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Abstract

Background Pinch and grip strengths are vital indicators of upper limb function, musculoskeletal health, and general
health. While most research has focused on older individuals, it is crucial to build normative data for younger popula-
tions. This cross-sectional study was conducted to determine the normative values for lateral pinch strength (LPS)

and hand grip strength (HGS) in healthy adult Singaporeans.

Methods The study recruited 500 healthy individuals without any serious general illnesses and upper limb pain,
aged 21-80 years. LPS and HGS were measured using a standardized JAMAR hand dynamometer. Age, gender, hand
dominance, and participant demographics were recorded. Normative values were then established for different age
groups and hand dominance. A machine learning approach was employed to determine the most relevant variables
for dominant LPS and HGS in our data, respectively.

Results Our data showed that HGS and LPS peaked between 40-44 years of age in women. In men, average HGS
peaked between 35-39 years and LPS peaked between 50-54 years. Compared to the non-dominant side, dominant
HGS was 6.86% and 6.23% higher in women and men, respectively. The difference between dominant and non-dom-
inant LPS in men and women was 6.96% and 9.18%, respectively. Age was strongly associated with hand strength

for older participants, but not for younger ones. Height, weight, and age were important for predicting dominant HGS
and LPS, and gait speed for HGS only.

Conclusions Our data align with past results, but the normative values are comparatively lower than the consoli-
dated Western norms. Compared to the non-dominant hand, the strength of the dominant hand is significantly
higher. No statistical difference between the right- and left-handed participants in terms of dominant HGS and domi-
nant LPS. The results can be valuable for researchers and healthcare providers working with young and older adults.
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Introduction

In recent years, there has been a growing interest in
physical strength and movement as valuable indicators
of an individual’s performance, functional capacity, and
overall health. In particular, lateral pinch strength (LPS)
and hand grip strength (HGS) have emerged as reliable
measures that can be assessed easily in clinical settings
[1, 2]. Earlier studies have demonstrated strong associa-
tions between low grip strength and adverse health out-
comes, e.g. disability, cardiovascular events, and overall
morbidity [3, 4]. HGS is a reliable predictor of functional
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decline in the elderly [5-7]. LPS and HGS assessments
are equally important in sports because they pro-
vide insights into overall muscle function, upper limb
strength, and physical health, all of which are critical for
athletic performance [8]. Grip strength has been studied
in sports that demand upper body power, such as rock
climbing [9], gymnastics [10], and rowing [11].

Upper limb injuries, such as fractures and repetitive
strain injuries, often result in reduced strength and lim-
ited engagement in activities of daily living (ADLs). In
Singapore alone, hand fractures are notably prevalent
among younger individuals, particularly those working in
the construction and manufacturing industries [12, 13].
Poor ergonomics, repetitive use, and overuse of the wrist
and hand can lead to carpal tunnel syndrome, which
damages the peripheral nerve fibres and even introduces
maladaptive reorganization in the central nervous sys-
tem [14, 15]. Grip strength assessment is typically used
following hand surgery or injuries to examine both func-
tional recovery and clinical outcomes [16], or to monitor
shoulder rotator cuff function [17].

Complimentary to HGS measurement is the assess-
ment of pinch strength, which emphasizes distal function
and fine motor control [18]. Together with grasping, the
ability to pinch is often assessed in stroke populations
as part of upper limb assessments, for example, in the
Action Research Arm Test (ARAT) [19]. Reduced hand
strength in stroke patients, including pinch strength, has
been found to impact upper extremity functions and the
ability to perform daily activities [20]. Moreover, stud-
ies have assessed the impact of surgical treatments on
LPS, such as ligament reconstruction for carpal tunnel
syndrome [21] and trapeziectomy for thumb basal joint
arthritis [22]. Thus, HGS and LPS assessments not only
aid in identifying functional limitations to inform inter-
ventions but are also essential in monitoring post-surgery
recovery.

Grip strength assessments have long been utilized in
clinical and rehabilitation settings to evaluate upper limb
function in individuals with medical conditions, such as
stroke and hand injuries. However, the interpretation of
these assessments relies on appropriate reference values
derived from healthy individuals [23]. Establishing nor-
mative datasets for grip and pinch strength is essential
to differentiate pathological weakness from expected
age-related decline, facilitating early detection of impair-
ments and guiding rehabilitation strategies. The current
study established a normative dataset of HGS and LPS
in a multi-ethnic Singaporean adult population. In each
measure, the impact of hand dominance and the effect of
different age and gender strata were investigated. Con-
tributions of demographic factors to the strength of the
dominant hand were further examined using data-driven
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techniques, as the hand is essential in many ADLs and
fine motor control. To date, there is no report of LPS
in healthy adults across all age groups, and no report of
HGS in younger Singaporean adults below 50 years old.
The most recent study conducted locally by Pua and col-
leagues [24] provides the normative range of older adults
above 50 years old. Our results offer a normative bench-
mark for evaluating upper limb strength and functional
capacity of older adults in Singapore, as well as younger
adults with prior relevant injuries. Additionally, we com-
pare our findings with existing normative datasets from
other Asian and Western populations to contextualize
regional differences in hand strength.

Materials and methods

Study design

The data reported here are part of the ‘Ability Data’ pro-
ject, a recent initiative to build an Asian-centric move-
ment database of basic ADLs [25]. The data provide a
valuable reference for detecting movement deviation and
measuring general human physical performance. The
study was approved by the Nanyang Technological Uni-
versity Institutional Review Board (IRB- 2018-04-014).
All recruited participants provided written informed
consent prior to the data collection.

A trained researcher measured the weight and height
of each participant using a scale with a stadiometer, accu-
rate to the nearest 0.1 points. Body mass index (BMI)
was calculated by dividing the weight (in kilograms) by
the square of height (in meters), i.e. weight scaled to
height as a reliable indicator of body fatness. Additional
information, such as education level, employment sta-
tus, and race, was also collected. Participants then per-
formed a series of activities of daily living (ADLs) tasks
while being recorded by a high-definition motion capture
system (Qualisys AB, Sweden). The ADL tasks included
walking, stepping up and down, picking up objects, put-
ting objects on a shelf, simulated feeding and turning
a key. Pinch and grip strength were measured after the
ADL tasks. Only the grip and pinch strengths, and gait
speed from the 10-m walk were used and reported in
this research. Gait speed was generated from the motion
analysis using Visual3D (C-Motion, Inc).

Grip and pinch strength measurement

Jamar Plus +Digital Hand Dynamometer and Jamar
Digital Pinch Gauge (Sammons Preston, Bolingbrook,
IL, USA) were used to assess the maximum hand grip
strength (HGS) and lateral pinch strength (LPS) respec-
tively. Grip strength measures the muscle force exerted
by the hand and forearm while squeezing the dynamom-
eter. Pinch strength, on the other hand, follows the lateral
key pinch measurement where a pinch gauge is placed
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between the thumb pulp and the lateral aspect of the
middle phalanx of the index finger [26]. Both tests evalu-
ate resistive strength where a participant exerts maxi-
mum voluntary contraction with the hand.

The procedures in the data collection followed closely
the recommendation by the American Society of Hand
Therapists [27]. Before the measurement, a study team
member explained the procedure to each participant.
Participants were asked to sit on a chair comfortably
with both feet on the ground, the shoulder in a neutral
position, and the elbow at a 90-degree angle. They were
then instructed to squeeze each device as hard as they
could for 3 s [28]. The grip strength of the dominant and
non-dominant hands was measured first, followed by the
pinch strength in a similar manner after a short break.
Each measurement was done thrice consecutively with
a 10-s break in between. The average of the three values
was taken as the participant’s nominal performance.

Participants

Five hundred healthy volunteers of Asian ethnicity
who are residing in Singapore, aged 21 to 80 years old,
enrolled and completed the trials for the movement data-
base initiative. They were excluded if they had (1) prior
neurological conditions, musculoskeletal issues, or sur-
geries and other medical conditions that require active
treatment or therapy within the previous three months;
(2) depression or mental health conditions that interfere
with daily task performance; (3) visual problems that
recently resulted in an accident, fall, or near-fall; (4) skin
lesions or known skin allergies that would interfere with
marker placement; and (5) inability to engage in daily
activities normally. Of the 500 participants, 495 of them
were included in the analytical sample. Four persons with
missing HGS and LPS data and one with incorrect data
registration were excluded. Hand dominance was deter-
mined based on a self-reported answer. Responses in the
analytical sample were either (1) right hand (90%); (2) left
hand (8%); or (3) ambidextrous (1%). For the ambidex-
trous participants, the hand with the higher HGS value
was considered dominant.

Statistical analysis and feature selection

All statistical analyses were performed using R environ-
ment (v4.1.2; R Core Team 2021). Normative values of
each HGS and LPS were presented as descriptive sta-
tistics, separated by gender, hand dominance, and age
strata. The normality assumption and the assumption of
the homogeneity of group variances were checked using
the Shapiro—Wilk’s test and Levene’s Test, respectively.
If the assumption of normality was violated, the Wil-
coxon signed-rank test was used. Differences in HGS
and in LPS for the dominant and non-dominant hands
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were compared in men and women separately. Bivariate
Spearman’s correlation analyses were conducted to bet-
ter understand the relation between the predictor varia-
bles and HGS or LPS, respectively. Statistical significance
was evaluated at a= 0.05. An accompanying web-based
application was developed using the Shiny library in R to
let users explore the normative hand strengths from our
data (https://ansidarta.shinyapps.io/shiny/).

To contextualize our findings, we compared the nor-
mative values obtained in this study with previously pub-
lished datasets from regional and international studies.
Data sources were selected based on their methodologi-
cal rigour and population relevance. For consistency, we
extracted the mean values for each age and gender group
from individual studies where available.

Sample characteristics and demographics (Table 1)
that influence the grip and pinch of the dominant hand
were further examined. Information such as gender,
age, height, weight, gait speed, educational background,
marital status, employment status, and living status were
selected as predictors. HGS and LPS were the dependent
variables to be predicted. To identify the most informa-
tive predictors of hand strength, a ‘feature selection’
process was conducted using the Recursive Feature Elim-
ination (RFE) technique. RFE is advantageous because
it can efficiently handle correlated predictors and does
not require a strictly linear relationship between vari-
ables [29, 30]. This technique builds predictive models
and iteratively removes the least important features or
predictor variables from the data until a certain level of
model performance is achieved. The commonly used
metric to quantify model performance includes the pre-
diction accuracy, i.e. mean absolute error (MAE) between
the real grip strength and the predicted one by the model,
and R-squared (or R%) which returns a value between 0
and 1. R-squared provides a measure of how much varia-
tion in the actual data is explained by the model. A value
of 0 indicates a bad prediction model with no explana-
tory power, while a value of 1 denotes a perfect model
that explains all variability in the HGS or LPS. All fac-
tors being equal, the smaller the MAE and the larger the
R-squared, the better the model performance. All analy-
ses were conducted for dominant HGS and dominant
LPS separately, using the Caret library in R [31].

Ordinal variables, such as education, were first con-
verted into numbers (primary education and university/
postgraduate being lowest and highest, respectively).
Employment, living status, and marital status were con-
verted into numerical values through a one-hot encoding
[32]. The dataset was used to train the RFE model using
available functions in Caret, including ‘random forests,
‘linear regression, ‘k-nearest neighbours; and ‘bagged
trees! [33]. RFE with random forests was implemented
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Table 1 Sample characteristics by gender

Categories Total (n=495) Women (n=271) Men (n=224)
Age (years)

Mean (SD) 448 (x16.3) 454 (x16.1) 441 (£16.5)
Age Stratum (years)

20-24 89 (18%) 50 (18%) 39 (17%)

25-29 49 (10%) 19 (7%) 30 (13%)

30-34 31 (6%) 17 (6%) 14 (6%)

35-39 28 (6%) 17 (6%) 11 (5%)

40-44 35 (7%) 16 (6%) 19 (8%)

45-49 40 (8%) 22 (8%) 18 (8%)

50-54 52 (11%) 31 (11%) 21 (9%)

55-59 57 (12%) 39 (14%) 18 (8%)

60-64 52 (11%) 29 (11%) 23 (10%)

65-69 41 (8%) 22 (8%) 19 (8%)

>70 21 (4%) 9 (3%) 12 (5%)
Hand Dominance

Left 45 (9%) 19 (7%) 26 (12%)

Right 450 (91%) 252 (93%) 198 (88%)
Race

Chinese 452 (91%) 251 (93%) 201 (90%)

Indian 25 (5%) 11 (4%) 14 (6%)

Malay 15 (3%) 6 (2%) 9 (4%)

Other 3(1%) 3(1%) 0 (0%)
Education Level

Mean (SD) 3.35(+0.759) 3.26 (+0.803) 346 (+ 0.688)
Employment Status

Employee 182 (37%) 103 (38%) 79 (35%)

Homemaker 26 (5%) 25 (9%) 1(0%)

Retired 82 (17%) 40 (15%) 42 (19%)

Self-employed 64 (13%) 26 (10%) 38 (17%)

Semi-retired 8 (2%) 5 (2%) 3(1%)

Student 93 (19%) 46 (17%) 47 (21%)

Unemployed 40 (8%) 26 (10%) 14 (6%)
Marital Status

Divorced/Seper- 26 (5%) 13 (5%) 13 (6%)
ated

Married 204 (41%) 106 (39%) 98 (44%)

Single 253 (51%) 142 (52%) 111 (50%)

Widowed 12 (2%) 10 (4%) 2 (1%)
Living Status

Living alone 67 (14%) 43 (16%) 24 (11%)

Not living alone 428 (86%) 228 (84%) 200 (89%)
BMI Group (kg/m2)

Underweight 36 (7%) 23 (8%) 13 (6%)

Normal 344 (69%) 194 (72%) 150 (67%)

Overweight 85 (17%) 37 (14%) 48 (21%)

Obesity 30 (6%) 17 (6%) 13 (6%)
Weight (kg)

Mean (SD) 62.7 (£ 13.6) 565 (£ 11.3) 70.1 (£12.3)
Height (cm)

Mean (SD) 164 (£ 9.22) 158 (£ 6.15) 172 (+ 6.85)

SD standard deviation
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as it can handle correlated and complex data with several
encoded categorical variables. To optimize model perfor-
mance and reduce overfitting, we employed the tenfold
cross-validation with 5 repeats [34]. Here, the sample was
divided randomly into 10 parts, nine of which were for
training and one for testing (validating) the model. We
performed the procedure 10 times, each reserving a dif-
ferent tenth for testing. This cross-validation process was
repeated 5 times to further refine the prediction accu-
racy during training, each time with a new random par-
titioning of the data. The model performance (MAE and
R-squared) was averaged across all iterations to provide
robust estimates of model performance. Finally, feature
importance scores derived from the final model were
computed and the top 5 variables, if any, were subse-
quently presented.

Results

Characteristics of study participants

Table 1 describes participant characteristics. Participants’age
on average was 44.10 years for men and 45.40 years for
women, ranging from 21 to 78 years. Almost half of the par-
ticipants completed a university education from an institute
of higher learning. Most participants were employed and
lived with others. The average gait speed in men was 1.63 m/
sec and in women was 1.50 m/sec.

Normative values of HGS and LPS

Tables 2 and 3 present the normative values of HGS and
LPS individually, separated by 5-year age stratum, gen-
der, and hand dominance strata. Each table provides
detailed point estimates, including mean, standard devia-
tion, median, minimum, and maximum values. Figure 1
depicts the relationship between age and HGS or LPS,
which exhibits a curvilinear pattern. Our data indicate
that grip and pinch strength in women peak between
ages 40—44, while in men, average grip strength peaks
at 35-39 years and pinch strength at 50-54 years. The
standard deviation, representing variability in the sample,
is notably higher for HGS than LPS in both genders.

In terms of the effect of hand dominance on HGS and
LPS, as expected, the dominant hand had significantly
higher strength than the non-dominant one for both
HGS [Wilcoxon signed-rank tests, V= 20,921, p < 0.0001]
and LPS [V =21,576, p< 0.0001]. The average HGS was
29.31 kg and 27.52 kg for the dominant and non-dom-
inant hands, with a mean difference of 1.79 kg. In con-
trast, the average LPS was 6.68 kg and 6.19 kg for the
dominant and non-dominant hands, with a mean differ-
ence of 0.49 kg. No statistical difference in the dominant
HGS [Wilcoxon rank sum test, W= 8776, p= 0.14], and
in the dominant LPS [W =9577.5, p= 0.55], between the
right-handed and left-handed participants.
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Table 2 Descriptive statistics for HGS and LPS in women by different age strata
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Women

Age Stratum

Hand Grip Strength

Lateral Pinch Strength

Dominant (kg)

Non-dominant (kg)

Dominant (kg)

Non-dominant (kg)

9.60,31.9

15.5,30.7

20-24 (n=50) 23.0(4.38)|22.6[10.8,31.7] 216 (4.26)| 215 ]
25-29 (n=19) 24.6 (3.75) | 23.9119.0,33.4] 232 (4.05)[2291[16.1,32.1]
30-34 (n=17) 25.3(5.52)| 263 [14.6,374] 23.8(5.23)| 246 [13.0,35.7]
35-39(n=17) 23.9(4.97)|229116.2,32.4] 22.8(4.72)|22.3[12.9,30.8]
40-44 (n=16) 27.3(6.96)|27.7 [11.8,39.3] 25.0(6.99) | 249104, 36.6]
45-49 (n=22) 23.8(3.68)|24.1[17.3,31.2] 6(393)]21.11 ]
50-54 (n=31) 24.3(3.98)|236[16.8,32.1] 23.2(4.14)|22.8[14.7,31.0]
55-59 (n=39) 22.8(4.06)|23.7 [106,29.3] 6(4.34)]21.5[12.1,31.6]
60-64 (n=29) 22.8(4.48)|22.21156,33.0] 20.9(3.98) | 20.2 [14.5,30.7]
65-69 (n=22) 21.9(438)|22.1[11.7,30.1] 20.2 (461)|20.0[10.6, 274]
>70(n=9) 19.2(226) | 185[16.9,23.2] 184(1.83)[17.5[15.8,209
(4.63) [ ] ) [

Overall (n=271)

235 (463 |232 10.6,39.3

]
22.0(4.60) | 21.8 [9.60, 36.6]

5.45(0.964) | 5.30 [3.70, 7.57]
5.72(0.894) | 5.80 [4.30, 7.40]
6.14(1.12) | 6.03 [4.27,8.90]
5.68 (0.648) | 5.60 [4.40, 6.53]
6.28(1.03) | 6.50 [3.30,7.77]
5.72 (0.864) | 545 [4.30, 7.40]
5.91(0.999) | 6.00 [3.72, 8.83]
529 (1.00) | 5.50 [3.57, 7.40]
5.51(0.822)]5.73 [3.90, 7.00]
5.36(1.01)] 545 [3.37,7.30]
4.31(0413)|4.37 [3.70,5.10]
5.59(0.991) | 5.60 [3.30, 8.90]

5.12 (0.932) | 498 [340, 7.30]
5.16 (1.23)| 5.03 [3.37, 7.30]
5.70 (1.06) | 543 [4.30, 8:40]
5.22(126) | 5.20[2.23,6.70]
569 (1.03) | 5.94 [3.40, 7.00]
505 (1.02) | 484[3.17,6.80]
532(0.862) | 5.27 [3.90, 7.00]
500 (0975)]5.10 [3.30, 7.16]
4.90(0.739) | 4.77 [3.60, 6.60]
485(113 | 5.02 [2.40, 6.50]

3(0461) | 3.96 [3.80, 5.30]

2(1.02)]5.10 [2.23, 8.40]

Mean (SD) | Median [Min, Max]

Table 3 Descriptive statistics for HGS and LPS in men by different age strata

Men Hand Grip Strength Lateral Pinch Strength

Age Stratum Dominant (kg) Non-dominant (kg) Dominant (kg) Non-dominant (kg)
20-24 (n=50) 37.5(8.23)|36.5[226,52.6] 35.2(8.04) | 34.3[22.0,51.3] 6(1.82)|7.90[5.70, 16.1] 743 (1.80) | 7.26 [4.80, 15.5]
25-29 (n=19) 36.7 (8.03) | 353 [204, 53.7] 35.8(8.10)| 364 [19.0, 55.1] 8.06(1.19) | 8.15 [5.80, 10.7] 7.74(1.26) | 7.85 [5.60, 9.70]
30-34 (n=17) 32.6(863)|31.91[11.6,50.6] 314(8.70)|31.2[10.8,43.9] 1(1.97)|7.60[3.03, 10.0] 6.81(1.74) | 730 [2.67,9.33]
35-39(n=17) 404 (942) | 38,5 [27.2,60.0] 35.8(8.60)|36.0[22.3,50.7] 8.52(2.04)|8.20[5.57,11.7] 8.08(2.12)|8.80[4.93,11.0]
40-44 (n=16) 37.3(6.53)|38.6[25.4,49.9] 344 (6.52)|36.6 [23.5,47.0] 8.16 (1.55) | 7.80 [4.60, 11.6] 7.73(1.49) | 7.70 [4.50, 11.6]
45-49 (n=22) 34.5(7.15) | 35.8 [19.8,49.7] 336(667)|352[208 48.0] 766 (1.93)]7.59 [4.10, 134] 7.19(1.44)| 740 [4.73,10.8]
50-54 (n=31) 37.7 (8.69) | 37.6 [23.0, 54.8] 36.3(7.90) | 34.3 [24.1,51.2] 8.67(1.48)|8.57 [5.40,12.1] 8.17(149)|7.90[5.97,11.4]
55-59 (h=39) 364 (5.54) | 35.8[28.0,46.3] 335(4.79)|33.9 [260 43.0] 8.35(1.20) | 8.75 [5.50, 9.77] 7.72(1.08)| 7.75 [5.37,9.90]
60-64 (n=29) 37.1(6.66) | 384 [16.3,49.0] 344 (5.81)]339[17.5,434] 8.12(1.52)|8.30[3.90, 104] 7.58(1.63)|7.60 [3.75, 9.90]
65-69 (n=22) 36.0 (5.18) | 35.7 [28.2,45.6] 33.6 (4.50) | 34.0 [25.5,40.3] 749 (1.37)| 7.03 [5.40, 9.30] 7.04(1.55)| 7.13 [4.40,10.3]
>70(n=9) 29.8(5.56) | 27.0 [23.7,389] 27.3(6.11)]285[16.9,35.6] 715(1 .26) | 7.20 [5.40, 9.80] 6.33(1.75) | 5.95 [2.50,9.10]
Overall (n=271) 36.3(7.59)|36.3[11.6,60.0] 34.2(7.24)|34.1 [10.8, 55.1] 01(1.61)]7.94[3.03,16.1] 749 (1.61)|7.50 [2.50, 15.5]

Mean (SD) | Median [Min, Max]

The mean dominant and non-dominant HGS in men
were 36.26 kg and 34.12 kg, respectively [paired t-test,
t(222) =8.29, p< 0.0001]. In women, the mean domi-
nant and non-dominant HGS were 23.51 kg and 22.00
kg, respectively [t(270) =10.92, p< 0.0001]. Computing
the mean difference resulted in 2.14 kg in men (dominant
HGS is 6.23% greater than non-dominant) and 1.51 kg in
women (dominant HGS is 6.86% greater than non-dom-
inant). When taking right-handed participants only, the
dominant HGS was 6.36% stronger than the non-domi-
nant one. Similar characteristics were found in LPS. The
mean dominant and non-dominant LPS in men were 7.97
kg and 7.45 kg [t(222) =7.37, p< 0.0001]. In women, the

mean dominant and non-dominant LPS were 5.59 kg and
5.12 kg [t(270) =10.72, p< 0.0001]. The average differ-
ence was 0.52 kg in men (dominant LPS is 6.96% greater
than non-dominant) and 0.47 kg in women (dominant
LPS is 9.18% greater than non-dominant).

Table 4 shows the bivariate relationship between sam-
ple characteristics (age, weight, height, BMI, gait speed,
and education level) and hand strengths of the dominant
and non-dominant hands, stratified by gender. In women,
higher HGS and LPS of the dominant hand were signifi-
cantly correlated with younger age (r=— 0.14 to — 0.16),
taller (r= 0.18 to 0.36), and heavier body build (r= 0.27
to 0.36), faster gait speed (r= 0.16 to 0.24), and higher
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Fig. 1 Normative values of hand grip strength (HGS) and lateral pinch strength (LPS) from the current study; a Top Panel: Boxplots of HGS across 11
successive age groups from 21 to over 70 years. The edges of the boxplot represent the 25 th and 75 th percentiles, while the whiskers indicate
the range of variation beyond the interquartile range. b Bottom Panel: Boxplots of LPS across the same 11 age groups

education level (r=0.19 to 0.27). In contrast, higher HGS
and LPS in men were found to be related only to taller
(r=0.17 to 0.33) and heavier body build (r= 0.31 to 0.35).
A strong positive correlation was found between HGS
and LPS values (r= 0.62 to 0.68) regardless of hand domi-
nance and gender. Readers are invited to explore bivariate
correlations for a specific age stratum using the web-
based application stated earlier.

To further test the relationship between age and hand
strength, a sub-group analysis was conducted to separate
younger and older adults above a cutoff age of 50, fol-
lowing a recent study locally [24]. It was found that age
was not strongly associated with LPS and HGS for adults
younger than 50 years old. Most bivariate relationships
remained like the one shown in Table 4 for the younger
adult men. For younger women, only weight and BMI
were strongly correlated with LPS. In contrast, age was
found to be strongly associated with both HGS and LPS

for older adults from 50 years old and above, regardless
of hand dominance, having a range of reliable negative
correlation coefficients (p) between — 0.36 and — 0.26
(p< 0.001). The negative relationships indicate that the
older the person, the weaker the strength is.

Comparison with other asian norms

Figures 2 and 3 illustrate comparisons between our nor-
mative values and previously published normative values
for dominant HGS and LPS, respectively. When compar-
ing our findings with other studies that include similar
age groups, differences in sample size in each age group
shall be noted. This is taken into consideration in the fig-
ures by the point size of the respective plot, except for the
Western reference dataset by Bohannon and colleagues
(Fig. 2), which reflects the consolidated norms from
12 past studies with more than 3000 participants in the
United States, Australia, Canada, and Europe.
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Table 4 Strength in bivariate relationship (Spearman’s
correlation) between the hand strength of the dominant (Dom.)
and non-dominant (Non Dom.) hand with each of the predictor
variable of interest. Top and bottom panels describe the
correlation for men and women respectively

Women

HGS LPS

Dom. Non Dom. Dom. Non Dom.
Age —0.14* —0.14* —0.14* -0.16**
Weight 0.28*** 0.27%** 0.36*** 0.30%**
Height 0.36*** 0.32%** 0.24%** 0.18**
BMI 0.15% 0.16** 0.29%** 0.24%**
Gait speed 0.27%%% 0.24%%*% 0.16* 0.12
Education level 0.27%** 0.21** 0.245%* 0.19**
Men

HGS LPS

Dom. Non Dom. Dom. Non Dom.
Age -0.10 -0.13 —0.05 —-0.07
Weight 0.33*** 0.35%** 0.371%x* 0.31%**
Height 0.33*** 0.30%** 0.18** 0.17*%
BMI 0.19** 0.24*** 0.25%** 0.27%**
Gait speed 0.06 0.06 0.06 0.02
Education level 0.04 0.09 0.02 0.02

The stars represent the degree of statistical significance, where ***, ** and *
represent p< 0.001, p< 0.01, and p < 0.05, respectively

Two studies of HGS with Singapore’s older populations
were included [35, 36]. Additionally, data from repre-
sentative Asian countries such as Malaysia [37], Taiwan
[38], Hong Kong [39], and South Korea [40], were also
shown. Finally, we included consolidated normative val-
ues derived from a meta-analysis of Western populations
[41]. Fewer studies have been conducted for LPS in Asia,
however. Figure 3 illustrates the normative LPS values
from Malaysia [37], South Korea [42], and Turkey [43].
For comparison, we presented Western normative values
from America, which is one of the articles included in
the consolidated norms reported by Bohannon and col-
leagues in 2006. In all studies, the average values by age
and gender strata are shown for HGS and LPS, respec-
tively. Data from the two articles (Yu et al. in Fig. 2, and
Shim et al. in Fig. 3) are depicted with a different age
range, that is, 10 years instead of 5.

The mean normative values of the current analytical
sample were relatively comparable with those in other
Asian studies but slightly lower than the reference val-
ues reported in the South Korean study. Lower HGS val-
ues than the consolidated norms were seen in all Asian
studies included. In contrast, our mean LPS values were
lower than those reported in other studies. Similar to
HGS, Western populations (Americans) showed the
highest LPS compared to Asians. Interestingly, young
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Singaporeans (20—30 years) have relatively stronger grip
and pinch strengths than the corresponding young Indian
population (average HGS in men: 33.67 kg and women:
19.51 kg; average LPS in men: 6.97 kg and women: 4.85
kg), measured at the same arm posture [44]. It is good to
note that our normative data combined participants who
are 70 years and older into the same group.

Feature importance

Figure 4 shows variables or features that influence HGS
and LPS of the dominant hand using the RFE technique
with random forests. The horizontal axis represents the
variable importance score, with a higher value means the
more informative a particular variable is in determining
the hand strength. With the training data, model per-
formance after the cross-validation reached MAE (and
R-squared) of 5.61 (0.14) and 3.63 (0.15) for HGS in men
and women, and MAE of 1.16 (0.11) and 0.71 (0.17) for
LPS in men and women. It was found that weight, height,
and age were important in determining the HGS and LPS
of both genders. Interestingly, gait speed and education
level appeared as important in the data for predicting
HGS, but not so much for predicting LPS.

Discussion

This current work established the normative values
for HGS and LPS in the adult population in Singapore,
including individuals under 50. Previous studies have
provided normative HGS data for older Singaporeans.
For example, Malhotra and colleagues [35] reported the
normative HGS values based on 2,500 older adults from
60 to 89 years old, making it the largest elderly popula-
tion to date. Other local studies include the works by
Ong and colleagues [36, 45] with older dementia group
and, one latest study by Pua and colleagues (2023) who
investigated HGS in community-dwelling ambulant
older adults, including persons over 50 years old. Com-
pared with existing local datasets, this is the first study
with a large normative dataset studying HGS across both
younger and older adults; and is also the first to report
LPS norms. Earlier literature informs us of the need to
establish local normative values and some Asian coun-
tries have produced their own normative range. This is
because international data contain information on socio-
demographic and anthropometric profiles that are differ-
ent from Singaporeans, potentially reducing their clinical
applicability locally [45].

In our subgroup analysis of adults aged 20 to 50
years, age was not significantly correlated with HGS
and LPS. After controlling for gender, it was found
that body height sufficiently predicts HGS values well,
while LPS is more associated with height and weight.



Sidarta et al. BMC Sports Science, Medicine and Rehabilitation

(2025) 17:84

Page 8 of 12

40
25 4 FEMALE
°
=< 30
< size
= ® x0
c
o 254 ® s
= @
g 20 @® oo
@
154 \\
10
T T T T T T T T T T T T T T
A =) A 9 (<) A =) A 3] & ° 3]
o 5P o g o et o &P @ & o7 e %0/%"‘ &°
55
50
MALE
45 +
g
= 404
ES) size
<)
g 35 ® w
.% ®
o 30 [ B
s) = . 400
25 ‘\a:
S
20 4 \
15

T T T T T T

; ;
B 2 Q B Q B
&V 5T 3;4* 5P o e 0 e

T

9 & 9
P 60,6 6‘-‘/6

age group

Current data
Kim et al. (2018)

Lam et al. (2016)
Malhotra et al. (2016)

—e— Ong et al. (2017)
Wu et al. (2009)

T T

T T T
B &) B Q
10/'1 16/1 ‘bﬁ/% %6,%

-l Western data, Bohannon et al. (2006)
Yu et al. (2017)

Fig. 2 Mean normative values for dominant HGS in Asian populations and consolidated Western populations extracted from past studies. In
the plot, the size of each point is proportional to the sample size of the corresponding age group within each study. The plot in black depicts
the combined reference values from the Western cohorts, which is comparatively higher than the rest of the Asian datasets

Understanding the relationship between HGS or LPS
strength and health outcomes could be particularly
relevant clinically for hand therapy in sports and reha-
bilitation medicine. Best practice clinical guidelines
recommend interpreting one’s HGS and LPS results
against the norms with key mediators such as age, gen-
der, and body size (height and/or weight) [46]. Norma-
tive data, however, can vary widely across countries and
even within large countries due to cultural and social
differences [38, 47]. This further supports the clinical
value of a local normative dataset comprising the adult
population of all age strata, for increased accuracy
when interpreting baseline and follow-up assessment
results to track changes over time.

Our data showed that HGS of the dominant hand was
found to be 6—7% higher than in the non-dominant
hand of both men and women. In a similar vein, LPS in
the dominant hand was 7% and 9% higher than the non-
dominant hand. Literature from Western populations
suggests that the strength of the dominant hand is 10%

greater than the strength of the non-dominant hand, but
only for right-handed participants [48, 49]. This so-called
‘10% Rule’ does not seem to be applicable to our data.
One possible explanation is the diet and eating habits,
as prior work has indicated that HGS is strongly related
to nutritional status [1, 50]. Another reason could be the
occupation of the local participants who were mainly
office-bound workers, students, or retirees, instead of
manual workers who are more likely to use the dominant
hand regularly.

Several studies have found that grip strengths peak in
early adult life, stabilize and decline with ageing as early
as early as the fifth decade of life [51]. Typically, there
are notable decline observed between grip strength and
age across various studies. Although reliable correlations
between HGS or LPS with age were lacking in our sam-
ple, the subgroup analysis for older adults (50 years and
above) observed that age was negatively correlated with
HGS and LPS. This is consistent with previous findings
both locally and internationally [6, 35, 36, 52].
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This study employed machine learning approaches
to identify which variables are more informative in pre-
dicting the dominant HGS and LPS. Unlike correlation
analyses, which only assess the relationship between
two variables (e.g., pinch strength and weight), feature
importance from the RFE algorithm tells us the degree of
influence a list of predictors has on the dominant hand’s
strength. This data-driven algorithm is in contrast with
past studies that used other methods with prior assump-
tions of linearity and normality of the data, such as multi-
ple linear regression. Figure 4 shows the predictive value
of gait speed in determining HGS, which is aligned with
recent studies that link gait speed and HGS in ageing
populations [53-55], where lower gait speed is associ-
ated with lower HGS. Gait speed and grip strength are
also biomarkers of cognitive decline and dementia [56].
In contrast, the relationship between LPS and gait speed
in the literature is unclear or less studied, if not none.
Additionally, the appearance of education (Fig. 4) makes
us speculate that health-conscious behavior is often asso-
ciated with higher education levels [57, 58], thus, poten-
tially influencing HGS.

Limitation and conclusion

The current study has some limitations. Primarily, the par-
ticipants were not equally represented across age groups
and ethnicities, as the number of older adults aged over
70 and individuals from minority groups was relatively
small. However, the impact may be less significant given
the availability of prior local studies that focused exten-
sively on geriatric populations. The lack of information on
participants’ level of sports involvement may also pose a
challenge, potentially limiting the ability to match certain
participants based on comparable athletic backgrounds.
Lastly, it is important to note that muscle mass was not
included in our analysis. Given its potential variability
among individuals, muscle mass could be a contributing
factor influencing hand grip strength and should be con-
sidered in future studies. In summary, this study presents
normative values for hand grip and pinch grip strengths
in young and older populations in Singapore. Dominant
hands are stronger than the non-dominant ones, but no
statistical difference between the right- and left-handed
participants in terms of dominant HGS and dominant
LPS. The average values are found to be relatively lower
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of the variables sorted by the order of importance

than the consolidated Western norms, consistent with
findings from previous local studies. The data can provide
a valuable reference for researchers and healthcare practi-
tioners to assess physical strength and monitor treatment
progress, while also serving as a general health marker
that can offer insights into fitness and fatigue levels.

Acknowledgements
The authors thank the Research Support team of the Rehabilitation Research
Institute of Singapore for helping with the data collection.

Authors’ contributions

AS, WHPK, and EL were involved in the experiments and data curation; SLJ and
AS performed formal analysis, software coding, and visualization; AS, EL, ILY,
and WHPK were involved in writing the original draft, reviewing, and editing.
PL and WTA did study conceptualization and project administration; WTA was
the Principal Investigator, in charge of supervision and funding acquisition.

All authors contributed to reviewing and approving the final manuscript. All
authors declared no conflict of interest.

Funding

This study was supported by the Agency for Science, Technology and
Research (A*STAR), Nanyang Technological University (NTU), and National
Healthcare Group (NHG).

Data availability
Data are provided within the manuscript can be accessed through a user-
friendly online interface: https://ansidarta.shinyapps.io/shiny/.

Declarations

Ethics approval and consent to participate

The study was in accordance with the principles outlined in the Declaration of
Helsinki. The study was approved by the Institutional Review Board, Nanyang
Technological University (IRB- 2018-04 -01), and was conducted with the
participants'informed and written consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 1 August 2024 Accepted: 1 April 2025
Published online: 14 April 2025

References

1. Norman K, Stobaus N, Gonzalez MC, Schulzke JD, Pirlich M. Hand grip
strength: outcome predictor and marker of nutritional status. Clin Nutr.
2011;30(2):135-42.

2. Shamay NSM, William TWN, Patrick KWH, Philip TTF, Jefferry WCH. Sensori-
motor impairments of paretic upper limb correlates with activities of daily
living in subjects with chronic stroke. S Afr J Physiother. 2011,67(1):9-16.

3. Bohannon RW. Dynamometer measurements of hand-grip strength
predict multiple outcomes. Percept Mot Skills. 2001;93(2):323-8.

4. Bohannon RW. Grip strength: an indispensable biomarker for older adults.
Clin Interv Aging. 2019;1(14):1681-91.

5. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: report of
the European Working Group on Sarcopenia in Older People. Age Ageing.
2010;39(4):412-23.

6. Pan PJ, Hsu NW, Lee MJ, Lin YY, Tsai CC, Lin WS. Physical fitness and its
correlation with handgrip strength in active community-dwelling older
adults. Sci Rep. 2022;12(1):17227.

7. RantanenT, Guralnik JM, Foley D, Masaki K, Leveille S, Curb JD, et al.
Midlife hand grip strength as a predictor of old age disability. JAMA.
1999,281(6):558-60.

8. Cronin J, Lawton T, Harris N, Kilding A, McMaster DT. A brief review
of handgrip strength and sport performance. J Strength Cond Res.
2017;31(11):3187.

9. Giles LV, Rhodes EC, Taunton JE. The physiology of rock climbing. Sports
Med. 2006;36(6):529-45.


https://ansidarta.shinyapps.io/shiny/

Sidarta et al. BMC Sports Science, Medicine and Rehabilitation

20.

21

22.

23.

24.

25.

26.
27.
28.
29.

30.

31

32.

33.

34

. Armstrong R, Relph N. Screening tools as a predictor of injury in gymnas-

tics: systematic literature review. Sports Med - Open. 2021;7(1):73.

. Busta J, Hellebrand J, Kinkorova |, Macas T. Morphological and hand grip

strength characteristics and differences between participants of the 2022
world rowing championship. Front Sports Act Living. 2023;5. Available
from: https://www.frontiersin.org/journals/sports-and-active-living/artic
les/10.3389/fspor.2023.1115336/full. Cited 2024 Nov 15.

. Glen LZQ, Wong JYS, Tay WX, Weng J, Cox G, Cheah AEJ. Forecasting the

rate of hand injuries in Singapore. J Occup Med Toxicol. 2022;17(1):9.

. Lim JX, Le LAT, Yeh JZY, Boey JJJ, Rajaratnam V. The epidemiology and dis-

tribution of hand fractures in Singapore. Singapore Med J. 2023. https://
doi.org/10.4103/singaporemed;j.SMJ-2021-334.

. Barr AE, Barbe MF, Clark BD. Work-related musculoskeletal disorders of

the hand and wrist: epidemiology, pathophysiology, and sensorimotor
changes. J Orthop Sports Phys Ther. 2004,34(10):610-27.

. Singh GK, Srivastava S. Grip strength of occupational workers in relation

to carpal tunnel syndrome and individual factors. Int J Occup Saf Ergon.
2020;26(2):296-302.

. Lee SH, Gong HS. Grip strength measurement for outcome assessment in

common hand surgeries. Clin Orthop Surg. 2022;14(1):1-12.

. Horsley |, Herrington L, Hoyle R, Prescott E, Bellamy N. Do changes in

hand grip strength correlate with shoulder rotator cuff function? Should
Elb. 2016;8(2):124-9.

. El-Katab S, Omichi Y, Srivareerat M, Davenport A. Pinch grip strength as

an alternative assessment to hand grip strength for assessing muscle
strength in patients with chronic kidney disease treated by haemodialy-
sis: a prospective audit. J Hum Nutr Diet. 2016;29(1):48-51.

. Yozbatiran N, Der-Yeghiaian L, Cramer SC. A standardized approach to

performing the action research arm test. Neurorehabil Neural Repair.
2008;22(1):78-90.

Kim D. The effects of hand strength on upper extremity function and
activities of daily living in stroke patients, with a focus on right hemiple-
gia. J Phys Ther Sci. 2016;28(9):2565-7.

Netscher D, Steadman AK, Thornby J, Cohen V. Temporal changes in grip
and pinch strength after open carpal tunnel release and the effect of
ligament reconstruction. J Hand Surg. 1998;23(1):48-54.

De Smet L, Sioen W, Spaepen D, van Ransbeeck H. Treatment of basal
joint arthritis of the thumb: trapeziectomy with or without tendon inter-
position/ligament reconstruction. Hand Surg. 2004;9(1):5-9.

Berg M, Meulen RT, van den Burg M. Guidelines for appropriate care:

the importance of empirical normative analysis. Health Care Anal.
2001;9(1):77-99.

PuaYH, Tay L, Clark RA, Thumboo J, Tay EL, Mah SM, et al. Associations of
height, weight, and body mass index with handgrip strength: a Bayesian
comparison in older adults. Clin Nutr ESPEN. 2023;1(54):206-10.

Liang P, Kwong WH, Sidarta A, Yap CK, Tan WK, Lim LS, et al. An Asian-
centric human movement database capturing activities of daily living. Sci
Data. 2020;7(1):290.

Klein LJ. Fundamentals of hand therapy. Cooper, C.(Ed.), Evaluation of the
hand and upper extremity (p. 73-97). St. Louis, MO: Mosby. Elsevier; 2007.
Elaine EF. Clinical assessment recommendations, 2nd edition. Mount
Laurel: American Society of Hand Therapists; 1992. p. 138.

Innes E. Handgrip strength testing: a review of the literature. Aust Occup
Ther J. 1999;46(3):120-40.

Gregorutti B, Michel B, Saint-Pierre P. Correlation and variable importance
in random forests. Stat Comput. 2017,27(3):659-78.

Guyon |, Weston J, Barnhill S, Vapnik V. Gene selection for cancer
classification using support vector machines. Mach Learn. 2002Jan
1;46(1):389-422.

Kuhn M. caret: classification and regression training. Astrophysics source
code library. 2015;ascl:1505.003.

Popov A. Feature engineering methods. In: Pal K, Ari S, Bit A, Bhattacha-
ryya S, editors. Advanced methods in biomedical signal processing and
analysis. Academic Press; 2023. p. 1-29. Available from: https://www.scien
cedirect.com/science/article/pii/B978032385955400004 1. Cited 2024
Nov 15.

Kuhn M. Variable selection using the caret package. URL http://cran.
cermin.lipi.go.id/web/packages/caret/vignettes/caretSelection.pdf.
2012;1-24.

Kuhn M, Johnson K. Over-fitting and model tuning. In: Applied predictive
modeling. Springer, New York, NY; 2013. p. 61-92. Available from: https://

(2025) 17:84

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Page 11 of 12

link-springer-com.remotexs.ntu.edu.sg/chapter/10.1007/978-1-4614-
6849-3_4. Cited 2024 Nov 15.

Malhotra R, Ang S, Allen JC, Tan NC, @stbye T, Saito Y, et al. Normative
values of hand grip strength for elderly singaporeans aged 60 to 89 years:
a cross-sectional study. J Am Med Dir Assoc. 2016;17(9):864.e1-7.

Ong HL, Abdin E, Chua BY, Zhang Y, Seow E, Vaingankar JA, et al. Hand-
grip strength among older adults in Singapore: a comparison with
international norms and associative factors. BMC Geriatr. 2017;17(1):176.
Lam NW, Goh HT, Kamaruzzaman SB, Chin AV, Poi PJH, Tan MP. Norma-
tive data for hand grip strength and key pinch strength, stratified by

age and gender for a multiethnic Asian population. Singapore Med J.
2016;57(10):578-84.

Wu SW, Wu SF, Liang HW, Wu ZT, Huang S. Measuring factors affecting
grip strength in a Taiwan Chinese population and a comparison with
consolidated norms. Appl Ergon. 2009;40(4):811-5.

Yu R, Ong S, Cheung O, Leung J, Woo J. Reference values of grip strength,
prevalence of low grip strength, and factors affecting grip strength values
in Chinese adults. J Am Med Dir Assoc. 2017;18(6):551.e9-551.e16.

Kim M, Won CW, Kim M. Muscular grip strength normative values for a
Korean population from the Korea National Health and Nutrition Exami-
nation Survey, 2014-2015. PLoS ONE. 2018;13(8):e0201275.

Bohannon RW, Peolsson A, Massy-Westropp N, Desrosiers J, Bear-Lehman
J. Reference values for adult grip strength measured with a Jamar
dynamometer: a descriptive meta-analysis. Physiotherapy. 2006Mar
1,92(1):11-5.

Shim JH, Roh SY, Kim JS, Lee DC, Ki SH, Yang JW, et al. Normative measure-
ments of grip and pinch strengths of 21st century Korean population.
Arch Plast Surg. 2013;40(1):52-6.

Ugurlu U, Ozdogan H. Age- and gender-specific normative data of

pinch strengths in a healthy Turkish population. J Hand Surg Eur.
2012;37(5):436-46.

Mullerpatan RP, Karnik G, John R. Grip and pinch strength: normative data
for healthy Indian adults. Hand TheR. 2013;18(1):11-6.

Ong HL, Chang SHS, Abdin E, Vaingankar JA, Jeyagurunathan A, Shafie S,
et al. Association of grip strength, upper arm circumference, and waist
circumference with dementia in older adults of the WIiSE study: a cross-
sectional analysis. J Nutr Health Aging. 2016;20(10):996-1001.
MacDermid J, Solomon G, Valdes K. Clinical assessment recommendations,
3rd edition. Mount Laurel: American Society of Hand Therapists; 2015.

He H, Pan L, Wang D, Liu F, Du J, Pa L, et al. Normative values of hand

grip strength in a large unselected Chinese population: evidence

from the China National Health Survey. J Cachexia Sarcopenia Muscle.
2023;14(3):1312-21.

Hepping AM, Ploegmakers JJW, Geertzen JHB, Bulstra SK, Stevens M.

The influence of hand preference on grip strength in children and ado-
lescents; a cross-sectional study of 2284 children and adolescents. PLoS
ONE. 2015;10(11):e0143476.

Petersen P, Petrick M, Connor H, Conklin D. Grip strength and hand domi-
nance: challenging the 10% rule. Am J Occup Ther. 1989;43(7):444-7.
Flood A, Chung A, Parker H, Kearns V, O'Sullivan TA. The use of hand grip
strength as a predictor of nutrition status in hospital patients. Clin Nutr.
2014,33(1):106-14.

Dodds RM, Syddall HE, Cooper R, Benzeval M, Deary 1J, Dennison EM, et al.
Grip strength across the life course: normative data from twelve British
studies. PLoS ONE. 2014;9(12):e113637.

Werle S, Goldhahn J, Drerup S, Simmen BR, Sprott H, Herren DB. Age- and
gender-specific normative data of grip and pinch strength in a healthy
adult Swiss population. J Hand Surg Eur. 2009;34(1):76-84.

ChainaniV, Shaharyar S, Dave K, Choksi V, Ravindranathan S, Hanno R,

et al. Objective measures of the frailty syndrome (hand grip strength

and gait speed) and cardiovascular mortality: a systematic review. Int J
Cardiol. 2016;15(215):487-93.

Lin YH, Chen HC, Hsu NW, Chou P. Using hand grip strength to detect slow
walking speed in older adults: the Yilan study. BMC Geriatr. 2021;21(1):428.
Mayhew AJ, So HY, Ma J, Beauchamp MK, Griffith LE, Kuspinar A, et al.
Normative values for grip strength, gait speed, timed up and go, single
leg balance, and chair rise derived from the Canadian longitudinal study
on ageing. Age Ageing. 2023;52(4):afad054.

Orchard SG, Polekhina G, Ryan J, Shah RC, Storey E, Chong TTJ, et al.
Combination of gait speed and grip strength to predict cognitive decline
and dementia. Alzheimers Dement (Amst). 2022;14(1):e12353.


https://www.frontiersin.org/journals/sports-and-active-living/articles/10.3389/fspor.2023.1115336/full
https://www.frontiersin.org/journals/sports-and-active-living/articles/10.3389/fspor.2023.1115336/full
https://doi.org/10.4103/singaporemedj.SMJ-2021-334
https://doi.org/10.4103/singaporemedj.SMJ-2021-334
https://www.sciencedirect.com/science/article/pii/B9780323859554000041
https://www.sciencedirect.com/science/article/pii/B9780323859554000041
http://cran.cermin.lipi.go.id/web/packages/caret/vignettes/caretSelection.pdf
http://cran.cermin.lipi.go.id/web/packages/caret/vignettes/caretSelection.pdf
https://link-springer-com.remotexs.ntu.edu.sg/chapter/10.1007/978-1-4614-6849-3_4
https://link-springer-com.remotexs.ntu.edu.sg/chapter/10.1007/978-1-4614-6849-3_4
https://link-springer-com.remotexs.ntu.edu.sg/chapter/10.1007/978-1-4614-6849-3_4

Sidarta et al. BMC Sports Science, Medicine and Rehabilitation (2025) 17:84

57. Aithal S, Visaria A, Malhotra R. Prevalence, sociodemographic, and health
correlates of insufficient physical activity and high sedentary behavior
among older adults in Singapore. J Aging Phys Act. 2022;30(6):922-35.

58. Win AM, Yen LW, Tan KH, Lim RBT, Chia KS, Mueller-Riemenschneider F.
Patterns of physical activity and sedentary behavior in a representative
sample of a multi-ethnic South-East Asian population: a cross-sectional
study. BMC Public Health. 2015;15(1):318.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12



	Establishing normative pinch and grip strengths across adult age groups in Singapore
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design
	Grip and pinch strength measurement
	Participants
	Statistical analysis and feature selection

	Results
	Characteristics of study participants
	Normative values of HGS and LPS
	Comparison with other asian norms
	Feature importance

	Discussion
	Limitation and conclusion

	Acknowledgements
	References


