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Abstract
Purpose Various factors have been shown to affect the rehabilitation outcome of hip fractured patients. Considering the 
decrease in muscle mass with aging and its impact on mobility, we hypothesized that a relationship exists between hand grip 
strength and rehabilitation outcome.
Methods We retrospectively studied 373 post-hip fracture patients, admitted for rehabilitation. Muscle strength was meas-
ured by hand grip dynamometer. Main outcome measures: functional independence measure motor functional independence 
measure, motor functional independence measure effectiveness and length of stay). A favorable functional gain was defined 
as a motor Functional Independence Measure effectiveness score > 0.5. The Spearman correlation assessed the associations 
between hand grip strength and outcome measures. A multiple linear regression model tested whether hand grip strength 
was an independent predictor of discharge motor Functional Independence Measure scores and length of stay
Results Significant correlations were found between hand grip strength and functional outcomes. A significant independ-
ent association was found between hand grip strength and discharge motor Functional Independence Measure score after 
adjustment for confounding demographic and clinical variables. High hand grip strength on admission was significantly 
associated with a greater chance of achieving a favorable functional gain (OR 1.064, 95% CI, 1.01–1.13; p = 0.032). Hand 
grip strength was not found to be associated with length of stay.
Conclusion Hand grip strength is independently associated with rehabilitation outcome in post-acute frail hip fractured 
patients. Initial screening for hand grip strength on admission may help identify patients who require an intensive resistance 
exercise program.
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Introduction

Hip fracture often occurs in frail older people and is a major 
concern for the health care systems because it is associated 
with an up to 36% excess mortality within 1 year. Hip frac-
ture also represents a risk factor for further falls and frac-
tures, functional decline and institutionalization, with < 40% 

of hip fractured patients regaining their preinjury level of 
ambulation [1–3]. Predicting functional outcomes of hip 
fractured patients may enable clinicians to select treatment 
interventions, set rehabilitation goals and coordinate expec-
tations with the patients and caregivers to plan a proper dis-
charge program.

Rehabilitation outcome of hip fractured patients has been 
shown to be associated with a number of factors, including 
muscle strength [4–8]. Whereas hand grip strength (HGS) 
has been acknowledged as a direct measure of hand strength, 
it has frequently been applied as an overall measure of body 
strength [7, 9]. HGS is considered to be a reliable and port-
able strength test that can be administered in different set-
tings [7–10]. Previous studies have shown that HGS may 
predict important outcomes such as post-operative compli-
cations, morbidity and mortality, increased length of stay 
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(LOS), functional decline and institutionalization amongst 
middle-aged and older people [10, 11]. A reduced HGS was 
found to be associated with a poor ability to perform activi-
ties of daily living (ADL) and ambulation in hip fractured 
patients [4–8]. A recent systematic review and meta-analysis 
found that sarcopenia is a significant predictor of readmis-
sion in old inpatients, but is not associated with hospitaliza-
tion or length of stay in community-dwelling old adults [12]. 
Nevertheless, to the best of our knowledge, an association 
with rehabilitation outcome in post-acute frail hip fractured 
patients has as yet not been studied. The aim of this study 
was to assess the association between HGS and rehabilita-
tion achievements in post-acute hip fractured patients.

Methods

Participants

This retrospective study was performed in a university-
affiliated 300-bed major free-standing post-acute geriatric 
rehabilitation center, admitting older patients from nearby 
major acute hospitals. All consecutive hip fractured patients 
admitted to a 60-bed rehabilitation department from January 
2016 to December 2017, were enrolled in the study. Patients 
who had not completed the rehabilitation program (i.e., were 
admitted to a general hospital or skilled nursing ward due to 
worsening of their medical condition, died during the pro-
gram or unexpectedly ceased rehabilitation) were omitted 
from the statistical analyses.

Rehabilitation setting

The multidisciplinary team provided medical, nursing, 
physical, occupational, and social work interventions. 
Rehabilitation care included: (1) 30–45 min of individual 
physical therapy (PT) [i.e., improving transferring, walking 
the length of a room, climbing stairs, equilibrium and joint 
range of motion (ROM)], 2–3 times a week; (2) 30–40 min 
of physical therapy in an adapted fitness room, including 
muscle resistance training of major muscle groups (two sets 
of 8–12 repetitions), aerobic training on a treadmill with 
and without partial weight support and stationary bicycles, 
2–3 times a week; (3) 30– 40 min of virtual reality training 
of challenging functional tasks, two times a week and (4) 
30–45 min of individual occupational therapy (OT), (i.e., 
improving of basic ADL, cognitive evaluation and stimula-
tion, safety education, and learning to use assistive devices), 
three times a week. Weekly meetings were held with the 
multidisciplinary team as to the continuation of treatment 
and a progress review.

Measures

Functional, clinical and demographic data of patients 
admitted to rehabilitation were collected from their medi-
cal files. Functional variables included the functional 
independence measure (FIM) instrument [13], a disabil-
ity measure administered on admission and at discharge. 
The FIM comprises 18 parameters, each rated on a scale 
of 1–7 according to the degree of assistance required to 
perform a specific activity in 3 domains: ADL (8 param-
eters), mobility level (5 parameters) and cognitive func-
tion (5 parameters). The motor FIM (mFIM) includes 13 
parameters of ADL and mobility. The maximal total score 
for the FIM is 126 and for the mFIM, 91. The patient’s 
FIM score was assessed at multidisciplinary team meet-
ings. Cognitive function was measured by the Mini Men-
tal State Examination (MMSE) [14] and administered by 
occupational therapists. The degree of home care was 
defined as: dependent (24-hour assistance/supervision by 
staff provided by a health care agency); partially depend-
ent (assistance in basic ADL, usually 10–15 h/week, staff 
provided by the Israeli Social Security Agency) and inde-
pendent (no assistance needed).

Clinical variables included comorbidity and albumin 
level on admission. Vascular burden was defined as ≥ 3 
cardiovascular diseases. Demographic variables included: 
gender, living arrangements (home vs. nursing home), 
presence of a caregiver and educational level (elemen-
tary < 10 years; higher education ≥ 10 years). Data relat-
ing to the fracture included: fracture type (extracapsular, 
intracapsular), fracture side, type of treatment (operation, 
conservative), days from fracture to surgery and days from 
operation to rehabilitation. LOS was defined as the num-
ber of days patients resided in the rehabilitation center. 
Discharge destination and level of home care assistance 
at discharge were also recorded.

Functional gain was determined as an FIM and mFIM 
score change (discharge score–admission score). The 
relative functional gain achieved on the mFIM (mFIM 
effectiveness) score was calculated by the Montebello 
Rehabilitation Factor Score (MRFS) [15–17] which was 
designed to overcome the floor and ceiling effect problem 
and used to calculate each patient’s specific potential for 
improvement: mFIM score change (discharge mFIM score-
admission mFIM score) divided by the mFIM maximum 
score (91) minus the mFIM admission score.

Assessing muscle strength

Isometric HGS was measured on admission, using the 
 Camry® Digital Hand Grip Dynamometer. Results were 
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expressed in kilograms (100-g intervals). Assessment 
was carried out in a sitting position. The procedure was 
demonstrated to the patients and one trial prior to meas-
urements was performed to ensure their cooperation. The 
patients were instructed to keep their shoulder adducted 
and neutrally rotated, with the elbow flexed at 90° and the 
wrist in a neutral position and to squeeze the Camry HG 
with maximal strength. The highest results of two HGS 
trials with the dominant hand were recorded.

Statistical analysis

Statistical analysis was performed using the SPSS 19 for 
Windows. Data were expressed as either mean ± SD, medi-
ans and/or frequencies, as appropriate. A nonparametric 
Spearman’s correlation assessed the associations between 
HGS and outcome measures. A favorable functional gain 
was defined as an mFIM effectiveness > 50% [16]. The sig-
nificance of differences or associations in clinical, demo-
graphic, and comorbidity variables between patients who 
achieved a favorable functional gain during rehabilitation 
and those who did not, was assessed by the Mann–Whitney 
U and the Chi-square tests, respectively.

A multiple linear regression model estimated the asso-
ciation between admission HGS and outcome measures 
(discharge FIM and mFIM scores, mFIM effectiveness) 
and between admission HGS and LOS after controlling for 
sociodemographic characteristics and chronic diseases. A 
logistic regression analysis assessed the association between 
HGS and achievement of favorable rehabilitation outcome 
(mFIM effectiveness > 0.5).

The hospital’s Institutional Review Board (#0198–18-
RMC) approved the study.

Results

Population description

The initial study population consisted of 433 patients admit-
ted from January 2016–December 2017. Sixty patients were 
excluded from the final analysis: 35 were admitted to an 
acute hospital due to a worsening of their medical condition, 
five experienced complications during hospitalization and 
were transferred to a skilled nursing ward, 10 died during 
rehabilitation and 10 left before completion their rehabilita-
tion program. Table 1 presents the demographic, clinical and 
functional characteristics of the two groups (included vs. 
excluded). The group included in the study, showed a sig-
nificant lower percentage of individuals with a higher educa-
tional level, fewer were living with caregivers, had a signifi-
cant better metabolic status, presented with a significantly 
higher functional level upon admission to rehabilitation and 

exhibited a significantly lower rate of vascular burden com-
pared with the excluded group. No significant differences 
were noted in HGS between the two patient groups of both 
sexes. Of the 373 patients who terminated the rehabilitation 
program, 313 (83.9%) were discharged home; 128 (34.3%) 
needed partial assistance at home and 245 (65.7%) needed 
24-h assistance.

Hand grip strength

Significant correlations were found between HGS and func-
tional outcomes, but not with LOS (Table 2). No correla-
tion was found between time to surgery and HGS (r = 0.015; 
p = 0.775); whereas, a low yet significant correlation, was 
found between time from operation to rehabilitation and 
HGS (r  = − 0.151; p = 0.005).

A multiple linear regression analysis showed that HGS 
was significantly associated with a discharge mFIM score 
after adjustment for confounding demographic and clinical 
variables (Table 3).

A logistic regression revealed that the HGS on admission 
was significantly associated with a lower chance of achiev-
ing a favorable functional gain (mFIM effectiveness > 0.5). 
The higher the HGS, the greater the chances of achieving 
a favorable functional gain (OR 1.064, 95% CI, 1.01–1.13; 
p = 0.032) (Table 4).

HGS was not found to be associated with LOS (Table 5).

Discussion

The study results show that HGS is associated with reha-
bilitation outcomes in post-acute hip fractured patients. 
Many factors are known to affect functional outcome after 
hip fracture, the most significant include pre-fracture func-
tional and cognitive level [18–20]. These factors were shown 
to be significant in the current study as well. Nevertheless, 
HGS was also found to be an independent predictor of func-
tional outcome (as measured by the FIM tool) and for the 
achievement of favorable functional gain defined as mFIM 
effectiveness > 0.5) [16]. Previous studies have already 
demonstrated that HGS can be used as a marker of mus-
cle strength and that it is associated with physical perfor-
mance in community-dwelling older people. Rantanen et al 
showed that assessment of HGS in middle-aged individuals 
was highly predictive of functional limitations 25 years later 
[21]. Low HGS has been associated with increased mor-
tality, post-operative complications, increased LOS and 
increased disability amongst middle-aged and older people 
[10, 11]. Cooper et al in a meta-analysis based on 13 studies, 
found that higher HGS was associated with lower subse-
quent mortality [22].
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HGS was also found to be a significant factor affecting 
functional outcome and mobility recovery in hip fractured 
patients. Beloosesky et al found that measuring HGS a 
week after a hip fracture operation was highly correlated 
with motor functioning 6 months later [4]. Di Monaco et al 
showed that assessment of HGS in hip fractured patients on 
admission to rehabilitation was associated with the ability to 
perform ADL at the end of the inpatient rehabilitation and 
6 months later [5]. Visser et al. found that loss of muscle 
strength, but not muscle mass from baseline to 12 months 
after hip fracture, was associated with a poorer recovery 
of mobility function [7]. Savino et al. showed that HGS, 
assessed upon hospital admission before hip surgery, pre-
dicted walking recovery 1 year post-surgery [8].

Post-acute patients are usually very old and frail. At 
the age of 83 years, the average age of the current study 
population, patients had already lost > 50% of their muscle 

Table 1  Clinical and demographic characteristics of hip fractured patients

FIM functional independence measure, MMSE Mini Mental State Examination, BMI kg/ht2, vascular burden  ≥ 3 vascular diseases, HGS hand 
grip strength
*p value from the Mann–Whitney U test/Chi-square test

Sample characteristics Patients who completed rehabilita-
tion (n = 373)

Patients who did not complete reha-
bilitation (n = 60)

p value*

Demographic characteristics
Age (Y, SD) 83.3 ± 7.6 84.3 ± 7.8 0.892
Males (N, %) 61 (16.4) 16 (26.7) 0.068
Higher education ( ≥ 10 years) (N, %) 186 (49.9) 39 (65.0) 0.036
Living with a caregiver (N, %) 177 (47.5) 41 (68.3) 0.003
Residency (home) (N, %) 346 (92.8) 56 (93.3) 1.000
Surgical characteristics
 Time from fracture to surgery (D, SD) 1.5 (2.9) 1.7 (1.9) 0.122
 Time from surgery to rehabilitation (D, SD) 7.5 (4.9) 10.2 (7.6) 0.001
 Fracture type (intracapsular) (N, %) 110 (29.5) 20 (33.3) 0.547
 Fracture side (right) (N, %) 183 (49.1) 33 (55.0) 0.407
 Treatment type (operation) (N, %) 358 (96.0) 55 (91.7) 0.175

Functional characteristics
 Pre-fracture functional status 0.509
 Dependent (N, %) 3 (0.8) 1 (1.7)
 Partially dependent (N, %) 233 (62.5) 41 (68.3)
 Independent (N, %) 137 (36.7) 18 (30.0)

Admission FIM score (mean, SD) 58.8 ± 17.7 49.3 ± 17.9  < 0.001
Admission MMSE score (mean, SD) 19.3 ± 6.8 18.6 ± 6.4 0.448
Health characteristics
BMI 25.7 (4.9) 25.6 (5.6) 0.620
Congestive heart failure (N, %) 44 (11.8) 19 (31.7)  < 0.001
Vascular burden (N, %) 61 (16.4) 22 (36.7) 0.001
Depression (N, %) 112 (30.0) 15 (25.0) 0.450
Admission albumin level (mean, SD) 3.01 (0.39) 2.9 (0.45) 0.037
Female HGS (kg, SD) 13.0 (5.5) 11.4 (5.4) 0.163
Males HGS (kg, SD) 17.8 (7.5) 17.5 (7.7) 0.953

Table 2  Associations between admission hand grip strength and 
functional outcomes

HGS hand grip strength, FIM functional independence measure, 
mFIM motor FIM, LOS length of stay

Sample characteristics HGS (kg)

Mean admission FIM score 0.493 ( < 0.001)
Mean discharge FIM score 0.527 ( < 0.001)
ΔFIM 0.238 ( < 0.001)
Mean admission mFIM score 0.441 ( < 0.001)
Mean discharge mFIM score 0.508 ( < 0.001)
ΔmFIM 0.260 ( < 0.001)
mFIM effectiveness 0.408 ( < 0.001)
LOS 0.013 (0.813)
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Table 3  Multiple linear 
regression analysis of significant 
predictors of discharge mFIM

FIM functional independence measure, mFIM motor FIM, BMI kg/Ht2, MMSE Mini Mental State Exami-
nation, vascular burden  ≥ 3 vascular diseases, HGS hand grip strength
*r2 = 0.617

Predictors Unstandardized 
coefficients

Standardized 
coefficients

Standard error p value*

Age − 0.165 − 0.073 0.087 0.060
Sex (male vs. female) 2.886 0.063 1.709 0.092
Time from fracture to surgery − 0.329 − 0.052 0.223 0.141
Time from surgery to rehabilitation − 0.137 − 0.043 0.114 0.231
BMI − 0.279 − 0.079 0.127 0.029
Albumin level 5.3563 0.124 1.638 0.001
MMSE 1.271 0.488 0.113  < 0.001
Pre-fracture independent function 8.788 0.241 1.439  < 0.001
Vascular burden − 1.665 − 0.038 1.570 0.290
HGS 0.372 0.132 0.122 0.003

Table 4  Logistic regression 
analysis of significant predictors 
of favorable rehabilitation 
achievement

The enter method was used. Favorable rehabilitation achievement = mFIM effectiveness >  0.5
BMI kg/Ht2, P MMSE Mini Mental State Examination, Pre fracture functional independent vs. dependent 
and partially dependent, vascular burden  ≥ 3 vascular diseases, HGS hand grip strength

Predictors Odds ratio 95% Confidence 
interval

Significance

Age 0.984 0.94–1.03 0.440
Sex (male vs. female) 0.949 0.43–2.12 0.898
BMI 1.004 0.95–1.07 0.898
Time from fracture to surgery 0.866 0.73–1.02 0.090
Time from surgery to rehabilitation 0.992 0.93–1.06 0.802
Albumin level 0.894 0.41–1.96 0.780
MMSE 1.129 1.06–1.21  < 0.001
Pre-fracture independent function 3.601 1.95–6.65  < 0.001
Vascular burden 0.661 0.30–1.46 0.304
HGS 1.066 1.01–1.13 0.028

Table 5  Multiple linear 
regression analysis of 
significant predictors of LOS

LOS length of stay, BMI kg/Ht2, MMSE Mini Mental State Examination, FIM functional independent 
measure, vascular burden =  ≥ 3 vascular diseases, HGS hand grip strength
*r2 = 0.080

Predictors Unstandardized 
coefficients

Standardized 
coefficients

Standard error p value

Age 0.073 0.053 0.082 0.378
Sex (male vs. female) − 4.233 − 0.150 1.624 0.010
BMI 0.284 0.131 0.121 0.019
Albumin level − 4.982 − 0.181 1.577 0.002
Time from fracture to surgery − 0.084 − 0.023 0.199 0.673
Time from surgery to rehabilitation − 0.116 − 0.055 0.116 0.318
MMSE 0.197 0.128 0.105 0.062
Pre-fracture independent function 0.647 0.030 1.345 0.631
Vascular burden − 2.163 − 0.077 1.540 0.161
HGS − 0.122 − 0.071 0.115 0.290
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mass compared with individuals of 30 years old. The loss of 
muscle mass (sarcopenia), involves a number of underlying 
mechanisms including intrinsic changes in the muscle and 
central nervous system (such as a decrease in the proportion 
in type II fibers, a reduction in mitochondrial and myofibril-
lar protein synthesis rates, mitochondrial damages, loss of 
alpha motor units from the spinal cord) and humoral factors 
(alteration in hormone and cytokine production). Inadequate 
protein intake and low physical inactivity, common amongst 
older people, also contribute to the development of sarcope-
nia [23–25]. Several studies have suggested that the decrease 
in muscle strength is caused by increased fat infiltration, 
which occurs with ageing and contributes to the decline in 
muscle quality [26–28]. A critical review of available meth-
ods for muscle mass estimation, highlighting strengths and 
weaknesses of each, as well as their proposed field of appli-
cation was published by Tosato et al [29]. A positive cor-
relation was found between muscle mass and strength [30, 
31]. Nevertheless, a decrease in muscle mass was not always 
found to be associated with a decrease in physical perfor-
mance, whereas, a decrease in muscle strength was [7, 32, 
33]. Similarly, Beaudart et al found that poor quality of life 
is more related to muscle function than muscle mass [34].

Woods et al. found that hip strength is an important indi-
cator of physical functioning and, therefore, its measurement 
may be a useful screening tool in detecting patients at risk of 
functional decline and a requirement for additional care [33]. 
Hayashida et al. demonstrated that muscle strength is sig-
nificantly correlated with walking speed in both older men 
and women [31]. Prevention of decline in muscle strength, 
according to these authors, is necessary for health promotion 
in older people. Visser et al. found that lower knee extensor 
muscle strength is associated with an increased risk of loss 
of mobility in older men and women [28]. Several studies 
have examined the issue of exercising in improving muscle 
strength in the elderly. Host et al. found strong correlations 
between training intensity, lower extremity strength gains 
as well as improvements in measures of physical func-
tion [35]. They suggested that frail elderly adults post-hip 
fracture might benefit by extending their rehabilitation in a 
supervised exercise setting performing at high intensities to 
optimize gains in strength and physical function. Sylliaas 
et al. found that 12 weeks of progressive strength training, 
performed once a week as a follow-up to a more intensive 
training period, improves strength and endurance and results 
in better self-reported extended ADL and self-perceived 
health in post-hip fracture patients [36]. They claim that 
hip fractured patients comprise a group needing long-term 
follow-up to achieve the improvements crucial for independ-
ent functioning. Lee et al. in a meta-analysis, reported that 
progressive resistance exercise significantly improved over-
all physical functions after hip fracture surgery compared 
with a control group [37]. This was particularly effective in 

the areas of mobility, ADL, balance, lower limb strength and 
performance task outcomes.

The uniqueness of our study is the supplemental data 
regarding post-acute frail hip fractured patients. Our results 
suggest that HGS should be added to a growing list of factors 
associated with rehabilitation outcome in post-acute frail 
hip fractured patients. Further studies, however, are required 
to assess whether HGS might provide better or additional 
prognostic value compared to functional assessment by the 
FIM tool on admission to rehabilitation.

The multidisciplinary team should place a greater empha-
sis on increasing muscle strength when designing a rehabili-
tation program [37, 38]. In addition to aerobic training and 
flexibility exercises, physical therapy should include strength 
training to all large muscle groups taking place in a fitness 
room for at least two days per week. The training should be 
planned according to the American College of Sport Medi-
cine’s (ACSM) guidelines for the elderly [39]. Patients and 
caregivers should also be encouraged to self-exercise dur-
ing their free time in post-acute care. Progressive training 
after discharge is also recommended for those patients who 
are able to participate in the intervention [18, 35, 36]. A 
coordination of expectations with patients and caregivers, 
regarding rehabilitation outcome and the degree of assis-
tance needed after discharge, can be achieved, taking into 
account the patient’s muscle strength.

Limitations

Our study has several limitations. The study population was 
comprised of patients hospitalized in one ward in one post-
acute geriatric rehabilitation center, a fact that may weaken 
the generalization of our results. This was a retrospective 
study with its inherent limitations such as available outcome 
measures from patients’ files, missing data, etc. which might 
bias the results. There is no clear definition for favorable 
rehabilitation outcomes. We used the mFIM effectiveness 
and a cutoff of 0.5. This parameter, however, is not suitable 
for all populations and settings, thus comparisons of results 
might be limited. Finally, albeit, we tried to control for the 
possible effect of confounding, we cannot totally exclude the 
possibility of residual confounding associated with drugs 
and lifestyle habits (smoking, food intake, physical exercise).

Conclusion

HGS is associated with rehabilitation outcome in post-
acute frail hip fractured patients. Assessment of HGS may 
assist the multidisciplinary team in identifying patients who 
require an intensive resistance exercise program and enable 
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a coordination of expectation with patients and caregivers 
regarding rehabilitation goals and expected outcome.
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