixation principle (fig.6). In
Pauwels 3 fractures an anatomical reduction is accept-
ed. The fracture is stabilized with a sliding hip screw.

E. NONUNION OF THE FEMORAL NECK

Opinions in the literature

Nowadays in cases of nonunions of the femoral neck
the surgeon is tempted to perform prosthetic replace-
ment of the hip, the more so if there is also evidence of
a disturbed vascularisation of the head. This will pro-
vide rapid pain relief and mobilization. However, long-
term results of hip arthroplasties, especially in younger
people and in presence of bone atrophy, are not always
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Fig. 8a—d. Preoperative drawing of a valgization osteotomy for femoral neck nonunion.

a: The inclination of the nonunion is the angle between the perpendicular to the femoral shaft and the fracture line. In this
example the angle is 55. The resultant (arrow) of the forces, acting on the hip joint, is a shearing force. In order to transform
shearing into compressing forces, the fracture line should be brought in a more horizontal position. Ideally the new inclination
angle would be 20. Therefore a lateral wedge of 35 must be taken out.

b: Result of the preoperative planning. The inclination of the nonunion is now 20. Mainly compressing forces are acting on the
nonunion and will promote healing. The position of plate and screws is included in the drawing.

¢: Retrotorsion of more than 15 should be corrected and the position of the plate in the lateral view has to be included in the
preoperative planning. Correction of these retrotorsion is mandatory in order to obtain an ideal position of the tip of the blade
of the plate in the centre of the femoral head, to correct a flexion contracture and avoid impingement.

d: Loss of leg length is usual in femoral neck nonunions. If the preoperative planning reveals that removal of a complete lateral
wedge fails to restore leg length, a partial lateral wedge can be taken out, leaving enough contact between the cancellous sur-
faces of the fragments for undisturbed healing of the osteotomy. The removed wedge can be used as a graft on the medial side.

as expected and a less radical approach is worth con-
sidering.

Usually nonunions of the femoral neck are grossly
displaced by shortening and rotation. If not, a simple
(re)fixation of the initial fracture without complementa-
ry osteotomy can be successful (99), as long as the orig-
inal fracture line corresponds to the Pauwels types 1 and
2. However, in our small group of 6 patients with such
a procedure 3 of them developed serious avascular
necrosis. Hou (100) reports a small series of neglected
fractures with shortening up to 5 cms. He was able to
cure these nonunions with a pedicled autologeous bone
graft and restore leg length in 4 of his 5 patients. The
use of these grafts has been popularized by Meyers
(101).The initially reported success has not been repro-
duced in large series, and the procedure has been con-
sidered unreliable (102).

The valgisation osteotomy, designed by Pauwels (14),
represents a masterly mechanical concept, with which
not only healing of the nonunion and osteotomy can be
achieved. Leg length discrepancy, rotational and angu-
lar deformity (fig. 8) can be corrected at the same time
(103). Osteotomies on subtrochanteric level (104, 105)
are less capable to correct the inclination of the fracture
line adequately; no more is it possible to restore leg
length and secondary THR gets more difficult. Finally,
the cancellous bone of the intertrochanteric region offers
better healing qualities than the cortical bone at the sub-
trochanteric level (106).

Reports on HA or THR as the treatment of nonunion
are not frequently published. However, these reports are
without exception in favour of THR as the treatment for
femoral neck nonunion. Mehlhoff (107) described the

results of THR for femoral neck and trochanteric non-
union. He observed postoperative dislocations exclu-
sively in de trochanteric group. The results in de femoral
neck group were comparable to those of THR for fresh
fractures. Johnsson (108) compared HA and THR and
focussed on postoperative dislocations. Dislocations
were mainly seen after HA ! Franzen (108) reported
THR in 84 patients with femoral neck non-union did bet-
ter than reported results of THR for acute femoral neck
fracture. Secondary THR after failed internal fixation
had a similar outcome to primary THR, except for
a higher incidence of mechanical failure of the prosthe-
sis in older patients. Other reports confirm the 1.5 to 2.5
times higher risk of secondary THR than primary THR
for osteoarthritis (99, 110, 111). Therefore, these authors
plead for the choice of joint-saving procedures (refixa-
tion, valgisation osteotomy) in younger patients, if the
local situation permits such a choice (absence of com-
plete collapse) and if the surgical skill is available.

The author’s opinion

During the period 1973-1995 in our institution val-
gisation osteotomy according to Pauwels was performed
in 66 patients, 18—72 years old (mean age 49.5 years).
There was no hospital mortality. During the observation
period 24 (37 %) of our patients died 4 months to 24
years (mean: 9.5 years) after the operation. Early com-
plications were: one postoperative haematoma was
debrided. Four times the angled blade plate had to be
exchanged because the blade penetrated into the hip
joint. Union of the femoral neck was achieved in 58 of
the 66 patients (88 %), union of the osteotomy in 65
patients (99 %).
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Fig. 9a—d.
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a: Female, 43 years, femoral neck non-union with very steep fracture line. Gross valgisation is needed.
b: The Y-shaped osteotomy allows a high valgisation degree and the medial displacement leads to direct support of the femoral

head by the calcar femoris.

c: Five months postoperative. The aspect of the femoral head is avascular/sclerotic. Note the screw through the plate in the
proximal fragment, which improves the hold of the plate in the proximal fragment.

d: At 12 years after valgisation the femoral head shows the irregular pattern, resulting from an intensive revascularization
process. However, there is no deformity of the head; the hip joint is congruent. Avascularity of the femoral head is no contra-
indication for a joint-saving procedure like the valgisation osteotomy.

A good or excellent result was achieved in 62%
(23 x uneventful + 13 x healed, necrosis/artrosis with-
out need for further treatment) of our patients (fig. 9).
The method has it’s limits. If there is too little bone stock
inside the femoral head, a valgisation osteotomy is
prospectless (fig. 10).

Walcher (112) considered radiographic signs of avas-
cular necrosis in patients over 30 years of age as a con-
tra-indication for an osteotomy. Our results show that it
is worthwhile trying to save the joint of young patients
even in case of a segmental collapse (fig.11). In the com-
petition between revascularization and collapse often
revascularization will be the winner. We deliberately
give nature it’s chance and don’t rely on the result of
bleeding from drillholes in the head (113), nuclear scans
and other methods to measure vascularity.

A total hip replacement is considerably postponed and
better conditions for hip replacement can be achieved
by the development of sclerotic bone in the subchondral
areas of the actabulum and femoral head. The results of

Table 1. Age-related results in terms of nonunion, avascular
necrosis, interval between valgisation osteotomy and total hip
replacement (THR), mean follow-up and Harris Hip Score
(HHS).

age group nonunion/ THR/interval | mean FU/HHS
(mean age) necrosis osteot-reop (no reoperation)
<40y (28) 0%/54% | 23% /12y 11y/88
40-49y 25%154% | 15% /7y 9y /79
50-59y 4%/154% | 4% /9y 11y/93
> 60y (65) 3B%I25% | 25% /2y 5y/89

Fig. 10a, b. Wrong indication for valgisation osteotomy. a:
Male, 50 years. Seven months after internal fixation.
Nonunion. The screw tips have continuously been turning
around in the femoral head and have scraped away the can-
cellous bone. An empty eggshell-like situation resulted, but was
not appreciated. b: Four weeks after a valgisation osteotomy;
implants have not enough hold in this excavated femoral head.
Cut-out of the blade and screw. In this case a primary pros-
thetic replacement would have been a better choice than a val-
gisation osteotomy.

the valgisation osteotomy related to age are listed in table
1. It is obvious that patients in their sixties should not
be excluded from having a joint saving operation.

It is our strategy to treat fresh femoral neck fractures
with a hemiarthroplasty (HA) in patients over the bio-
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Fig. 11a—e. a: Female, 30 years. Three months after screw fixation of a displaced femoral neck fracture. Healed fracture. The
patient refused further controls. b: Two years after the primary fracture the patient was readmitted after a fall. She now seems
to have a pathological fracture in the necrotic femoral head rather than a nonunion of the former fracture. c: Postoperative x-
ray: open reduction of the fracture was performed. The fracture was stabilized only by a screw. Valgisation osteotomy. The blade
of the plate did not cross the fracture line in order to avoid additional violation of the already deformed femoral head fragment.
d: Healed osteotomy and fracture, 4.5 years postoperative. e: Fourteen years after the osteotomy. There is little trochanter pain,
the patient walks one hour without any support. There is no limp, a satisfying ROM and a HHS of 81.

logical age of 80 years. Logically the same choice will
be made for patients with a non-union. During the peri-
od 1973-1995 we performed 34 times a HA in the least
vital group of patients. Their mean age was 79 years.
The average survival in these patients was less than
3 years and that explains probably the low late compli-
cation rate: one aseptic loosening and one deep infec-
tion with chronic fistula.

Total hip replacement (THR) was performed in 37
younger patients with a mean age of 69 years. They were
not considered for a valgisation osteotomy because of
age over 70 years, severe osteoporosis or a total collapse
of the femoral head. In this group we observed 1 asep-
tic cup revision and 2 extractions of the prosthesis
because of a deep infection.

The advised treatment

Patients up to 65 years of age with a non-union of the
femoral neck are candidates for a valgisation osteotomy.
Between 65 and 80 years a total hip replacement is prob-
ably the best option for fit patients. For elderly patients
a cemented bipolar hemiarthroplasty is an adequate
treatment.
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