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Background   Studies have shown that the degree of 
initial displacement and also comminution of the fem-
oral calcar, size of the head and varus angulation are 
prognostic of failure in displaced femoral neck fracture. 
We have applied these radiographic criteria in order to 
select patients who would benefit from internal fixation 
as opposed to primary hemiarthroplasty, and this pro-
spective study was conducted in order to monitor the 
results of this strategy.

Methods   683 displaced fractures of the femoral neck 
were treated with internal fixation or primary hemiar-
throplasty based on the proposed radiographic criteria 
in a prospective consecutive study, and the patients were 
followed for 1–6 years. We treated 228 fractures with 
internal fixation and 455 by bipolar hemiprosthesis. 
The choice of operation was based on clinical evaluation 
of the patient and assessment of the assumed healing 
potential of the fracture, as determined by radiographic 
evaluation. Revision and mortality were primary end-
points.

Results   54 (24%) of the patients originally treated 
by osteosynthesis were revised, whereas 9 (2%) of the 
patients treated with hemiarthroplasty had revision sur-
gery. There were no significant differences in mortality 
between the groups at 30, 120 or 365 days. 

Interpretation   Even when treating only the fractures 
with the assumed best healing potential with internal 
fixation, the results are inferior to hemiarthroplasty. 

■

The best treatment for displaced fracture of the 
femoral neck is still to be determined (Masson et 
al. 2004). Several studies have shown a 30–40% 
rate of reoperation after internal fixation and 
superior function after primary hemi- or total 
arthroplasty (Johansson et al. 2000, Rogmark et al. 
2002 a, b, Roden et al. 2003). Cost has been shown 
to be greater after internal fixation due to the high 
rate of reoperation, as have morbidity and mortal-
ity due to complications (Palmer et al. 2000, Rog-
mark et al. 2003). Nevertheless, arthroplasty might 
be an unnecessary procedure for the 60–70% of 
the patients who would have an uncomplicated 
osteosynthesis (Lykke et al. 2003). 

 There is clearly a need for ways of determining 
which patients would benefit from internal fixation 
rather than a primary hip replacement. Preoperative 
selection criteria might be clinical or radiographic. 
The scientific evidence is, however, conflicting. 
In studies of older age groups, no ill effects of 
either age or sex were found (Nilsson et al. 1988, 
Alberts and Jervaeus1990, Strömqvist et al. 1992, 
Alho et al. 1999). Osteoporosis is more prevalent 
in older age groups and appears to be related to an 
increased risk of nonunion after internal fixation 
(Hedstrom 2004). On the other hand, some authors 
have recommended internal fixation for younger 
patients (Parker and Tagg 2002). Several studies 
have shown that the degree of initial displacement 
prognosticates failure, and others have found that 
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comminution of the femoral calcar, size of the 
head and varus angulation affect healing (Alho et 
al. 1991, 1992, Nilsson et al. 1993).

At our institution, we have applied radiographic 
criteria in order to select patients who would benefit 
from internal fixation rather than primary hemiar-
throplasty. We assumed that the rate of reoperation 
would be reduced after internal fixation. This pro-
spective study was conducted to monitor the results 
of this strategy, and to investigate the usefulness 
of the proposed radiographic criteria in a clinical 
environment. 

Patients and methods

All patients treated for hip fracture at the Depart-
ment of Orthopedic Surgery of Østfold Hospital 
between September 1, 1998 and August 31, 2003 
were included in a prospective hip fracture audit. For 
the present report, we have included patients with 
a displaced fracture of the femoral neck who were 
treated with internal fixation with Olmed screws or 
Exeter cemented hemiarthroplasty. Patients with a 
pathological fracture (9 patients) and undisplaced 
femoral neck fractures (20 patients) during the 
study period, and also those aged below 65 years 
(49 patients) were excluded. This left 683 patients 
in the study, who were followed for 1–6 years. Most 
patients were seen at the outpatient clinic 4 months 
and 1 year after the fracture, and all reoperations 
were recorded. In accordance with other studies, 
for this report we only included reoperations that 
were considered to be revisions of the index opera-
tion. This included dislocation of the prosthesis, 
even if it occurred only once. The hospital records 
of all patients were checked in order to make sure 
that no reoperation occurred unreported. We also 
recorded the date of death. 

At the time of admission the choice of opera-
tion was made based on an evaluation of the 
patient’s age, sex and physical and mental condi-
tion, as well as an evaluation of the radiographs 
of the fracture. The fracture was examined for the 
degree of angulation of the femoral head, the pres-
ence of comminution of the femoral calcar, and the 
size of the femoral head. Angulation of the head 
in excess of 30 degrees, presence of comminution 
of the femoral calcar, and a small head fragment 

were each considered to be predictive of reduced 
healing potential (Alho et al. 1992). Such fractures 
were treated by hemiarthroplasty. The findings in 
the radiographs were decisive in most cases, but in 
some instances very frail patients were treated with 
internal fixation. 

The characteristics of the patients are shown 
in Table 1. There was no difference in mean age 
between the two groups, but significantly more 
men were treated with internal fixation.

There was a non-significant trend toward treat-
ing patients in ASA groups 3 and 4 with internal 
fixation. There were variations in the choice of 
treatment of subgroups of patients admitted from 
different habitats, but walking ability did not have 
any bearing on the choice of treatment.

The majority of internal fixations were performed 
by residents (Table 2). There were 41 different 
residents, and each performed from 1 to 22 opera-
tions. 23 residents performed less than 5 internal 
fixations during the study period. Hemiarthroplas-
ties were performed by an orthopedic surgeon or a 
resident assisted by an orthopedic surgeon. 

All patients were scheduled for a follow-up visit 
at 120 days. 111 patients died before the follow-

Table 1. Background information on patients included 
in the study (683)

 Internal  Hemiarthro-
 fixation plasty

Age (mean and range) 82 (66–95) 82 (65–99)
Women/Men 157/71 364/91
ASA groups    
 1     9   20
 2   95 226
 3 118 199
 4     6   10
Admitted from    
 own home 153 286
 sheltered living: 
    fairly independent   14   43
    dependent on help   15   25
 institutional care   38   98
 other     8     3
Walking ability:    
 Walked out of doors 126 253
 Walk out of doors 
    with another person   21   58
 Walked indoors only   46   82
 Walked indoors 
    with another person   27   50
 Unable to walk     8   12
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up. 94 patients died after 120 days without having 
attended a follow-up, and 7 patients were lost to 
follow-up. 

Statistics

The chi-squared test was used to compare propor-
tions. For evaluation of risk factors and construc-
tion of survival curves, we used a Cox regression 
model and Kaplan-Meyer survival curves. Data are 
given with mean and 95% confidence interval. P-
values below 0.05 were considered significant.

Results

We performed 9 revisions after hemiarthroplasty 
(2%; CI 0.7–3.3%) and 54 revisions after internal 
fixation (24%; CI 18–29%) (Table 3, Figure 1). 
Data were entered into a Cox regression model 
to investigate risk factors for revision. The initial 
analysis showed significant influence of primary 
operation (p < 0.001). The analysis was then 
redone separately for internal fixation and hemi-
arthroplasty. Hemiarthroplasty reduced the risk 
of revision by a factor of 0.08 (0.4–0.16). There 
was a significantly increased risk of revision for 
men treated with hemiarthroplasty compared to 
women, as well as for hemiarthroplasty performed 
in the evening (Tables 4 and 5). We were unable to 
identify any risk factors for revision in the case of 
internal fixation. There was a non-significant trend 
toward worse results when surgery was performed 
in the evening and at night compared to during the 
day (Table 6). 

Mortality at 30 days was lower for internal fixa-
tion, but the difference was not statistically signifi-
cant. Moreover, the difference decreased with time 
(Table 7). The survival curves are shown in Figure 

2. By using a Cox regression model, adjusting for 
patient-related factors as well as type of operation, 
time of day of operation and level of surgeon, we 
did not find any difference in mortality between 

Table 2. Time of day at start of surgery and status of 
performing surgeon. Values are number (%)

  Internal  Hemiarthro- Total
 fixation plasty

Day (0800–1600)   86 (38) 295 (65) 381
Afternoon (1600–2400) 100 (44) 160 (35) 260
Night (2400–0800)   42 (18)     0   42
Resident 217 (95) 246 (54) 463
Orthopedic surgeon   11 (5) 209 (46) 220

Table 3. Reason for revision and type of revision per-
formed after internal fixation (228) and hemiarthroplasty 
(455)

Primary operation Type of revision Number
   Reason for revision

Internal fixation 
   Avascular necrosis Removal of implant 1
  Hemiarthroplasty 6
  Total hip replacement 1
 Fracture dislocation Removal of implant 1
  Hemiarthroplasty 5
  Total hip replacement 2
 Nonunion Removal of implant 4
  Hemiarthroplasty 29
  Total hip replacement 2
 New fracture around  
    the implant Re-osteosynthesis 1
 Infection Removal of implant 1
 Loss of position of 
       implant without 
    fracture dislocation Hemiarthroplasty 1

Hemiarthroplasty
 New fracture around  
    the implant Osteosynthesis 2
 Dislocation Girdlestone 2
  Reduction of dislocation 2
  Total hip replacement 1
 Infection Girdlestone 2

Figure 1. Survival of implant. Kaplan-Meyer curve of 455 
hemiarthroplasties and 223 internal fixations.
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internal fixation and hemiarthroplasty. The stron-
gest predictors of increased mortality were sex, 
age, ASA groups 3–4, and not living in one’s own 
home (Table 8).

Discussion

In this prospective study, we selected patients 
with a displaced femoral neck fracture for inter-
nal fixation on the basis of radiographic criteria 
as described by Alho et al. (1992). Our hypothesis 
was that selecting the patients with the best healing 

Table 4. Risk of revision. Logistic regression analysis showing 
p-values, odds ratio (OR) with 95% confidence intervals (CI) of 
683 fractures treated with internal fixation (228) or hemiarthro-
plasty (455)

Operation  P-value OR 95% CI

Internal fixation
 Time of operation: 0.2  
    daytime vs. evening 0.9 1.1 0.51–2.2
    daytime vs. night 0.09 2.1 0.90–4.9
 Age group: 
    65–80 vs. > 80 years 0.6 0.8 0.44–1.6
 Gender (female is reference) 0.4 0.76 0.37–1.5
 Habitat at time of admission: 
    (own home is reference) 0.8  
    sheltered living 0.4 0.61 0.21–1.8
    nursery home a 0.5 0.74 0.30–1.8
    other a 1 0.0 0.0
 Status of surgeon 
    (resident is reference) 0.3 0.36 0.043–3
  Constant 0.005 0.37    
Hemiarthroplasty
 Time of operation: 
    daytime vs. evening 0.03 5.3 1.2–23
 Age group: 
    65–80 vs. > 80 years 0.3 0.5 0.13–2.1
 Gender (female is reference) 0.001 12 2.6–52
 Habitat at time of admittance: 
    (own home is reference) 0.9  
    sheltered living 0.5 1.8 0.33–9.7
    nursery home a 1 0.0 0.0
    other a  1 0.0 0.0
 Status of surgeon 
    (resident is reference) 0.65 1.4 0.33–5.8
  Constant 0.0 0.004
    
a no revision occurred in this group    

Table 5. Significantly a better results when 
hemiarthroplasty is performed during daytime. 
Values are number (%)

  Revision No revision Total

Daytime 3 (1) 292 (99) 295
Evening 6 (4) 154 (96) 160

Total 9 (2) 446 (98) 455

a See text for details of statistics.

Table 6. Non-significant a trend toward better 
results when internal fixation is performed 
during daytime. Values are number (%)

  Revision No revision Total

Daytime 17 (20)   69 (80) 86
Evening 22 (22)   78 (78) 100
Night 15 (36)   27 (64) 42

Total 54 (24) 174 (76) 228

a chi -squared test, p = 0.1  

Table 7. Number of patients who had died by 30, 
120 and 365 days. Values are number (%)

  30  120  365  Total
 days days days

Internal 
   fixation 12 (5) 32 (14)   60 (26) 228
Hemiarthro-
   plasty 40 (9) 78 (17) 116 (25) 455

P-value a  0.1  0.3  0.8
 
a chi-squared test

Figure 2. Survival of patients. Kaplan-Meyer curve of 455 
patients treated with hemiarthroplasty and 223 patients 
treated with internal fixation. 
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potential would reduce the number of unnecessary 
arthroplasties. Compared to other studies, our revi-
sion rate seems acceptable. However, the fractures 
with the assumed better healing potential that were 
treated with internal fixation had a significantly 
higher revision rate than the fractures treated with 
arthroplasty.

We have previously investigated the reliability of 
the criteria in a clinical setting (Bjorgul and Rei-
keras 2002) and we found that the interobserver 
reliability was low. There are many uncertainties in 
the clinical decision-making process, and several 
factors other than radiographic criteria might influ-
ence the choice of treatment. It is well documented 
that the quality of the surgery influences outcome 
when performing closed reduction and percutane-
ous osteosynthesis of a hip fracture (Garden 1961, 
Johansson et al. 2000). In this study, we did not 
collect data pertaining to the position of screws 
and perfection of reduction. It might be argued that 
performing a large number of hemiarthroplasties 
would reduce the level of competence in perform-
ing osteosynthesis. However, the level of compe-
tence of the surgeon did not influence our results. 
The 24% revision rate for internal fixation is simi-
lar to that in other reports from hospitals perform-
ing osteosynthesis almost exclusively (Lykke et al. 
2003). One study has reported a 36% failure rate 

despite optimal screw placement and reduction in 
most patients (Tidermark et al. 2003). The revi-
sion rate in several randomized studies has ranged 
from 33% (Ravikumar and Marsh 2000) to 58% 
(Roden et al. 2003), so in that regard our results 
seem acceptable. 

Although we recorded several parameters pertain-
ing to the preoperative health status of the patient, 
we did not specifically record the patient’s mental 
status. This might be a weakness of the study.

We found a non-significant trend toward worse 
results when the surgery was performed in the eve-
ning and at night. In this material, a relatively small 
proportion of operations were performed at night. 
The reason for this trend is not obvious. The level 
of expertise of the operating team might be differ-
ent at night, and the patient may have had to wait 
longer. Furthermore, it is interesting that hemi-
arthroplasties performed between 4:00 p.m. and 
12:00 midnight have significantly higher revision 
rates than hemiarthroplasties performed during 
daytime. These aspects of hip fracture treatment 
will be the subject of closer scrutiny.

Although several authors have claimed that 
arthroplasty should be the treatment of choice 
for displaced intracapsular fracture of the femur, 
others have maintained that selecting patients with 
reduced healing potential would reduce the number 
of unnecessary arthroplasties. 

In 7 randomized controlled comparisons between 
internal fixation and prosthetic joint replacement, 
only 1 (Davison et al. 2001) found a significant 
difference in mortality. This report showed signifi-
cantly better survival among patients treated with 
internal fixation than with hemiarthroplasty, mea-
suring length of survival. 6 reports found no differ-
ence (Johansson et al. 2000, Ravikumar and Marsh 
2000, Parker et al. 2002, Rogmark et al. 2002a, 
Roden et al. 2003, Tidermark et al. 2003), and this 
is reflected in the findings of a recent meta-analysis 
(Bhandari et al. 2003) incorporating most of these 
studies. In our study, we found no significant differ-
ence among the treatment groups—although there 
was a tendency for higher mortality within 30 days 
in patients treated with hemiprosthesis. Analysis in 
a Cox regression model revealed no difference in 
mortality between the groups.

We conclude that in our hospital, using radio-
graphic criteria for determining choice of treat-

Table 8. Estimating risk of death after treatment of dis-
placed fracture of the femoral neck in a Cox regression 
model showing odds ratio (OR), and 95% confidence 
interval (CI)

  P-value OR  95% CI

Gender < 0.001 1.8 1.4–2.4
Age < 0.001 1.1 1.0–1.1
Habitat at time of admission 
   (own home is reference) < 0.001  
   sheltered living < 0.001 2.2 1.6–3.0
   nursery home < 0.001 2.7 2.1–3.6
   other 0.002 3.0 1.5–6.0
ASA group 3–4 
(1–2 is reference) < 0.001 1.5 1.2–2.0
Time of operation 
   (daytime is reference) 1  
   evening 1 1.0 0.8–1.3
   night 0.8 1.1 0.7–1.7
Status of surgeon 
   (resident is reference) 0.7 1.0 0.7–1.3
Primary operation 
   (internal fixation is reference) 1 1.0 0.8–1.3
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ment for displaced femoral neck fractures has kept 
the revision rate low after internal fixation. How-
ever, even when we selected the patients with the 
assumed best healing potential, we did not even 
achieve the results of arthroplasty obtained with 
those patients who had the assumed worst healing 
potential. We recommend hemiarthroplasty as a 
safe method of treatment, and we recommend that 
it should be performed by trained operating teams 
during daytime.
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