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Choice of implant for internal fixation of femoral

neck fractures

Meta-analysis of 25 randomised trials including 4,925 patients

Martyn J Parker and Chris Blundell

We reviewed all randomised trials comparing differ-
ent implants for treating intracapsular fractures of
the hip and, where possible, the data were com-
bined. 25 randomised trials were identified involving

4,925 patients. Screws appeared to be superior to
pins. It was not possible to determine the optimum
number or type of screws. No advantage was shown
for an implant with a side-plate.
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25 years ago, Tronzo (1974) identified over 100 dif-
ferent implants for the internal fixation of femoral
neck fractures. The determination of which implant is
most effective, may be inferred to a limited extent by
biomechanical studies and case series of patients.

Biomechanical studies using pull-out strengths of
implants and mechanical testing of fractures created
on cadaveric bone, have questionable relevance to
that which occurs in vivo. Case series of different im-
plants are of limited relevance as selection of frac-
tures, patient characteristics and surgical technique
will vary, making comparison of results between dif-
ferent case series infeasible. Therefore the only ratio-
nal scientific comparison that can be made is use of
randomised trials which compare implants. Numer-
ous such studies have been performed, but still no
consensus has been reached on the choice of implant.
We reviewed all the data from previously performed
randomised trials, combining data whenever possible,
to determine which is the most effective implant.

Patients and methods

Randomised trials were identified primarily from the
Cochrane (1997) database of randomised trials. In ad-
dition, abstracts and articles from the last 7 years for
the following journals were searched by hand—Jour-
nal of Bone and Joint Surgery (American and British),
Acta Orthopaedica Scandinavica, Injury, Clinical
Orthopaedics, Orthopaedic Clinics of North America
and the Journal of Royal College of Surgeons of Edin-
burgh. A MEDLINE computer search was also per-
formed using the strategy suggested for identification

of randomised trials (Dickersin et al. 1994). Articles
in all languages were included.

For each randomised trial identified, the average
age, sex ratio, proportion of displaced fractures and
an assessment of methodology by the scoring system
shown in Table 1 was performed. Data were extracted
from each study to give an overall complication rate
within the follow-up period of each individual study.
Complications included were early fracture displace-
ment, non-union, avascular necrosis, breakage of the
implant and refracture around the implant, which
were combined and termed the fracture-healing com-
plication rate. For uniformity of results, wherever
possible the complication rate was expressed as the

Table 1. 9-point assessment of methodology with one point
for each criterion satisfied

-

Was there blind randomisation of patients?

2. Were the inclusion and exclusion criteria clearly defined?

3. Were the outcomes of patients who withdrew or were
excluded after allocation described and included in order
to treat analysis?

4. Were the treatment and control groups adequately
described and comparable at entry to at least four
admission details given (e.g., age, sex, mobility, function
score, mental test score) and no significant difference
between groups.

5. Were the care programmes other than trial options
identical?

6. Were the outcome measures clearly defined in the text,
with a definition of any ambiguous terms encountered?

7. Was the timing of outcome measures appropriate—i.e.,
a minimum of 1 year follow-up for all surviving patients?

8. Were less than 5% of patients lost to follow-up?

9. Full publication or ‘in press’ article, as opposed to

conference abstract or unpublished data?
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Table 2. Characteristics of the various studies

Year Implants Number Average age % % disp. Methodology
compared patients (range) men fractures score
Alberts et al. 1989  Nystrom nails / Scand screws 133 77 (39-99) 31 65 7
Benterud & Alho 1994 SHS/ Olmed screws 203 81 (63-97) 42 100 0
Benterud et al. 1997 Oimed / Ullevaa I/ Tronzo screws 647 78 (32-97) 20 100 1
Christie et al. 1988 SHS/ 2 divergent pins 127 69 (26-80) - 100 6
Dalén & Jacobsson 1985 Thornton nail / Scand screws 94 79 24 - 6
Eimerson et al. 1988  Rydell nail / Gouffon screws 223 - (18-98) - 74 5
Elmerson et al. 1995 SHS/Hansson pins 222 77 25 61 8
Frandsen & Andersen 1981  SNP/ Thornton nail 249 77 (22-96) 22 100 6
Harper & Gregg 1892  ASIF screws / SHS 209 72 (25-93) 24 83 2
Herngren et al. 1992 Uppsala screws / Hansson pins 180 77 (28-96) 37 72 8
Holmberg et al. 1980 Rydell nail / Hansson pins 220 78 25 70 6
Kuokkanen et al. 1991  SHS/ Mecron screws 29 66 (21-84) - 0 6
Lindequist et al. 1989 Hessel pins / Gouffon screws / 220 77 (32-97) 29 80 7
von Bahr screws
Madsen et al. 1987 SHS/ASIF screws 103 74 (25-92) - 100 6
Nordkild et al. 1985 SHS/SNP 49 - (32-86) 33 77 7
Olerud et al. 1991  Uppsala screws / Hansson pins 115 80 16 71 4
Ovesen et al. 1997 SHS/ Uppsala screws 316 - - 80 3
Paus et al. 1986 SHS/von Bahr screws 131 - 18 100 9
Rehnberg & Olerud 1989  von Bahr screws / Uppsala screws 222 80 (55-98) 25 77 9
Sernbo et al. 1990 Rydell nail / Hansson pins 410 77 25 75 8
Sorensen et al. 1992 SHS/ Gouffon screws 73 - (52-84) 25 86 7
Sorensen et al. 1996 SHS/Hansson pins/ 150 80 (47-94) 25 67 1
Uppsala screws
Stromaqvist et al. 1984  Rydell nail / Hansson pins 152 78 (52-94) - 72 7
Svenningsen et al. 1984 SHS/FNP 248 71 30 65 5
Wihlborg 1990 Rydell nail / Gouffon pins 200 77 (46-100) 29 83 4

SHS sliding hip screw, SNP sliding nail plate, FNP fixed nail plate

Scand, Richards, ASIF, Mecron and Gouffon screws are all similar, being screws with cancellous threads of about 6.5 mm
and a shank of 4-5 mm. Uppsala or Olmed screws are larger screws with 8 mm threads and a 6 mm shank. von Bahr screws
have 7.1 mm threads and a 5.5 mm shank. Ullevaal screws have a 7 mm shank with 7 mm threads. Toronzo (VLF) screws
have cancelious threads, but have an additional sliding capacity to atlow for coliapse at the fracture site. Nystrém nails are 6.2
mm smooth pins. Hansson pins are 6.5 mm in diameter smooth pins with a hook which is extruded from the tip into the
subchondral bone. They are used in pairs, as opposed to the Rydell four flanged nail, which also has a hook but is used singly.
The Thornton nail is a four-flanged pin and Hessell pins are thin and smooth.

number of complications occurring during the follow-
up period, including patients who died during that pe-
riod, but excluding patients who were lost to follow-
up. For each study, odds ratio and 95% confidence
limits were calculated and results were expressed
graphically on a logarithmic scale. Trials in which
comparable implants were used were grouped togeth-
er and the results pooled.

Results

25 randomised trials were identified and used in the
analysis, these studies involved a total of 4,925 pa-
tients (Table 2). The study of Ingwersen, Skoglund
and Syversen (1992) could not be included as it was
only reported as a conference abstract with insuffi-
cient data to be of use. One study was reported in 4
conference abstracts (Benterud et al. 1992, Austdal et
al. 1993, Benterud and Alho 1995, Benterud et al.
1997) and the most recent report was used. Poulsen et
al. (1995) reported results of a study with additional

results as a conference abstract (Ovesen et al. 1997),
again the more recent report was used.

The fracture-healing complication rate was lower
for screws than for pins (Figure 1). This analysis in-
cluded only those studies which compared 1 pin with
a side-plate against 1 screw with a side-plate, or 2
pins against 2 screws or 3 pins against 3 screws. There
were no studies comparing a single pin without a
plate against a single screw without a plate. There was
no difference between 1 pin (the Rydell nail) versus 2
Hansson pins or between a Sliding Hip Screw (SHS)
versus multiple screw fixation (Figure 2).

A few studies included alternative outcome mea-
sures such as duration of surgery, operative blood
loss, length of hospital stay, mortality, functional as-
sessment and pain at follow-up. Because there was no
uniformity in reporting of results, it was not possible
to summarise these outcome measures. However, no
study reported a significant difference in mortality be-
tween implants, and any differences in morbidity
tended to be related to the difference in the fracture-
healing complication rate. Exceptions to this were
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Figure 1. Summary of studies which compared smooth pins (treatment) with screws (control) and graphic representation of odds
ratios (OR) and confidence intervals (Cl). Resuits to the left of 1 indicate that the ‘treatment’ group is superior, while results to the

right of 1 indicate the “control” group is superior.
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Figure 2. Summary of studies which compared one screw or pin (treatment) with multiple screws or pins (control).

studies which compared a parallel pin or screw meth-
od with that of an implant with a side-plate such as the
SHS. A longer operation-time (Paus et al. 1986, Mad-
sen et al. 1987, Elmerson et al. 1995, Ovesen et al.
1997) and increased blood loss (Madsen et al. 1987,
Kuokkannen et al. 1991, Ovesen et al. 1997) were
consistently reported for an implant with a side-plate
than for a paraliel screw or pin method.

Discussion

The fracture-healing complication rate was used in
this study, as it was felt to be the most representative
of all the complications related to each implant. Other
outcome measures which may be used when compar-

ing implants may be the non-union rate or the reoper-
ation rate. We did not use the reoperation rate, as this
included some cases in which the fracture had healed
uneventfully, but the implant was removed for mini-
mal symptoms. In addition, there were a few patients
who required revision surgery for fixation failure, but
were considered unfit for this. Fracture displacement
and failure of the fracture to unite were considered to-
gether in most studies, since there is no clear distinc-
tion between the two terms for such fractures, which
are collectively considered to constitute the “non-
union rate”. Non-union itself accounted for approxi-
mately 60% of the fracture-healing complication rate.
The analysis shown in Figures -3 was also per-
formed, using the non-union rate to produce resuits,
which were comparable to those reported here.
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Figure 3. Summary of other randomised trials.

Many of the reported results were only in confer-
ence abstract form and this invariably resulted in such
studies scoring poorly in the methodology assess-
ment. There is a tendency for some of these studies to
be performed for local use only, with a limited presen-
tation of results at a regional meeting. Such a practice
should be discouraged, as it means the information
gained is not being made readily available for the
benefit of all. Because it appeared that studies which
had a low methodology score were those reported
only as an abstract, without any evidence that such tri-
als had increased biases, no correction factor was at-
tempted based on the methodology assessment.

A screw fixation seemed superior to pins fixation,
although individually few of the studies achieved sta-
tistical significance. This meta-analysis (Figure 1)
was performed using only those studies having an
equal number of screws and pins. Further studies
which compared pins against screws continued to
show this trend in favour of screws (Figure 3). Re-
view of the available results does, however, suggest
that the addition of a hook to the pin reduces the com-
plication rate, so that the difference is not statistically
significant.

We found no difference in fracture-healing compli-
cations for the SHS in comparison with a screw fixa-
tion method (Figure 2), nor in studies comparing the
SHS with pins (Figure 3). In studies which reported
operative details, the SHS was consistently found to

have an increased operative blood loss and duration
of surgery. The incidence of wound sepsis was report-
ed in only one study (Paus et al. 1986), with 2 cases of
infection with the SHS and 1 with parallel screws. A
summary of non-randomised trials (Parker and Pryor
1993) indicated a sepsis rate of 2% for the Sliding Hip
Screw, as opposed to 1% for a parallel screw or pin
method. These benefits, in the absence of any differ-
ence in the fracture-healing complication rate, led us
to conclude that a parallel screw method is preferable
to a SHS fixation.

Many of the different screw types have been devel-
oped in different areas of the Scandinavian countries.
Biases may unintentionally occur from evaluation of
an implant developed in a centre to evaluate its effec-
tiveness, even within the confines of a randomised tri-
al. The 3 studies from Uppsala consistently favoured
the Uppsala screw against all other implants studied
(Rehnberg and Olerud 1989, Olerud et al. 1991, Ove-
sen et al. 1997). In a report of a multicentre ran-
domised trial, comparing Ullevaal and Olmed screws
(Benterud et al. 1992), the incidence of fracture heal-
ing problems in Ullevaal Hospital was 12% for Ull-
evaal screws and 51% for Olmed screws. However, in
the other centres the figures were 22% for Ullevaal
screws and 28% for Olmed screws.

The overall conclusions from our study are that
most studies have had insufficient patient numbers to
permit a valid comparison between implants. There-
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fore, even with review of the best available evidence
and combination of results, the optimum choice of
implant for femoral neck fractures is still controver-
sial. The limited evidence available indicates that
screws are preferable to smooth pins, although the ad-
dition of a hook to the pin may negate these differen-
ces. There is insufficient evidence to say whether 1, 2
or more screws should be used, but the use of a sup-
plementary side-plate appears to be unnecessary.

Further studies involving large numbers of patients
(at least 400) treated at centres different that which
developed the implant are required to determine the
optimal type and number of screws. These trials
should have appropriate methodology, publish the re-
sults in full and make the data available for future
meta-analyses.
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