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fixation failure and mortality. A prospective study of 162 patients
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Abstract

Background Reported revision of internal fixation for
undisplaced intracapsular hip fractures is between 12 and
17 % at 1 year. This risk is greater for elderly patients, for
whom mortality after such a fracture is also higher. Our
purpose was to identify predictors of fixation failure and
mortality for elderly patients sustaining undisplaced intra-
capsular hip fractures, and to assess whether their socio-
economic status affected their outcome.

Methods During a 3-year period we prospectively com-
piled a consecutive series of 162 elderly (>65 years old)
patients who underwent internal fixation for an undisplaced
(Garden stage I or II) intracapsular hip fracture. Patient
demographics, American Society of Anesthesiologists
(ASA) grade, and posterior tilt (measured on the lateral
radiograph) were recorded pre-operatively. All patients
were followed up for a minimum of 1 year. Each patient’s
socioeconomic status was assigned by use of the Scottish
Index of Multiple Deprivation. Patient mortality was
established by use of the General Register Office for
Scotland.

Results There were 28 failures of fixation during the
study period. In Cox regression analysis, ASA grade and
the presence of posterior tilt (p < 0.0001) were significant
independent predictors of fixation failure. Overall unad-
justed mortality at 1 year was 19 % (n = 30/162). Cox
regression analysis also affirmed ASA grade to be the only
significant independent predictor of 1-year mortality
(p = 0.003). The standardised mortality rate for the cohort
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was 2.3 (p <0.001), and was significantly greater for
patients less than 80 years of age (p = 0.004). Socioeco-
nomic status did not affect outcome, but the most deprived
patients sustain their fracture at a significantly younger age
(p = 0.001).

Conclusion We have demonstrated that ASA grade and
posterior tilt of the femoral neck are independent predictors
of fixation failure of undisplaced intracapsular hip fractures
in elderly patients, and ASA grade was also an independent
predictor of mortality.

Introduction

Hip fractures account for 12 % of all adult fractures pre-
senting to orthopaedic trauma surgeons [1], and are a major
cause of morbidity and mortality for elderly patients [2].
Although the reported annual incidence of hip fractures
during the last decade has plateaued [3], the population at
risk continues to increase [4]. Hence, elderly patients will
continue to form an increasing proportion of the ortho-
paedic trauma workload in the future.

Approximately 50 % of hip fractures are intracapsular
[5], of which 32 to 38 % are undisplaced [6, 7]. Conven-
tional management of an undisplaced intracapsular hip
fracture is by internal fixation; however, revision is
reported to be between 12 and 17 % at 1 year [8, 9].
Recently, Gjertsen et al. [7] demonstrated that outcome for
displaced intracapsular hip fractures managed with a
hemiarthroplasty was better than for undisplaced intra-
capsular hip fractures managed with internal fixation. If
patients with a high risk of revision surgery could be
identified before fixation of their undisplaced intracapsular
hip fracture, they may benefit from a primary hemiarthro-
plasty or, potentially, a total hip replacement [10]. Conn
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and Parker [8] identified age, mobility, and the lateral
Garden angle as risk factors for non-union after fixation of
undisplaced intracapsular hip fractures. Whether these or
other factors, for example social deprivation, are indepen-
dent predictors of failure of fixation is unknown.

One-year mortality after a hip fracture is approximately
30 % [11]. Independent patients surviving beyond this time
may benefit from a total hip replacement rather than
hemiarthroplasty [10, 12]. Isolated independent predictors
of survival have been identified for hip fractures, but these
are inclusive of intra and extra-capsular fractures [11, 13].
Holt et al. [2] specifically identified intra-capsular fractures
as being associated with reduced early mortality relative to
other hip fracture patterns. Predictors of patient survival
after sustaining an undisplaced intracapsular hip fracture
have not previously been described. If these predictors
were available, patients with a high risk of fixation failure
of their undisplaced hip fracture and who are likely to
survive beyond 1 year may benefit from an arthroplasty.

Social deprivation affects the outcome of orthopaedic
intervention [14, 15]. Quah et al. [15] demonstrated that
social deprivation was associated with an increased inci-
dence of hip fractures among elderly patients. Socially
deprived patients were younger, had greater comorbidity,
and suffered a higher unadjusted mortality relative to more
affluent patients [15]. The effect of social deprivation on
the outcome of specific hip-fracture patterns, for example
intracapsular fractures, remains unknown.

The primary purpose of this study was to identify predictors
of failure of internal fixation and 1 year mortality of elderly
patients sustaining undisplaced intracapsular hip fractures.
The secondary purpose was to describe epidemiology and
outcome for elderly patients with undisplaced intracapsular
hip fractures according to their socioeconomic status.

Patients and methods

Ethical approval was not required because the data reported
in this study were obtained during normal clinical follow-
up within the health care system of the reporting country.

During a 3-year period (2008-2010) we prospectively
compiled a consecutive series of 162 elderly (=65 years
old) patients who underwent internal fixation for an un-
displaced (Garden stage I or II [16]) intracapsular hip
fracture. The study centre is the only hospital receiving
adult trauma for a predominately urban population of
818,000 (East Lothian, Mid Lothian, West Lothian, and the
City of Edinburgh), of which 14.7 % are aged 65 years old
or more [17]. All patients from the catchment area who
were treated in the study centre but who resided outside
these areas were excluded from analysis. All patients
receiving their initial management outside our catchment

area but who resided within it were included. All data were
prospectively collected and recorded (NDC, KG, NM).
The patients demographic details, socio-economic sta-
tus, and American Society of Anesthesiologists (ASA)
grade were recorded. The patients socio-economic status
was assigned by use of the Scottish Index of Multiple
Deprivation (SIMD) [18]. Each patient’s postcode was
used to allocate their social quintile, with the first quintile
being the most deprived and the fifth quintile being the
least deprived. The radiographs were assessed by a single
author (NDC) and were classified according to the Garden
[16] and Pauwels [19] classification. Garden’s lateral angle
[20] was also measured and if the angle less than 170° the
patients were defined to have posterior tilt (Fig. 1). Screw
positioning was considered adequate if:
— it was parallel (<5° deviation);
— at least two screws were within 5 mm of the subchon-
dral bone;
— it had both posterior and calcar contact for support; and
— there was at least one screw in the posterior and one in
the inferior aspect of the femoral head [9].

Fig. 1 Lateral radiograph of the hip demonstrating posterior tilt (a),
with a Garden lateral angle of 145 degrees (b)
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All patients were managed according to hip fracture
protocols established by the Scottish Intercollegiate
Guidelines Network [21]. The study centre has eleven
orthopaedic trauma surgeons who were responsible for care
of the patients. No intra-operative reduction manoeuvres
were performed. Either a direct mini lateral approach or a
percutaneous approach was used to insert 6.5 mm AO
cannulated screws (Stratec Medical, Welwyn Garden City,
Hertfordshire, UK) under fluoroscopy guidance. Three
screws were used for all cases, with most screws being
placed in an inverted triangle configuration, depending on
surgeons’ preference. Patients were encouraged to bear
weight as able from the first post-operative day.

Patients were followed-up for a minimum of 1 year to a
maximum of 3.6 years, with a mean follow-up of 1.7 years.
No patient was lost to follow-up. Failure of the fixation was
defined as revision of the screws for any reason, or if there
was any intention to revise. Forty-three patients (27 %)
died during the study period, and the exact date was
retrieved from the General Register Office for Scotland
[22].

Statistical analysis

SPSS version 16.0 software was used for statistical analysis
(SPSS, Chicago, IL, USA). Unpaired t-tests or analysis of
variance (ANOVA) were used to compare linear variables,
and Chi-squared tests or a Fisher’s exact tests (if <10) were
used to compare dichotomous variables between groups.
Age and gender standardized mortality rate (SMR) was
calculated by use of life-expectancy data held by the
Scottish Office for the population at risk [22]. Kaplan—
Meier methodology was used to investigate survival. Cox
regression analysis, using forward conditional methodol-
ogy entering all case-mix variables, was used to identify
significant independent predictors of failure of fixation and
1 year mortality. A p value of <0.05 determined statistical
significance.

Results

The mean age of the patients was 81.8 years (range 65-98).
The mean age of males patients was 80.8 (range 66-96)
years; that of female patients was 82.1 (range 65-98) years
(unpaired ¢ test p = 0.37). Most patients were female and
had a severe systemic disease according to their ASA grade
(Table 1). A simple fall from standing height was the cause
of the fracture for all except one, who fell from a bicycle.
Our cohort was relatively affluent according to their
socioeconomic status. Garden stage I was the commonest
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Table 1 Case-mix variables for the study cohort (n = 162)

Case-mix variable n (%)
Gender

Male 34 (21.0)

Female 128 (79.0)
ASA grade

I 6 (3.7)

I 37 (22.8)

11 86 (53.1)

v 33 (20.4)
SIMD quintile

1 (most) 17 (10.5)

2 33 (20.4)

3 29 (17.9)

4 32 (19.7)

5 (least) 51 (31.5)
Garden stage

I 120 (74.1)

I 42 (25.9)
Pauwels

I 74 (45.7)

I 84 (51.9)

I 4 (2.5)
Posterior tilt

Yes 27 (16.7)

No 135 (83.3)
Adequate screw position

Yes 148 (91.4)

No 14 (8.6)

fracture pattern, with Pauwels grade III being a rare con-
figuration (Table 1). Posterior tilt was observed for 27
patients (16.7 %), and more than 90 % of patients were
classified as having had adequate screw fixation.

There were 28 failures of fixation during the study
period. This resulted in 1-year implant survival of 87 %
(95 % CI 81.5-92.5); this diminished to 81 % (95 % CI
75.9-86.1) and 78 % (95 % C171.9-84.1) at 2 and 3 years,
respectively, however (Fig. 2). The only significant risk
factors of fixation failure after univariate analysis were
ASA grade and the presence of posterior tilt (Table 2;
Figs. 3, 4). Subgroup analysis was also undertaken
according to surgical grade (p = 0.13, 4*) and surgeon
(p = 0.56, %) performing the surgery, neither of which
was a significant predictor of failure. ASA grade and the
presence of posterior tilt remained significant independent
predictors of fixation failure, after adjusting for con-
founding variables (Table 3). On post-hoc analysis, we
identified that those patients who had a shorter length of



Predicting failure and mortality 581

1004 hospital stay were more likely to fail than those patients
with a longer length of stay (unpaired ¢ test p = 0.003).
. Overall unadjusted mortality at 1 year was 19 %
(n = 30/162). ASA grade was the only significant risk
= 0% factor of 1-year mortality (Table 2), and remained the only
2 significant independent predictor of mortality (odds ratio
§ 0854 2.0, 95 % CI 1.3-3.1, Cox regression p = 0.003) after
E adjusting for case-mix variables. The overall SMR for the
O o080+ cohort was 23 (95 % CI 1.59-3.25, Chi-squared
p < 0.0001), but this varied according to gender and age
075 (Table 4). There was no significant difference between
genders (Chi-squared p = 0.23), but patients aged
0.70 1 65-79 year old had a significantly greater 1-year SMR
00 05 10 15 20 25 20 (Chi-squared p = 0.004) than older patients.
Follow-up (years) Incidence, patient demographics, and fracture patterns
were similar across all social quintiles, with no statistical
Fig. 2 Kaplan—Meier survival curve for fixation of elderly undis- difference (Table 5). The mean age, however, was
placed intracapsular hip fractures
Table 2 Effect of case-mix -
variables on the outcome of Cas.e_mlx Outcome
elderly intracapsular hip variable Fixation failure 1-year mortality
fractures
No Yes p value Alive Deceased p value
(n=134)  (n=28) (n=132) (n = 30)
Mean age (years)  81.9 81.3 0.72 81.6 82.4 0.59*
Gender (n)
Male 29 5 0.66 28 6 0.88**
Female 105 23 104 24
ASA grade (n)
I 3 3 0.03 6 0 0.02%%*
II 28 9 33 4
1 72 14 72 14
v 31 2 21 12
SIMD quintile (1)
1 (most) 12 5 0.40 14 3 0.32%%*
2 26 7 29 4
3 23 6 22 7
4 28 3 28 3
5 (least) 44 7 38 13
Garden stage (1)
I 99 21 0.9 97 23 0.72%%
I 35 7 35 7
Pauwels classification (n)
1 60 14 0.16 63 11 0.29%%*
1II 72 12 65 19
I 2 2 4 0
Posterior tilt (n)
Yes 16 11 <0.001 110 25 0.9%%*
No 118 17 22 5
Adequate screw position (7)
Yes 10 4 0.24 11 3 0.77%%*
* Unpaired ¢ test No 124 24 121 77

** Chi-squared test
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Fig. 3 Kaplan—Meier survival curve for fixation of elderly undis-
placed intracapsular hip fractures according to ASA grade

Table 3 Independent risk factors for failure of cannulated screw
fixation for undisplaced intracapsular hip fractures in elderly patients
using Cox regression analysis

Risk factor OR 95 % CI) p value
Lower Upper
ASA grade
ASA 1 Reference
ASA 2 0.49 0.23 1.04 0.09
ASA 3 0.30 0.08 0.92 0.03
ASA 4 0.13 0.02 0.78 0.01
Posterior tilt
No Reference
Yes 4.20 1.94 9.08 <0.0001

OR odds ratio

Table 4 One year SMR for elderly patients with intracapsular hip
fractures, according to age and gender

Group SMR 95 % CI p value*
10 1 All patients 23 1.59-3.25 <0.0001
Male 2.0 0.81-4.16 0.08
o Female 24 1.54-3.52 <0.0001
65-79 years 6.5 3.61-10.84 <0.0001
3% 80+ years 1.7 1.02-2.66 0.02
,;;; 07 - ST ' * Chi-squared test
E i
3
06 Ry
e patients, and ASA grade was also an independent predictor
i of mortality. Although social deprivation did not affect
outcome for undisplaced intracapsular hip fractures in the
047 elderly, the age at which the most deprived sustained their

00 05 10 15 20 25 30
Follow-up (years)

Fig. 4 Kaplan-Meier survival curve for fixation of elderly undis-
placed intracapsular hip fractures according to posterior tilt (solid line
no tilt, dashed line tilt)

significantly different among social quintiles (ANOVA
p = 0.001), with the most deprived patients sustaining
their hip fracture some 7 years earlier than the least
deprived (Fig. 5). There were no significant differences in
outcome according to social status, with similar fixation
failure, unadjusted mortality, and SMR being observed
(Table 5).

Discussion
We have demonstrated that ASA grade and posterior tilt of

the femoral neck are independent predictors of fixation
failure of undisplaced intracapsular hip fractures in elderly

@ Springer

fracture was significantly younger than more affluent
patients.

A limiting factor of this study was that only patients who
re-presented with pain or dissatisfaction and were subse-
quently revised were labelled as a failure. It is possible that
patients with limited functional demand or who died did
not re-present and may have become covert failures.
Hence, the fixation survival results we present probably
represent the best case scenario, which may be worse if all
patients had endured radiographic assessment. The pro-
spective nature, with a relatively large cohort and 100 %
follow-up from a defined catchment population, are the
main strengths of the study lending validity to our results.
We also tried to assess the effect of bone mineral density
on failure of the cannulated screws; only 46 patients in our
cohort had a dual-energy X-ray absorptiometry scan per-
formed before their hip fracture, however. Analysis of this
smaller sub-group revealed a trend toward significance for
increased failure in patients with lower bone mineral den-
sity (—1.2 versus —2.3, p = 0.09 un-paired ¢ test).
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Table 5 Patient demographics, fracture classification, and one year mortality according to deprivation index
Demographic Descriptive Socioeconomic deprivation (SIMD)
1 (n=17) 2 (n = 33) 3(n=29) 4 (n = 31) 5 (n=>51) p value
Age-adjusted incidence (n/10°/year) 36.8 48.3 46.6 46.6 41.6 0.48*
Gender (M/F) (n, % quintile) Male 5 (36.6) 3 (39.6) 7 (43.2) 4 (51.6) 14 (44.3) 0.18%
Female 12 (63.4) 30 (60.4) 22 (56.8) 22 (48.4) 37 (55.7)
Mean age (years: mean, SD) 78.2 (8.8) 80.5 (6.5) 80.2 (5.6) 81.2 (6.8) 85.1 (6.8) 0.001#%*
ASA grade (n, % of quintile) 1 2 (11.8) 1 (3.0 0 13.2) 1(2.0) 0.08%*
I 5(294) 10 (30.3) 7 (24.1) 5 (16.1) 10 (19.6)
1 10 (58.8) 18 (54.5) 11 (37.9) 20 (64.5) 27 (52.9)
v 0 4 (12.1) 11 (37.9) 5 (16.1) 13 (25.5)
Garden stage (n, % of quintile) I 14 (82.4) 21 (63.6) 22 (78.6) 23 (74.2) 39 (76.5) 0.62%*
| 3 (17.6) 12 (36.4) 7 (24.1) 8 (25.8) 12 (23.5)
Pauwels grade (n, % of quintile) 1 9 (52.9) 10 (30.3) 14 (48.3) 16 (51.6) 24 (47.1) 0.42%
2 8 (47.1) 22 (66.7) 14 (48.3) 13 (41.9) 27 (52.9)
3 0 1 (3.0) 1 (34) 1(3.2) 0
Mortality (n, % of quintile) Alive 14 (82.3) 29 (87.9) 22 (76.0) 28 (90.3) 38 (74.5) 0.44%*
Deceased 3(17.7) 4 (12.1) 7 (24.0) 309.7) 13 (25.5)
SMR 23 2.1 3.0 22 2.3 0.27*
* Chi-squared test
** ANOVA
o survival we observed may be because of the older age of
our cohort. Age was, however, not demonstrated to be a
predictor of implant survival in our elderly cohort, with
i only ASA grade and posterior tilt being significant pre-
£ dictors. Interestingly a lower ASA grade was associated
B with greater occurrence of fixation failure; this may be the
-3 - opposite to what is expected, because with increasing
‘é _|_ morbidity there is a greater rate of non-union for displaced
é intracapsular hip fractures [26]. It would seem from our
s cohort that increasing comorbidity for undisplaced intra-
capsular fractures in the elderly is not related to fixation
failure. The reason for this discrepancy is not clear, but
= ‘ . ' . . may be related to the functional demand of the patient,
1 2 3 4 s because patients with a lower ASA grade have an earlier
SIMD Quintile return to full weight bearing and independent living [27].

Fig. 5 Mean age at time of intracapsular hip fracture according to
social quintile (95 % error bars)

The implant survival we reported of 78 % at 3 years is
lower than that observed in previous studies. Survival of
83 % [9] to 100 % [23] have been reported, with the largest
series in the literature reporting 88 % survival [8]. The
reason for our lower reported survival may relate to the
case-mix variables of the cohort. We only included patients
aged 65 years or more, and hence the mean age of our
cohort (82 years) is the oldest reported in the literature [8].
Increasing age has been associated with non-union of
femoral neck fractures [8, 24, 25], and hence the lower

This is supported by the fact that patients with a shorter
length of hospital stay, being a marker of independence,
were associated with an increased risk of failure of fixation
for our cohort. This early mobilisation may increase the
stress upon the fixation and result in its failure. Hence, it
may be prudent to advise such patients to touch weight bear
in the first 6 weeks, as would be advised for patients who
have the same fixation for a displaced intracapsular hip
fracture [26].

We have confirmed that posterior tilt (anterior angula-
tion) on the lateral radiograph of the hip was an indepen-
dent predictor of fixation failure, this was previously
identified as a risk factor by Conn and Parker [8] for un-
displaced intracapsular hip fractures. The presence of
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posterior tilt probably relates to comminution of the pos-
terior aspect of the femoral neck. This is associate with an
inferior biomechanical construction when using cannulated
screws [28]. Patients with posterior tilt may benefit from
the biomechanical advantage of either four screws or a
fixed-angle device, for example a sliding hip screw, which
could potentially improve their survival [29]. According to
recent evidence from the Norwegian hip fracture register,
however, patients with displaced intracapsular hip fractures
experienced greater satisfaction, pain relief, and better
functional results than patients who had sustained undis-
placed intracapsular hip fractures managed with internal
fixation [7]. Gjertsen et al. [7] hypothesize this difference
in outcome may relate to the higher re-operation rate
associated with internal fixation (10 %) compared with
hemiarthroplasty (3 %). This would suggest patients with a
high risk of failure of internal fixation, lower ASA grade,
and posterior tilt on the lateral radiograph may be a specific
subgroup that would benefit from a hemiarthroplasty.

The 1-year unadjusted mortality we observed, 19 %, is
similar to that in previous reports [8], which is approximately
10 % less than for other types of hip fracture [11]. Patients’
age and gender have previously been shown to be indepen-
dent predictors of mortality for hip fracture [2, 13]; this was
not the case for our cohort. This may be related to the specific
subgroup we analysed, including only elderly patients with
undisplaced intracapsular fractures, which, as we have
shown, have a different outcome relative to other hip frac-
tures. The ASA grade was designed to predict peri-operative
mortality, which has previously been shown to be an inde-
pendent predictor of early mortality for hip fracture patients
[2]. We have also confirmed the predictive effect of the ASA
grade into the long-term. Patients with a lower ASA grade,
predicting longevity, but with risk factors for failure of
internal fixation may benefit from a primary total hip
replacement if we apply the rationale discussed above [10].

We are unaware of any previously published study
identifying younger age as being associated with a large
SMR, as we have illustrated, after a hip fracture. Most
studies analysing survival identify increasing age as a
predictor of mortality [2, 11, 13]. These studies, however,
did not use aged and gender-standardised methodology.
Patients sustaining an undisplaced intracapsular hip frac-
ture aged 65-79 years, with the greatest SMR, may benefit
from early ortho-geriatric review and medical optimisation
which may improve their survival [30].

Socially deprived patients in our cohort sustained their
hip fracture at a younger age than more affluent patients,
which has been established previously by Quah et al. [15].
However, we did not find any variance according to
deprivation in the incidence, level of comorbidity, or
mortality, which where demonstrated to differ by Quah
et al. In contrast our cohort had a 7-year age difference
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between the most and least deprived, which was greater
than that demonstrated by Quah et al. [15] (1 year).
Although mortality, both unadjusted and SMR, was not
significantly different, deprived patients sustained a morbid
fracture some 7 years earlier than the least deprived. The
reason for this disparity is not clear, but further work
should be undertaken to investigate this social discrepancy,
with the purpose of improving outcome for the most
deprived in our society.

Management of elderly patients with an undisplaced
fractured neck of femur with a high risk of fixation failure
is difficult, and future randomised control trials are
required to compare the outcome of alternative methods of
internal fixation and/or arthroplasty for these patients.

Conflict of interest The authors declare that they have no conflict
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