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Abstract
Purpose It is crucially important to optimise functional out-
come after fixation of trochanteric femoral fractures. While a
number of risk factors that predict a poor clinical course have
been identified, the influence of pre-existing radiographic os-
teoarthritis (OA) of the hip is unclear.
Methods The influence of pre-existing radiographic OA of
the hip on short- to mid-term functional outcome was prospec-
tively analysed in a cohort of patients undergoing proximal
femoral nailing for trochanteric fracture. OA was graded ac-
cording to Kellgren and Lawrence; functional outcome was
assessed at six and 12 months by the Harris hip score (HHS),
the timed up and go (TUG) test and the Barthel Index.
Results Our cohort comprised 188 patients (58 were male and
130 female), with a mean age of 82 years. At six and
12 months postoperatively, the HHS (p<0.001 and p=0.008,
respectively) and Barthel Index (p<0.001 and p=0.02, respec-
tively) correlated significantly with the grade of pre-existing
OA. After adjustment for confounding variables, there was a
significant association between the grade of pre-existing OA
and the HHS at six months (p=0.02). Although we observed
trends suggestive of other relationships, none reached statisti-
cal significance.
Conclusions Pre-existing radiographic OA of the hip is an
important determinant of clinical outcome in elderly patients
with a trochanteric femoral fracture. Further studies will be
needed to establish the most effective means of restoring hip

function after trochanteric femoral fracture in patients with
radiographic OA of the hip.
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Abbreviations
ASA American Society of Anesthesiologists
FU Follow-up
HSS Harris hip score
MMSE Mini-Mental State Examination
NSA Neck shaft angle
OA Osteoarthritis
PFF Proximal femoral fracture
SD Standard deviation
TUG Timed up and go

Introduction

As the proportion of elderly people increases in global popu-
lations, there has been an increase in the incidence of proximal
femoral fracture [1]. The majority of previously published
studies have focused on improving patient survival [2–4],
but the identification and modification of risk factors
predicting incomplete recovery and loss of autonomy are of
growing interest due to the immense socioeconomic burden
resulting from the need to care for this population [5].

Extra- and intramedullary fixation are widely accepted as
the therapeutic standards for the surgical treatment of trochan-
teric fracture, combining stable anatomic reconstructionwith a
minimally invasive approach [6]. In patients with pre-existing
radiological signs of osteoarthritis (OA) of the affected hip,
the effectiveness of internal fixation has been challenged and
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it has been suggested that in these circumstances primary total
hip arthroplasty would be more effective [7]. Nonetheless, the
influence of pre-existing OA on the functional outcome after
fixation of trochanteric fractures has not yet been studied in
depth, and there is little evidence upon which to base recom-
mendations regarding the optimal operative strategy.

To address this question, we analysed the impact of pre-
existing radiographic OA on the functional outcome in a pro-
spectively observed cohort of elderly patients undergoing
proximal femoral nailing for trochanteric fracture.

Patients and methods

We enrolled all consecutive patients undergoing proximal fem-
oral nailing for trochanteric femoral fracture at our level one
trauma centre (University Hospital) between 1 April 2009 and
30 September 2011 (Fig. 1). The analysed population was part
of a larger cohort of patients with a proximal femoral fracture.
Patients presenting with multiple trauma or malignancy-
associated fracture were excluded from the analysis.

The extent of pre-existing OA of the affected hip was
categorised according to the criteria proposed by Kellgren
and Lawrence [8] into grades 0–4 on standardised
anteroposterior radiographs of the pelvis independently by
two orthopaedic surgeons (CKB and PL); disagreement was
resolved through consensus. Radiographs were stored in an
archiving and communication system (IMPAX, AGFA
HealthCare GmbH, Bonn, Germany) and analysed using
IMPAX EE (AGFA HealthCare GmbH). The pre-fracture
Barthel Index, Mini-Mental State Examination (MMSE) and
American Society of Anesthesiologists (ASA) physical status
score were also recorded on admission.

Operative treatment was performed under general anaesthe-
sia on traction tables (Maquet, Rastatt, Germany) with the pa-
tient supine. Proximal femoral nails with a neck shaft angle of
130° (Zimmer Natural Nail System, Cephalomedullary Nail,

Zimmer, Inc., Warsaw, IN, USA) were used in 153 cases; 35
patients received intramedullary implants with a neck shaft an-
gle of 125° (Trochanteric Gamma3™ Locking Nail, Stryker
Corporate, Kalamazoo,MI, USA). Patients weremobilisedwith
full weight-bearing on the first postoperative day, drains were
removed 48 hours after the operation and further rehabilitation
followed a standardised protocol, including daily locomotor
training by a physiotherapist, mobilisation with crutches or
walking frame, deep breathing exercises and manual lymphatic
drainage. Deep venous thrombosis prophylaxis with low mo-
lecular weight heparin was maintained until patients recovered
sufficient ambulation. Finally, patients were transferred either to
specialised geriatric rehabilitation centres or nursing homes.

At six and 12 months postoperatively, the Harris hip score
(HHS), timed up and go (TUG) test and Barthel Index were
recorded. Surgical complications and revisions that occurred
during the follow-up period were also recorded.

Statistical analysis

For descriptive analysis, absolute mean values, standard devi-
ations, medians and ranges are reported. Data were tested for
normality using the Kolmogorov-Smirnov test. Age-
dependent distribution of the grade of OAwas depicted using
a scatter plot including a linear regression trend line and the
corresponding correlation coefficient, R2. The correlation be-
tween the grade of OA and the outcome measures was
assessed by means of Spearman’s correlation coefficient. Ad-
ditionally, a multivariate regression analysis to adjust for con-
founding variables was performed that included the grade of
OA, sex, age, ASA physical status score, MMSE on admis-
sion and pre-fracture Barthel Index.

The significance level was set at a p value <0.05. Data were
stored in a database (FileMaker Inc., Santa Clara, CA, USA)
and statistical analyses performed using Statistical Package
for the Social Sciences (SPSS version 22, IBM Corporation,
Armonk, NY, USA) and Excel 2010 (Microsoft Corporation,
Redmond, WA, USA).

Ethics

The study design was approved by the local Ethics Committee
(registration number AZ 175/08).

Results

Clinico-demographic characteristics, pre-existing OA
of the hip and functional outcome

During the study period, we treated 188 patients with a tro-
chanteric femoral fracture by proximal femoral nailing. TheirFig. 1 Follow-up of 188 patients with trochanteric femoral fractures
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mean age was 82 years; a more detailed description of their
demographic and clinical characteristics is given in Table 1.
Pre- and postoperative functional assessment scores are pro-
vided. The median grade of pre-existing radiographic OA of
the affected hip was 2: 14 patients were graded 0 (7 %), 65
graded 1 (35 %), 54 graded 2 (29 %), 30 graded 3 (16 %) and
25 graded 4 (13 %). Figure 2 shows a scatter plot demonstrat-
ing the relationship between age and grade of OA. Surgical
complications leading to revision surgery occurred in nine
patients, including cutting out (n=3), tractus iliotibialis irrita-
tion (n=2), peri-implant fracture (n=2), haematoma (n=2)
and infection (n=1). During the follow-up period, a total of
three patients were revised to total hip arthroplasty. No patient
was revised for progressive OA. Four patients died during the

hospital stay. Six- and 12-month mortality was 18 % (n=33)
and 23 % (n=43), respectively.

Correlation between grade of pre-existing radiographic OA
and functional outcome

We found a statistically significant correlation between the
grade of pre-existing radiographic OA of the affected hip
and hip-specific functional outcome at six and 12 months
postoperatively, as assessed by the HHS (Table 2). Further-
more, the performance in activities of daily living (Barthel
Index) correlated significantly with the grade of OA at six
(p<0.001) and 12 months (p=0.02). There was a nonsignifi-
cant trend suggesting possible associations between the extent
of OA and the HHS pain subscale, and between OA and the
TUG test. These findings are further supported by the analysis
of functional outcome relative to the grade of OA (Table 3).

Adjustment for confounding variables

Adjustment for confounding variables revealed a significant
association between the grade of OA and the HSS at
six months postoperatively (p=0.002, Table 4).

Discussion

The clinical and socioeconomic benefits of optimising func-
tional outcome in elderly patients with a trochanteric femoral
fracture are indisputable [9]. Internal fixation by intra- and
extramedullary implants is the current standard of surgical
treatment [10], but it has been proposed that primary total
hip arthroplasty may have additional benefits in patients with
signs of joint degeneration [7, 11]. However, in their prospec-
tive randomised trial Kim et al. reported that patients “with
proximal femoral nail had a shorter operative time, less blood
loss, fewer units of blood transfused, a lower mortality rate,
and lower hospital costs compared with those treated with the
long-stem cementless calcar-replacement prosthesis” [12],
thus emphasising potentially higher risks of primary
arthroplasty in patients with intertrochanteric fractures. These
results were confirmed in the cohort of Shen et al. [13]. Based
on their recent literature review, Hoffmann et al. proposed the
Hamburg Per- and Intertrochanteric Fracture Score to guide
treatment decisions in this fragile elderly population [11].
Here, the existence of significant OA has been included as a
parameter indicating advantages of arthroplasty over internal
fixation.

However, to the best of our knowledge, there has been no
systematic analysis of the influence of pre-existing radio-
graphic OA on the functional outcome in elderly patients
who have sustained a trochanteric femoral fracture. This

Table 1 Clinico-demographic characteristics, pre-existing OA of the
hip and functional outcome

Characteristic Value

Age in years (mean±SD) 82±8; median 83; range 60–99

Gender

Female 130 (69 %)

Male 58 (31 %)

ASA score 2.9±0.6; median 3; range 1–4

1 2 (1 %)

2 32 (17 %)

3 136 (72 %)

4 18 (10 %)

Pre-fracture Barthel Index 82±23; median 90; range 0–100

MMSE on admission 21±9.0; median 24; range 0–30

27–30 (normal) 61 (33 %)

20–26 (mild dementia) 70 (37 %)

10–19 (moderate dementia) 29 (15 %)

<10 (severe dementia) 28 (15 %)

HHS

6-month FU 64±19; median 64; range 8–100

12-month FU 68±18; median 67; range 8–99

HHS pain subscale

6-month FU 33±11; median 40; range 0–44

12-month FU 35±10; median 40; range 0–44

TUG test in seconds

6-month FUa 27±17; median 22; range 8–109

12-month FUb 28±20; median 25; range 8–120

Barthel Index

6-month FU 69±30; median 80; range 0–100

12-month FU 70±32; median 80; range 0–100

SD standard deviation, ASA American Society of Anesthesiologists,
MMSE Mini-Mental State Examination, HHS Harris hip score, FU fol-
low-up, TUG timed up and go
a Possible in 98 patients (79 %)
b Possible in 87 patients (81 %)
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prospective observational study revealed inferior functional
outcome and higher pain scores in patients with pre-existing
radiographic OA at six months postoperatively, and a trend
towards an inverse association between functional outcome
and the grade of OAwas observed at 12 months.

The clinical relevance of our study question and findings is
underlined by the high prevalence of osteoarthritic degenera-
tion of the lower extremities reported in large epidemiological
studies of elderly populations [14], which is further highlight-
ed by the incidence of OA in the analysed cohort (Fig. 2).

While there is little evidence of an inverse relationship be-
tween the incidence of hip fracture and OA, Calderazzi et al.
reported that the existence of OA affects the anatomic loca-
tion, potentially increasing the risk of trochanteric fracture
[15].

Studying specific determinants of the clinical outcome in
elderly patients with a proximal femoral fracture is complicat-
ed by the high prevalence of comorbidities in this population

Fig. 2 Scatter plot of patient age
and grade of OA according to
Kellgren and Lawrence. The
trend is characterised by the linear
regression trend line and the
corresponding correlation
coefficient, R2

Table 2 Correlation between OA and functional outcome and pain at 6
and 12 months postoperatively

OA

Patients’ functional
outcome

Spearman’s coefficient p value

HHS

6-month FU −0.352 <0.001

12-month FU −0.260 0.008

HHS pain subscale

6-month FU −0.217 0.016

12-month FU −0.134 0.176

TUG test

6-month FU 0.196 0.053

12-month FU 0.175 0.108

Barthel Index

6-month FU −0.340 <0.001

12-month FU −0.291 0.02

HHS Harris hip score, FU follow-up, TUG timed up and go

Table 3 OA grade-specific functional outcome at 6 and 12 months
postoperatively

Grade of OA

Patients’ functional
outcome and pain
(mean and SD)

0 1 2 3 4 p value

HHS

6-month FU 76±14 70±16 59±20 66±14 46±19 <0.001

12-month FU 73±17 73±17 61±17 72±17 56±18 0.008

HHS pain subscale

6-month FU 36±9 36±8 30±12 34±10 27±12 0.066

12-month FU 37±9 37±9 31±12 36±9 32±12 0.276

TUG test

6-month FU 21±17 27±16 31±22 26±14 34±8 0.146

12-month FU 27±21 23±12 32±23 39±20 39±36 0.433

Barthel Index

6-month FU 85±16 78±27 63±32 72±24 47±32 0.001

12-month FU 74±33 80±27 63±33 69±30 50±37 0.012

SD standard deviation, HHS Harris hip score, FU follow-up, TUG timed
up and go
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[16], as underlined by the mean ASA physical status and pre-
fracture Barthel Index scores of our cohort. We addressed the
influence of confounding variables by adjusting for pre-
fracture Barthel Index, MMSE, ASA physical status score,
sex and age in a multivariate regression analysis. However,
this approach does not account for all confounding factors,
such as patient motivation and compliance with treatment, or
variation in post-traumatic hip anatomy and joint biomechan-
ics [17]. Here, beneficial effects of femoral shaft medialisation
and a slight valgisation during the reconstruction of the neck
shaft angle had been reported previously [18, 19].

The measurement of outcome of elderly patients with a
proximal femoral fracture is not straightforward. In their re-
cent review, Hutchings et al. recommended the use of different
scales from more than one outcome category [16]. To maxi-
mise the interpretability of our results, three independent func-
tional measures were acquired: (1) the HHS, assessing hip-
specific functional outcome; (2) the Barthel Index, as a mea-
sure of performance in activities of daily living; and (3) the
TUG test analysing overall mobility.

Our study had some limitations. First, we assessed the
grade of pre-operative radiographic OA on standard radio-
graphs according to the classification proposed by Kellgren
and Lawrence. While the relatively low sensitivity of the
method has been highlighted before, a comparison with other
assessment tools conducted by Reijman et al. concluded that
the Kellgren and Lawrence grade remains a useful represen-
tation of the extent of radiographic OA of the hip [20]. Sec-
ond, our study was limited to a one year follow-up period and
does not provide long-term functional results. Furthermore, no

radiological follow-up was undertaken; thus, we are not able
to comment on the dynamics of cartilage degeneration or the
subsequent radiological signs of OA following trochanteric
fracture. Finally, our study does not allow conclusions to be
drawn that could offer therapeutic guidance to thosemanaging
patients with pre-existing OA and trochanteric fracture. Fur-
ther studies will be needed to assess the impact of intensified
non-operative measures such as early mobilisation, interdisci-
plinary pain management and improved care of the elderly on
postoperative functional outcome. Surgical alternatives would
be primary total hip arthroplasty [7, 11] or secondary joint
replacement following consolidation of the fracture.

Conclusions

We found that radiographic OAwas a clinically relevant risk
factor for inferior mid-term functional outcome in elderly pa-
tients with a trochanteric femoral fracture. Future intervention-
al studies aiming to optimise operative and non-operative ther-
apeutic protocols should account for the influence of pre-
existing radiographic OA of the hip on outcomes in this
population.
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