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Background and purpose: Physical function assessment can be performed to assess functional 

mobility among older adults, especially after a traumatic incident such as lower body fracture 

(LBF). The objective of this study was to evaluate physical function of older patients with LBF 

after 3 months of discharge from the hospital.

Patients and methods: A total of 89 patients were followed up at the discharge phase. Four 

independent variables were tested: age, sex, type of fracture, and use of a walking aid before 

fracture. Mobility and strength were assessed with the Timed Up and Go (TUG) test and hand-

grip strength (HGS) test, respectively. 

Results: The majority of the patients were $65 years old (64%), female (61.8%), of 

Chinese ethnicity (50.6%), and had a hip fracture (51.7%). The mean time for TUG test was 

26.11 seconds, while mean HGS was 19.02 kg. We found significant differences in TUG test 

scores with respect to all independent variables tested: age (P=0.026), sex (P=0.011), fracture 

type (P,0.001), and use of a walking aid before fracture (P=0.004). Significant differences were 

also detected in HGS test scores with respect to all independent variables tested: age (P,0.001), 

sex (P,0.001), fracture type (P,0.001), and use of a walking aid before fracture (P=0.035).

Conclusion: Increasing age, female sex, having a hip fracture, and use of a walking aid before 

fracture predicted reduction in the physical function and strength among older adults with LBF.

Keywords: lower body fracture, Timed Up and Go test, handgrip strength test, rehabilitation

Introduction
The proportion of older adults is increasing in most countries. In Malaysia, the 

percentage of old-age people (.65 years old) is expected to rise from 5% (2010) to 

14.5% (2040). In 2016, the total fertility rate was reported as below the replacement 

level (1.9 babies born per woman throughout her reproductive life).1 This indicates 

that the population continues to grow older rapidly as fertility rates have fallen to 

very low levels and people tend to live longer.2 However, living longer does not mean 

that they are living healthier. Noncommunicable diseases are the main health concern 

among the older population worldwide. Osteoporosis has become one of the most 

common noncommunicable diseases among the aging population.3 It is character-

ized by low bone mass and structural deterioration of bone tissue, leading to bone 

fragility and ultimately fracture. Osteoporosis leads to ~9 million fractures annually 

worldwide.4 Osteoporotic fractures may affect any part of the human skeleton except 

the skull. Parts such as the proximal femur (hip), distal forearm, lumbar vertebrae, 

and ribs are the most common sites of osteoporotic fractures.5 It has been estimated 

that .40% of postmenopausal women and ~25%–33% of men aged 75 years and 
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above will eventually experience osteoporotic fractures.5,6 

Among all the osteoporotic fractures, hip fracture has 

received the most attention. There were many reports on 

the personal burden of this fracture, especially in terms of 

limited mobility.7,8

Hip fracture is one of the lower body fractures, which 

can be defined as any fractures that occur at the lower body 

parts including pelvis, lumbar vertebrae, upper leg, lower 

leg, ankle, foot, and toe.9 A hip fracture is often caused by 

a fall which may be associated with poor postural control 

or reduced muscle strength in the lower extremities.10,11 

Asymmetric vestibular function in the older adults may 

significantly contribute to falls and hip fracture.12

Physical function assessment is important for individual 

patients and the health care system.13,14 According to Jarnlo 

and Thorngren, hip fracture patients were associated with a 

lower mean speed at 2 years after the fracture compared to 

their control group.15 Additionally, it has been noted that at 

12 months postfracture, ,50% of hip fracture patients return 

to pre-fracture physical function.16,17 There are many impor-

tant predictors for return to baseline physical function such as 

cognitive status, surgical interventions, age, other comorbid 

conditions, and course following surgery.18–21

Timed Up and Go (TUG) test is a common method to 

assess functional mobility among older adults in geriatric 

clinics. The test measures speed during several functional 

movements, such as standing up, walking, turning, and sitting 

down. The test is convenient to be performed in clinical 

settings with limited training and equipment required.22 

This test is an integral measure of gait speed and balance, 

together with fall risk, which are the major determinants of 

osteoporotic fractures in clinical settings.23,24 Apart from 

TUG test, handgrip strength (HGS) test is recommended 

for the measurement of muscle strength and considered the 

simplest method for assessment of muscle function in clinical 

settings.25 In addition to assessing the strength of the upper 

extremities, HGS test has co-relation with the measurement 

of lower body strength26 and this indicates that the strength 

of both upper and lower body parts can be evaluated. HGS 

measurement is a reliable, valid, and feasible screening tool 

for the measurement of strength in multiple population.27 

Jamar dynamometer which is a commonly used tool for HGS 

test is considered as a device with excellent reliability and is 

easy to use and recommended by several societies such as the 

American Society of Hand Therapists and Brazilian Society 

of Hand Therapists.28 Muscle function measured by this test 

is related to muscle mass, which is a strong determinant of 

bone size,29 bone volumetric density,30 and associated bone 

strength. Thus, an individual with decreased muscle strength 

is at an increased risk of fracture.

Although hip fractures represent less than half of osteo-

porotic fractures in the older population, there were many 

studies which reported solely on hip fracture. Lower body 

fractures have been reported to represent about one-third of 

all types of bone fractures.31 Thus, in our study, we included 

all fractures of the lower body parts and sought to assess the 

physical function of the patients with lower body fracture at 

3 months post-discharge using TUG and HGS tests. In addi-

tion, we aimed to determine the relationship between age, 

sex, type of fracture, and use of a walking aid before fracture 

and TUG and HGS test scores. The relationships between the 

variables chosen may generate useful reference for clinicians 

in treating the patients with lower body fracture during their 

rehabilitation. To the best of our knowledge, this is the first 

detailed study to evaluate the physical function of patients 

with lower body fracture after discharged from hospitals 

in Malaysia. Other than that, this study is important due to 

multiracial population in Malaysia, in which the results might 

be different from other similar studies. Therefore, the health 

care system would gain benefit in improving their planning 

and management of patients with lower limb fracture specifi-

cally for the population in Malaysia.

Patients and methods
Study design and patients
This study was part of a vast project “Malaysia Bone 

Health and Osteoporosis Study” (MALBONES) which was 

conducted from February 2014 to February 2016. Patients 

admitted for lower body fractures to orthopedic wards in 

two hospitals in Klang Valley, Malaysia (Hospital Canselor 

Tuanku Muhriz [HCTM] and Hospital Kuala Lumpur [HKL]) 

were included based on the following inclusion criteria: 

1) aged 50 and above, 2) Malaysian citizenship, and 3) any 

type of lower body fracture (hip, upper leg, knee, lower 

leg, ankle, and foot). Meanwhile, patients with psychiatric 

problems, Alzheimer’s disease, dementia, or pathological 

fractures other than osteoporosis, cancer patients, patients 

living outside the Klang Valley, and patients with hearing and 

speech problems were excluded from this study. The bases 

for exclusion criteria were inability to follow instructions 

well, to avoid bias, and to reduce dropout rate during the 

follow-up visit. Data collection for this study was divided into 

three phases: the pre-fracture phase, ward admission phase, 

and 3 months post-discharge phase. However, physical func-

tion assessments could only be carried out during the post-

discharge phase. The minimum sample size was determined 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2019:15 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

203

Ibrahim et al

by using Green formula, N=50+8(m), where N represents 

“total participants of study” while m represents “indepen-

dent variable”.32 In our study, four independent variables 

(age, sex, types of fracture, and use of a walking aid before 

fracture) were chosen as they were frequently used in previ-

ous physical assessment studies.24,33,34 Thus, after inputting 

all the values in the formula, the minimum sample required 

was 82 participants. By considering 30% dropout rate, the 

minimum sample size was calculated to be 107 participants. 

Written informed consent was obtained from all participants. 

The local research committee of Universiti Kebangsaan 

Malaysia and the Research Committee Kuala Lumpur Hos-

pital (IRC-IIR/2014/011/156) had given approvals to conduct 

this study. This study was conducted under the guidance of 

the Declaration of Helsinki.

Procedures
All information related to demographic (sex, age, ethnicity, 

anatomy of fractured parts, fracture type) and clinical criteria 

(number of comorbidities, family history of osteoporosis, his-

tory of fracture) was collected while the patients were in the 

ward. Mobility status of the patients before and after fracture 

was also recorded. For assessing pre-fracture mobility status, 

patients were interviewed at the ward and required to report 

whether they have used walking aid or not before the fracture 

incident. The functional mobility assessment of the patients 

was performed with TUG test, which measures the patients’ 

ability to stand up from a 44 cm high armless chair, walk 

3 m, turn, walk back, and sit down.22,35,36 The TUG test was 

carried out in postfracture patients who could walk with or 

without a walking aid. Patients with walking aid could use 

the walking aid during the test. Patients who were unable to 

stand on their own and need help to get up were considered 

unable to perform this test and were excluded. The time 

needed to perform the test was a TUG test score and recorded 

in the unit of seconds.37 Each patient had one trial prior to 

performing the test, and any sort of human assistance was 

not permitted.

As for HGS test, only the dominant hand was tested, 

which gave higher readings than the nondominant hand38 

and because assessing both hands might take more time and 

energy of the patients and researcher. Patients who were 

unable to sit properly and perform this test according to 

the procedure were not allowed to participate. Jamar Plus 

hand dynamometer (S.I. Instruments, Hilton, SA, Australia) 

which was set at the second position was used for this test. 

The second position has been assumed to be the most reli-

able and consistent position and is the position advocated 

for routine use.25 During the test, the patient was asked to 

lean on a chair and sit up straight. Then, the patient was 

asked to hold the Jamar Plus hand dynamometer with the 

elbow at 90° flexion. After the patient was ready with this 

position, he/she was required to grip as hard as possible and 

the first reading was recorded. The patient was then asked 

to perform this test twice, and the highest score was taken 

as the final score for handgrip strength, recorded in the unit 

of kilogram. Prior to the second test, the patient was allowed 

to rest for 1 minute.25,39–41

Statistical analyses
Results were analyzed using SPSS software (version 22). 

Descriptive analysis was used to determine the frequency 

and percentage of mobility status of the patients, as well 

as to determine the minimum, maximum, and mean values 

of TUG and HGS test scores. The Mann–Whitney U test 

was conducted to determine significant difference between 

independent variables and the TUG test score, by means of 

median (IQR) value. The independent samples t-test was 

used to determine significant difference between independent 

variables and the HGS test score, which was expressed as 

mean ± SD. The level of significance was taken as P,0.05.

Results
At the initial phase (pre-fracture and ward admission), 

a total of 129 patients were recruited. At the final phase 

(3 months post-discharge), a total of 89 patients were left 

for the 3 months follow-up visit. The demographic data of 

the patients are shown in Table 1. Of the 40 patients who 

dropped out, 14 were dead, 11 withdrew from the study, and 

15 could not be contacted (Table 2).

Frequency and percentage of walking 
aid status
During pre-fracture phase, 32 (24.8%) patients used walk-

ing aids and 97 (75.2%) did not use walking aids. However, 

after 3 months of discharge from the hospital, the number 

of patients who used walking aids increased to 67 (75.3%), 

while the number of patients who did not use walking aids 

decreased to 22 (24.7%).

TUG and HGS test scores
The TUG and HGS tests were performed on patients after 

3 months of hospital discharge following admission for lower 

body fractures. The TUG test was performed according to 

the procedure for 57 patients who could walk on their own, 

while HGS test was performed for 82 patients who could 
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Table 1 The characteristics of the patients who remained after 
follow-up in this study

Characteristics Post-discharge phase, n=89, N (%)

Sex
Male
Female

Age (mean ± SD)

34 (38.2)
55 (61.8)
69.62±10.68

Age group (years)
50–64
$65

32 (36.0)
57 (64.0)

Ethnicity/race
Malay
Chinese
Indian

33 (37.1)
45 (50.6)
11 (12.4)

Number of comorbidities
0–2
$3

62 (69.7)
27 (30.3)

Family history of 
osteoporosis 

Yes
No

7 (7.9)
82 (92.1)

History of fracture
Yes
No

20 (22.5)
69 (77.5)

Anatomy of fracture parts
Hip and femur
Knee and lower leg
Ankle and foot

51 (57.3)
18 (20.2)
20 (22.5)

Fracture type
Hip fracture
Other than hip fracture

46 (51.7)
43 (48.3)

Note: Adapted from Ibrahim NI, Ahmad MS, Zulfarina MS, et al. Activities of daily 
living and determinant factors among older adult subjects with lower body fracture 
after discharge from hospital: a prospective study. Int J Environ Res Public Health. 
2018;15(5):1002. Creative Commons license and disclaimer available from: http://
creativecommons.org/licenses/by/4.0/legalcode.91

Table 2 Frequency and percentage of patients who succeeded for follow-up and causes for dropouts in the study

Follow-up status (3 months after discharge) Frequency, N Percentage (%)

Successful for follow-up visit 89 69.0
Died 14 10.9
Withdrawn from the study 15 11.6
Unable to contact 11 8.5

Note: This table was in reference to Ibrahim et al.91

perform the test according to the procedure. The mean scores 

of TUG and HGS tests were 26.11 seconds and 19.02 kg, 

respectively. The minimum, maximum, and mean values of 

TUG and HGS test scores are shown in Table 3.

Relation between TUG and HGS test 
scores and independent variables (age, 
sex, types of fracture, and use of a 
walking aid before fracture)
The TUG test scores showed significant changes with respect to 

all independent variables: age (P=0.026), sex (P=0.011), types 

of fracture (P,0.001), and use of a walking aid before fracture 

(P=0.004). Older patients ($65) needed more time to complete 

this test with a median (IQR) value of 23.75 (22) seconds com-

pared to middle-aged patients (50–64) with 18.50 (11) seconds. 

In terms of sex, female patients showed a higher TUG test score 

with a median (IQR) of 23.20 (19) seconds compared to male 

patients with 17.38 (11) seconds. In terms of types of fracture, 

hip fracture patients required more time to complete this test 

compared to patients with non-hip fracture with median (IQR) 

values of 30.43 (29) and 16.61 (5) seconds, respectively. In 

terms of the use of a walking aid before fracture, patients 

who used walking aid before fracture required more time to 

complete this test than the patients who did not use walking 

aid before fracture, with median (IQR) values of 45.53 (39) 

and 19.47 (12) seconds, respectively.

Significant changes were also found in the HGS test 

scores with respect to all the independent variables: age 

(P,0.001), sex (P,0.001), types of fracture (P,0.001), and 

use of a walking aid before fracture (P=0.035). Middle-aged 

category showed higher mean scores compared to older cat-

egory with a mean score of 25.34±10.22 and 15.18±7.11 kg, 

respectively. In terms of sex, male had a higher mean score 

with 26.18±9.37 kg, compared to female with a mean score 

of 14.20±6.47 kg. Meanwhile, the mean score of HGS test 

for hip fracture patients was lower with 15.12±7.82 kg, com-

pared to patients with non-hip fracture with a mean score of 

22.74±9.97 kg. In terms of walking aid use before fracture, 

patients who used walking aid had a lower mean score with 

14.92±7.41 kg compared to patients who did not use walk-

ing aid with a mean score of 20.26±10.03 kg. Descriptive 

statistics according to independent variables and data of TUG 

test score, HGS test score, and the independent variables are 

tabulated in Table 4.

Discussion
In our study, more than half of the patients needed to use 

walking aid for mobility following lower body fracture 

incidents. Hip fracture, which was recorded with a higher 

number of cases compared to other lower body fractures, was 

associated with high usage of walking aids after discharge 

from the hospital. According to Nygard et  al, most hip 
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Table 3 The minimum, maximum, and mean values of TUG and 
HGS test scores

Score values TUG test score, n=57 HGS test score, n=82

Minimum 9.0 seconds 2.0 kg
Maximum 73.0 seconds 48.7 kg
Mean 26.1 seconds 19.0 kg

Notes: Thirty-two patients were excluded from the TUG test as they were unable 
to stand on their own and needed help to get up. Seven patients were excluded from 
the HGS test as they were unable to sit properly and perform this test.
Abbreviations: HGS, handgrip strength; TUG, Timed Up and Go.

Table 4 Descriptive statistics according to independent variables and data of TUG test scores, HGS test scores, and the independent 
variables

Independent variables TUG test, n=57 HGS test, n=82

N (%) Median (IQR) 
(seconds)

P-value N (%) Mean ± SD 
(kg)

P-value

Age (years)
50–64
$65

27 (47.4)
30 (52.6)

18.5 (11)
23.8 (22)

0.026 31 (37.4)
51 (62.2)

25.3±10.2
15.2±7.1

,0.001

Sex
Male
Female

28 (49.1)
29 (50.9)

17.4 (11)
23.2 (19)

0.011 33 (40.2)
49 (59.8)

26.2±9.4
14.2±6.5

,0.001

Fracture type
Hip fracture
Non-hip fracture

26 (45.6)
31 (54.4)

30.4 (29)
16.6 (5)

,0.001 40 (48.8)
42 (51.2)

15.1±7.8
22.7±9.9

,0.001

Use of a walking aid before fracture
Yes
No

9 (15.8)
48 (84.2)

45.5 (39)
19.5 (12)

0.004 19 (23.2)
63 (76.8)

14.9±7.4
20.3±10.0

0.035

Abbreviations: HGS, handgrip strength; TUG, Timed Up and Go.

fracture patients were discharged from their final inpatient 

setting with a wheeled frame. Over time, the patients changed 

to non-wheeled walking aids and about 40% of the patients 

had not returned to their pre-fracture mobility status.42 In the 

current study, the percentage of patients who used walking 

aid increased from pre-fracture phase (24.8%) to postfrac-

ture phase (75.3%). This was parallel with the results of 

Laufer et al which showed that at pre-fracture phase, only 

18 hip fracture patients needed to use walking aids. During 

the first phase (3 weeks postoperation) and second phase 

(3 months postoperation), all the 44 patients (100%) needed 

to use walking aids. Eventually at the third phase of the 

study (2 years postoperation), 42 patients still needed to use 

walking aids.43 This may indicate that hip fracture patients 

had a high risk of not regaining the pre-fracture mobility 

status. This agrees with our study in which the percentage 

of patients who used walking aids was increased from about 

25% before fracture to about 75% after fracture.

It is postulated that if fracture stability is maintained, 

fracture impaction achieved by the weight-bearing phase 

of locomotion and fixation devices with sliding capabili-

ties may enhance bone healing process.44 Thus, regardless 

of full or slight application of burden on lower body parts, 

early ambulation that involves the use of walking aids 

seems to voluntarily limit loading on the injured limb.45 In 

older patients, slight application of burden on lower body 

parts may prevent medical complications that could inhibit 

healing process.46,47 The increased percentage of walking 

aid use after fracture in our study may be useful to promote 

fracture healing. In addition, physicians and physiotherapists 

should advise older patients to perform physical activity 

regularly, even light walking, to speed up healing process. 

Several previous studies had revealed that regular physical 

activity has been associated with better outcomes in the 

post-hip fracture period.48,49

TUG is a simple and quick test, requiring no special 

equipment or training to assess the status of mobility and the 

risk of falling among the older adults. TUG test is suitable 

to assess less healthy older people with lower functioning, 

as well as to predict the ability to go outside alone safely.22,50 

A study conducted by Podsiadlo and Richardson showed 

that health problems among the older adults had an impact 

on the general mobility status and the TUG test score in 

particular. In the study, the time taken to complete the TUG 

test was longer, between 10 and 240 seconds, among older 

people with various health problems such as vascular cata-

ract, Parkinson’s disease, rheumatoid arthritis, post-surgery 

following hip, and cerebral degeneration. Podsiadlo and 

Richardson categorized the TUG test scores into three main 

groups: ,10 (normal), 10–20 (good mobility, can go out 

alone, and no walking aid required), and 20–30 (problem in 

mobility, cannot go out alone, and requires walking aid).22 

Our present study reported that after 3 months of lower body 
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fracture, the mean TUG test score was 26.11 seconds, which 

fell into the “problematic, should not be allowed to go outside 

alone, and requires walking aid” category.

A study conducted by Ibrahim et al on a large sample of 

2,084 older patients in Malaysia had established TUG test 

normative data based on cognitive status, sex, and age. The 

results showed that patients without mild cognitive problems 

had a lower mean TUG test score of ,14.3 seconds for male 

and female. Meanwhile, for male and female patients with 

mild cognitive problems, the TUG test scores were ,12.9 

and 13.1 seconds, respectively.51 In our study, the mean 

TUG test score for both sexes with lower body fracture was 

26.11 seconds, which was even higher than patients with mild 

cognitive problems. The longer time taken to complete the 

TUG test in our study indicated that the lower body fracture 

had severely affected the mobility and physical functions.

Our results also showed that the time required to complete 

the TUG test was longer compared to a study conducted 

among 62 patients undergoing hemiarthroplasty for dis-

placed femoral neck fractures, aged between 55 and 100 

years. This Canadian study showed that after 3 months of 

hemiarthroplasty surgery, the mean TUG test score of the 

patients was 17.00 seconds. In addition, this study revealed 

that the optimal threshold for predicting the need for a walk-

ing aid at 2 years postoperation was 58 seconds at 4 days and 

26 seconds at 3 weeks.52 However, this finding could not be 

directly compared to the results of our study, since in our 

study TUG test was performed at 3 months post-discharge 

and included all types of lower body fractures, whereas the 

Canadian study had focused on hip fracture alone.

When compared to another study by Zasadzka et al, our 

study showed a longer mean time to complete the TUG test. 

The study of Zasadzka et al, which was conducted in Poland 

among older patients with lower extremity osteoarthritis, 

reported that older patients aged 60–69 years had a mean 

TUG test score of 12.9 seconds, while those aged 70–79 years 

had a mean TUG test score of 19.4 seconds.53 A longer time 

to complete TUG test was expected in our study as fracture 

of lower extremities is more serious than osteoarthritis, which 

might result in much worse condition and mobility status.

Several previous studies showed that a low TUG test 

score was closely related to low bone mineral density 

(BMD), increased risks of falling, and increased risk of bone 

fractures among the older adults.24,54 According to Bischoff 

et  al, normal mobility of older adults aged 65–85 years 

could be indicated with a TUG test score of ,12 seconds. 

As the mean TUG test score of our study was 26.11 seconds, 

this may indicate high risks of falling and refracture.55 

Hence, these findings should be taken seriously by the 

community and health professionals in terms of the impacts 

of lower body fractures on physical and mobility functions 

of older patients, and precautionary actions should be taken 

to prevent bone refracture.

Our results showed an association of TUG test score with 

all independent variables tested: age, sex, types of fracture, 

and use of walking aid before fracture. Based on several 

previous studies among the older adults, increasing age was 

the main factor contributing to lower TUG test score.56–58 

In the older adults, muscular weakness, poor balance, and 

neuromuscular abnormalities decrease mobility and lower 

the performance in daily activities and physical function.59,60

In our study, female sex showed significantly lower TUG 

test score compared to male, coinciding with the study of 

Thompson and Medley which reported that women were 

slower than men in TUG test (P,0.01) and the difference 

was much greater when using walking aid (P,0.0001). 

However, the participants involved were not fracture patients, 

but community-dwelling older adults using or not using 

walking aid.61 In addition, there were also other studies con-

ducted among aging adults which showed that female sex 

had a lower TUG test score than men.24,51,62 However, there 

was no strong consensus on sex-related findings on TUG test 

scores, as several other studies found no association between 

TUG test score and sex.54,63

In terms of the types of fracture, our study showed that 

hip fracture patients had a significantly lower TUG test score 

than patients with other lower body fractures. Previous stud-

ies on hip fracture patients also coincided with our results, 

revealing that the types of fracture may influence health 

outcomes.42,57,58 However, a study conducted by Kronborg 

et al on hip fracture patients aged 65 years and above did 

not find any significant difference between the TUG test 

score and types of fracture.64 Nevertheless, the findings by 

Kronborg et al must be carefully interpreted as the sample 

size was small (only 36 patients).

Our study demonstrated the association between the 

use of walking aid before fracture and the TUG test score. 

Lusardi et  al suggested that the use of walking aid was 

associated with significantly slower TUG test scores among 

community-dwelling people aged 66–101 years.33 This was 

also in accordance with the study of Cook et al which cor-

related slower performance in the TUG test with the use of 

walking aids pre- and postfracture.65

HGS test is a recommended assessment technique for the 

measurement of muscle strength and is the simplest method 

for clinical assessment of muscle function. As an assessment 
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measure, HGS test has been shown to have predictive validity 

and low values are related with falls,66 disability, impaired 

health-related quality of life,67 and increased mortality.68,69 

Grip strength can be measured quantitatively using a hand 

dynamometer. In our study, we used Jamar hand dynamom-

eter which was set at the most reliable position (second 

position) for all participants. Handle positions 1 and 5 have 

been found to be significantly less reliable than the other 

positions, but for people with very small hands, position 1 

may be appropriate.25

Several previous studies conducted among older adults 

revealed that lower HGS test scores were closely related to 

the decline in physical, social, and daily activities. In addi-

tion, low HGS test scores were also associated with low 

BMD, higher risk of falling, osteoporosis, and fragile bone 

fractures.70–75 The mean HGS test score found in our study 

at 3 months post-discharge was 19.02 kg, which was higher 

than a score of 14.50 kg reported by Taha and Sulaiman. 

The latter study was conducted among healthy older men 

and women aged 60–83 years in Malaysia with a limited 

sample size of only 30 subjects.76 Lam et al attempted to 

establish a normative data for HGS test among Malaysians 

aged .60 years without neurological conditions. They 

reported a higher mean HGS test score compared to our HGS 

test mean score. The mean HGS test scores for both sexes in 

urban area were 24.4 and 21.8 kg for the right- and left-hand 

side, respectively.77 Our study only tested the HGS of the 

dominant hand of the participants with lower body fractures. 

This might contribute to the different mean HGS scores.

There were statistically significant differences in the 

HGS test scores for all the independent variables tested in 

our study (age, sex, fracture type, and use of a walking aid 

before fracture). The HGS test score of older age category 

was lower than middle age category, which coincided with 

several previous studies. This indicated that age was a deter-

minant factor for HGS test scores.78–81 The aging process is 

associated with deteriorations in functional system (deficits 

in balance and strength performance), neural system (loss 

of sensory/motor neurons), muscular system (particularly 

type II muscle fibers atrophy), and bones (eg, osteoporosis), 

which may contribute to reduction of HGS test score 

in older adults.82

In addition, our study was in line with several previous 

studies that showed sex as an important factor affecting the 

HGS test score. This was expected due to physiological 

variations, with female having significantly lower mean 

HGS test score compared to male.78,80,83 In general, male 

have consistently higher HGS test score compared to female 

throughout life, due to higher levels of androgenic hormones, 

greater muscle mass,84,85 and greater height and weight.78,86

In our study, the mean HGS test score for hip fracture 

patients was significantly lower than patients with other frac-

ture types. This might be due to the fact that older population 

were prone to have fracture at low BMD-prone area such as 

the hip, proximal humerus, and vertebrae.87 According to 

Serdaroğlu Beyazal et al, HGS test score was significantly 

correlated with BMD, as postmenopausal women with osteo-

porosis had a lower HGS test score than postmenopausal 

women with normal BMD.88

According to previous studies, mobility problems in older 

adults were closely associated with low HGS test score. The 

presence of frailty and other age-related conditions such 

as sarcopenia and osteoporosis may worsen mobility and 

strength difficulties in older adults and contribute to low 

HGS test score.71,89,90 This was in line with our study as the 

dependency on walking aids before fracture was significantly 

associated with low HGS test score measured at 3 months 

post-discharge.

This study has several limitations. First, the follow-up 

period of 3 months for TUG and HGS assessments seems to 

be quite short. Ideally, the patients should be followed up at 

longer periods to have better assessments for reflections of 

mobility and strength after lower body fracture. In addition, 

the data on the walking aid status should be collected timely, 

as this may reflect the patients’ condition after the fracture. 

The second limitation is regarding the tests used for statisti-

cal analysis. A multivariant regression is required to control 

the other potential confounding factors. However, due to the 

dropouts and the strict procedure of both tests, we managed 

to obtain a limited sample size. The limited sample size did 

not fit with the multivariate approach which may affect the 

result interpretation of the constructed model. Alternatively, 

we performed nonparametric (Mann–Whitney U test) and 

parametric (independent samples t-test) tests to determine 

the significant differences. Preferably, a higher dropout 

rate for sample size calculation needs to be estimated to 

prevent this issue. For future studies, we will address these 

issues carefully.

Conclusion
This was the first study on TUG and HGS assessments of 

older patients with lower body fractures in Malaysia. Age, 

sex, types of fracture, and use of a walking aid before fracture 

could influence the physical function and strength of fracture 

patients. This could provide useful reference for the clinicians, 

researchers, and the community involved in the rehabilitation 
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and treatment of older fracture patients in Malaysia and other 

developing countries with similar demographic profiles. 

Even though the outcomes can be predicted based on several 

previous research, this study was performed to confirm the 

outcome for the Malaysian population due to differences 

in demographic, socioeconomic, and lifestyle aspects, and 

thus to improve the strategy for rehabilitation among our 

population. In the future, this study might contribute to 

the implementation of patient-centered discharge planning 

(ie, individualized discharge plans) instead of the routine 

discharge care that is currently practiced in many hospitals.
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