
ABSTRACT

Purpose. To identify predictors for rehabilitation 
outcome in Asian geriatric hip fracture patients.
Methods. Records of 153 consecutive Asian patients 
aged 61 to 99 years who underwent surgery for hip 
fracture and were followed up for at least one year 
were reviewed. They were stratified into 4 age-
groups: 60–69 years (n=27), 70–79 years (n=70), 80–89 
years (n=50), and ≥90 years (n=6). Any comorbidity, 
regardless of severity, was recorded. Pre-injury and 
postoperative functional status was evaluated using 
the 36-item Short Form Health Survey. Relative 
functional gain (RFG) is equal to absolute functional 
gain (physical component summary [PCS] score at 
one year minus PCS score at 6 weeks) divided by 
the maximum potential gain (maximum PCS score 
minus PCS score at 6 weeks). RFG of <0.5 and ≥0.5 
is defined as poor and good rehabilitation outcome, 
respectively.
Results. In univariate analysis, age 80–89 
years (p=0.026), arthritis (p=0.082), and 
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hypercholesterolaemia (p=0.014) were predictors 
for RFG. In multivariate analysis, age 80–89 years 
(p=0.016) remained a predictor for poor RFG, and 
hypercholesterolaemia remained a predictor for good 
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Conclusion. Poor rehabilitation outcome was 
associated with patient age of 80–89 years; an 
orthogeriatric approach may be beneficial in 
optimising rehabilitation outcome in elderly hip 
fracture patients. 
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INTRODUCTION

Geriatric hip fractures are a growing concern in 
countries with an ageing population.1,2 In Singapore 
from 1991 to 1998, the annual incidence of hip 
fracture in those aged >50 years was 152 per 100 000 
men and 402 per 100 000 women.2 The incidence has 
risen rapidly over the past 40 years and the trend is 
expected to continue.2,3 Hip fractures are associated 



154	 C Gatot et al.	 Journal of Orthopaedic Surgery

with the highest level of morbidity and mortality, 
largely due to functional deterioration and potential 
loss of independence. Therefore, hip fractures impose 
a considerable socioeconomic burden on society.3,4 
The recovery process also incurs psychological stress 
for patients and their carers, along with financial 
costs from hospitalisation and rehabilitation.3,5

	 Treatment for hip fracture consists of surgical 
intervention followed by intensive physiotherapy 
and rehabilitation.3,6 The goal is to return to pre-
morbid functional status.6,7 Preoperative status 
affects rehabilitation outcome, and the impact of 
each preoperative predictor can be determined by 
analysing the patient’s functional gain throughout 
rehabilitation.6,8,9 Functional status after rehabilitation 
may affect long-term survival and mortality; 
optimisation of rehabilitation is thus important.7

	 Identifying preoperative predictors (including 
age, previous ambulatory status, and fracture type6–11) 
may improve patient counselling and optimise 
rehabilitation to enable more favourable outcome in 
terms of quality of living, functional status, mortality, 
and health care.10–12 Age is a consistent predictor of 
postoperative functional status.8–12 This study aimed 
to identify predictors for rehabilitation outcome in 
Asian geriatric hip fracture patients.

MATERIALS AND METHODS

This study was approved by the SingHealth 
Centralised Institutional Review Board. Records of 
153 consecutive Asian patients aged 61 to 99 (mean, 
77.04; standard deviation, 7.44) years who underwent 
surgery for hip fracture at our hospital from June 2011 
to early March 2013 and were followed up for at least 
one year were reviewed. They were stratified into 4 
age-groups: 60–69 years (n=27), 70–79 years (n=70), 
80–89 years (n=50), and ≥90 years (n=6). 
	 Any comorbidity, regardless of severity, was 
recorded. Pre-injury and postoperative (at 1.5, 3, 6, 
and 12 months) functional status was evaluated by 
technicians and physiotherapists using the 36-item 

Short Form Health Survey.13 The survey comprises a 
physical component summary (PCS) including items 
of physical function, role function (physical), bodily 
pain, and general health, and a mental component 
summary (MCS) including items of vitality, social 
function, role function (emotional), and mental 
health.14,15 For musculoskeletal symptoms, PCS is 
strongly associated with the bodily pain scale.15 
	 Using the Montebello Rehabilitation Factor Score 
method,12,16 relative functional gain (RFG) is equal to 
absolute functional gain (PCS score at one year minus 
PCS score at 6 weeks) divided by the maximum 
potential gain (maximum PCS score minus PCS score 
at 6 weeks).12,16,17 RFG is more relevant than absolute 
gain, as it accounts for the maximal potential gain.17 
RFG of <0.5 and ≥0.5 is defined as poor and good 
rehabilitation outcome, respectively.12

	 Univariate and mulitvariate analyses were used 
to determine predictors for RFG; a p value of 0.20 
and 0.05 was considered statistically significant, 
respectively. In addition, rehabilitation outcome 
at each interval in patients with femoral neck 
fracture was compared with that in patients with 
intertrochanteric fracture.

RESULTS

The mean absolute PCS score improved at each 
postoperative interval, except for patients aged ≥90 
years in whom the score improved at 3 and 6 months 
but decreased at one year (probably due to increased 
frailty). Nonetheless, the one-year score was lower 
than the pre-injury score (Table 1). 
	 In univariate analysis, age 80–89 years (p=0.026), 
arthritis (p=0.082), and hypercholesterolaemia 
(p=0.014) were predictors for RFG (Table 2). In 
multivariate analysis, age 80–89 years (p=0.016) 
remained a predictor for poor RFG, and 
hypercholesterolaemia remained a predictor for good 
RFG (Table 3).
	 Compared with patients with an intertrochanteric 
fracture, those with a femoral neck fracture achieved 

Age-group (years) Mean absolute PCS score

Pre-injury 6 weeks 3 months 6 months 1 year

60–69 79.79 42.48 58.07 67.04 73.47
70–79 72.83 35.23 45.33 54.14 58.70
80–89 65.78 36.47 43.39 50.28 53.62
≥90 54.38 30.08 52.46 57.00 46.42

Table 1
Mean absolute physical component summary (PCS) score before and after rehabilitation
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Variable No. (%) of patients B OR (95% CI) p Value

Age-group (years)
60–69 27 (17.6) - - 0.152
70–79 70 (45.8) -0.480 0.619 (0.253–1.513) 0.293
80–89 50 (32.7) -1.120 0.326 (0.122–0.873) 0.026
≥90 6 (3.9) -0.767 0.464 (0.072–2.976) 0.418

Gender
Female 103 (67.3) - - -
Male 50 (32.7) 0.423 1.527 (0.765–3.048) 0.230

Comorbidities
Arthritis 5 (3.3) 1.970 7.170 (0.781–65.812) 0.082
Stroke 16 (10.4) -0.297 0.743 (0.244–2.259) 0.601
Hypertension 103 (67.9) 0.209 1.232 (0.608–2.499) 0.562
Ischemic heart disease 27 (17.6) -0.011 0.989 (0.418–2.338) 0.979
Parkinson’s disease 6 (3.9) -20.746 0 0.999
Renal disease 5 (3.3) 0.120 1.127 (0.183–6.957) 0.897
Diabetes 45 (29.4) 0.429 1.535 (0.755–3.121) 0.237
Depression 3 (1.9) -20.713 0 0.999
Cognitive impairment 8 (7.8) -0.606 0.545 (0.106–2.798) 0.467
Hypercholesterolemia 61 (39.9) 0.846 2.330 (1.188–4.568) 0.014
Vascular disease 1 (0.7) -20.692 0 1

Fracture type
Femoral neck 97 (63.4) - - -
Intertrochanteric 56 (36.6) -0.227 0.797 (0.401–1.585) 0.518

Table 2
Univariate analysis for predictors of relative functional gain

Variable B OR (95% CI) p Value

Age-group (years)
60-69 - - 0.119
70-79 -0.667 0.513 (0.201–1.310) 0.163
80-89 -1.269 0.281 (0.100–0.790) 0.016
≥90 -0.785 0.456 (0.067–3.083) 0.421

Arthritis 1.855 6.389 (0.658–62.014) 0.110
Hypercholesterolemia 0.990 2.692 (1.323–5.479) 0.006

Table 3
Multivariate analysis for predictors of relative functional gain

better absolute PCS score, absolute functional gain, 
and RFG at 3 months (p<0.001, p=0.009, and p=0.014, 
respectively) and at 6 months (p<0.001, p=0.004,  
and p=0.001, respectively), but not at one year (Table 
4). 

DISCUSSION

In hip fracture patients followed up for one year, 
increased age is associated with decreased percentage 
of successful rehabilitation.8–12,18 Our study showed 
those aged 80–89 years had poorer one-year 
rehabilitation outcome (in terms of RFG) than those 
aged 60–79 years. This could be due to weakness of 
the hip muscles secondary to ageing and inactivity.19 
However, patients aged ≥90 years did not have 

poorer rehabilitation outcome. This could be because 
such patients had a low baseline level and thus high 
relative gain. SF-36 is a subjective score; elderly 
patients with a low expectation of their attainable 
ambulatory ability may perceive any functional gain 
as good. In addition, the sample size for this age-
group was small.
	 In our study, hypercholesterolaemia was 
associated with good rehabilitation outcome. 
Although the association of lower cholesterol level 
with frailty and poorer rehabilitation outcome has 
been reported, the association of high cholesterol with 
good rehabilitation outcome has yet to be proven.20 
Possible explanations may involve socioeconomic 
factors, nutritional status, and the effect of concurrent 
treatment of hypercholesterolaemia on rehabilitation. 
Arthritis was not an independent predictor, probably 
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Functional outcome Intertrochanteric 
fracture (n=56)

Femoral neck 
fracture (n=97)

95% CI p Value

Mean physical component summary score
3 months 39.3 51.8 5.92–18.96  <0.001
6 months 45.1 61.1 8.50–23.54  <0.001
1 year 54.9 61.6 -1.69–14.86  0.117

Absolute functional gain
3 months 6.12 13.13 1.77–12.26 0.009
6 months 11.89 22.48 3.48–17.70 0.004
1 year 21.77 22.92 -6.416–8.724 0.763

Relative functional gain
3 months 0.036 0.196 0.034–0.680 0.014
6 months 0.143 0.402 0.106–0.581 0.001
1 year 0.333 0.385 0.401–1.585 0.518

Table 4
Functional gain in patients with intertrochanteric fracture versus femoral neck fracture

because age was a confounder for arthritis.
	 In our subgroup analysis comparing the progress 
of rehabilitation outcome at each interval in patients 
with different fracture types, the absolute PCS  
scores, absolute functional gain, and RFG at 3 and 6 
months was better in patients with a femoral neck 
fracture than an intertrochanteric fracture, but at one 
year their score was comparable. This is consistent 
with studies reporting better functional outcome 
within 6 months in patients with a femoral neck 
fracture.9,21,22 
	 Our study demonstrated the association between 
one-year rehabilitation outcome (in terms of RFG) 
and age. This can be used to guide preoperative 
counselling and targeted interventions. For patients 
aged 60–79 years, aggressive rehabilitation and 
physiotherapy should be used. For patients aged 
80–89 years, a preventive approach for rehabilitation 
may be more appropriate, as they may lack the 
physiological potential to regain their pre-morbid 
functional level. Nursing facilities and home care 
support may potentially be needed for this age-group 
in view of their poorer rehabilitative potential. For 
patients aged ≥90 years, aggressive rehabilitation is 
not needed. 
	 One limitation of this study was that it was 
conducted on an Asian population and findings 

may not be generalised to other populations. The 
sample size of the age-group of ≥90 years was small. 
Occurrence of certain comorbidities such as stroke, 
depression, cognitive impairment, arthritis, renal 
failure, and vascular disease was low. Confounders 
such as socioeconomic status and social support were 
not accounted for. 

CONCLUSION

Poor rehabilitation outcome was associated with 
patient age of 80–89 years; an orthogeriatric approach 
may be beneficial in optimising rehabilitation 
outcome in elderly hip fracture patients. 
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