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1. Abstract

1.1 Background:

Hand function assessment is crucial for clinical interventions and rehabilitation. The gold
standard test for hand grip strength is the hand grip dynamometer. The pinch assessment has
been identified as an essential tool for evaluating hand strength and motor control. The
primary objective was to compare the maximal voluntary contraction (MVC) strength of hand
grip and pinch. The secondary objective was to compare MVC, precision, accuracy and

endurance between handedness and side (left/right).

1.2 Methods:

We included 41 individuals (26 women and 13 men) with a median age of 21.0 years. Handgrip
was tested with a JAMAR dynamometer and pinch tasks were performed using a pinch gauge.

Correlation and comparative analyses were performed.

1.3 Results:

Moderate to high correlations were found between hand grip and pinch strength (left hand:
rho = 0.60, p<0.001; right hand: rho = 0.76, p<0.001). Hand grip strength was significantly
higher than pinch strength (left hand: 29.3 kg [95%Cl: 12.5, 46.2]; right hand 30.7 kg [95%Cl:
14.2, 47.2]). For the pinch strength tasks we only found significant differences for MVC. The
dominant hand and the right hand showed higher values (mean difference: 0.4 + 0.2)

compared to the non-dominant and left hand respectively.

1.4 Conclusions:

Hand grip strength and pinch strength are not comparable. For pinch tasks no clinically
differences were found based on handedness or side. This suggests that pinch strength

measurements from both sides can serve as a reference for various rehabilitation purposes.



2. Introduction

Hand grip strength (HGS) has an important role in evaluating hand functioning and has a
strong correlation with muscle strength of other muscle groups, including lower limbs (1). The
strength evaluation of the hand is easily measurable, cost-effective and requires minimal
training both for the clinician and the patient (2,3). Maximal voluntary contraction (MVC) is
defined as a standardized method for measurement of muscle strength which can be assessed
using dynamometers (4). It may happen that any alteration, resulting for example from
injuries, muscular or skeletal disorders of the hand, makes the hand grip dynamometer
difficult or even impossible to utilize (5). In that regard, pinch strength has recently been
suggested as an alternative to hand grip strength (6). Pinch strength provides a quick
estimator of hand impairment and disability levels (7). In addition to MVC and endurance,
pinch strength can also provide information about precision and accuracy (8).

Numerous studies have explored grip and pinch strength values (9—-12). Many of these studies
prioritize establishing standard benchmarks for grip and pinch strength in healthy adults.
Moreover, some studies have targeted particular demographics like children or individuals
experiencing diminished dexterity post-stroke (13,14). However, there is a lack of studies
comparing pinch MVC to hand grip MVC in healthy people (9). Furthermore, to date, there are
no studies that compared specific pinch strength tasks as useful in hand rehabilitation.
Therefore, the first objective of this study was to compare hand grip MVC and pinch MVC in a
mixed sample of healthy young adults to understand if pinch strength might be a valid
replacement to hand grip strength for assessing the functionality of the hand. Moreover, an
additional aim is to understand if there are within-subject differences in pinch tasks, in terms

of MVC, precision, accuracy, and endurance, based on handedness and side.



3. Methods

3.1 Participants

A cross-sectional study was developed. The study was conducted at the Vrije Universiteit
Brussel - Campus Jette and has obtained ethical approval from the Ethics Committee - UZB-
VUB Brussel (ethics committee number: BUN 1432024000125). Participants were adults (aged
>18), without musculoskeletal or neurological disorders that could hinder the upper limb
functionality. Additionally, they needed to be able to read and understand the English
language. Recruitment was conducted among students affiliated with Universities in Brussels.

All participants gave written informed consent before participating in the study.

3.2 Study design

Even after having signed the informed consent, the participants were free to withdraw if they
considered it appropriate. Subsequently, individuals were invited to participate in a brief
interview with two expert physiotherapists to ascertain whether they met the inclusion
criteria. Included participants were interviewed in order to collect their demographic
information including age, weight, height and handedness. Each participant was anonymised
by assigning him/her a progressive ID number (i.e. P01, P02, and so forth). Before the starting
of every testing phase, participants were introduced to the experimental task during a brief
familiarisation phase where they could get acquainted with the different measurement
systems with both hands. To account for possible confounding factors, such as mechanical
manifestations of fatigue during the experimental task, the order of all tests was randomised
using the freely available software “Randomizer.org”. The randomisation process was
conducted in a double-blinded manner by an external researcher not involved in this study.
Moreover, the order of the hands was randomised for each experimental testing phase using
the same method described above. For every testing phase, the participants’ position was
standardised according to the American Society of Hand Therapists (ASHT) recommendations
(15). Participants were seated on a chair with feet laid on the floor, shoulders in a neutral

position, arms parallel to the trunk, elbow flexed at 110° to 150° without any component of



supination, forearm resting on the table, the wrist in neutral position (0-15° of extension and
0-15° of ulnar deviation). During the testing phases, the non-working hand had to lay open and

relaxed on the table (7). Both hands were evaluated separately.

3.3 Outcomes

The experimental session was divided into two consecutive testing phases examining: 1) hand
grip MVC and 2) pinch strength tasks: pinch MVC, precision, accuracy and endurance. Hand
grip and pinch tests were separated by 3 minutes of resting time in order to reduce fatigue

manifestations.

Hand grip MVC

The assessment of hand grip MVC was conducted using an adjustable-handle Jamar
dynamometer distributed by Patterson Medical (see at:
https://www.performancehealth.com/jamar-hydraulic-hand-evaluation-kit). The ASHT
recommended that "the second handle position of the dynamometer be used when evaluating
grip strength" (16). After the individual was positioned properly, an operator asked him/her to
squeeze as hard as he/she could in 10 seconds and then relax (3 repetitions for each session,
separated by 60 seconds of rest). Only the maximum value reported in kg was considered

during analyses.

Pinch strength tasks

A digital pinch gauge (distributed by EMAC s.r.l., Genova, Italy) was used for the assessment of
palmar pinch MVC, precision, accuracy and endurance. The device was connected to the PC
via USB since it was associated with a software. A user-friendly graphical interface (GUI)
offered participants real-time visual feedback on the force exerted in kg. The pinch gauge was
held between the fingertips of the thumb and the index fully extended, while the remaining
fingers were clenched. Pinch tests were repeated 3 times, alternating the two limbs, with a
60-second rest period between each assessment. For MVC only the maximum value was
considered during analyses. Regarding precision, accuracy and endurance the average of the 3

evaluations was calculated and used for the analyses.


https://www.performancehealth.com/jamar-hydraulic-hand-evaluation-kit
https://www.performancehealth.com/jamar-hydraulic-hand-evaluation-kit
https://www.performancehealth.com/jamar-hydraulic-hand-evaluation-kit

Maximal voluntary contraction
For palmar pinch MVC an operator asked the participant to squeeze as hard as he/she can in

10 seconds and then relax. The maximum value was reported in kg.

Precision and accuracy

Precision and accuracy consisted of a force-matching visual feedback-based test, in which the
participant had to deliver a force targeting a force that was graphically represented by a red
square wave of four equal periods (Figure 1). Each period was identified by an epoch lasting 3
seconds and a rest period of 3 seconds in which the target had been set at 0 kg. In the 4
epochs the targets were set at various %MVC levels (i.e., 70%, 40%, 25%, 10%) that were
displayed on the monitor from the highest to the lowest. Even if a tolerance range was not

displayed in this test, the participants had to stay as close as possible to the force target.
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Figure 1. Graphical user interface displayed during precision and accuracy task

Precision was assessed using the coefficient of variability (CV): the standard deviation (SD) of

the force signal normalized by the mean force (8).
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where Fq; represents the delivered force at the time sample /; F represents the mean force;
and n represents the total number of time samples.

The accuracy was assessed using the mean distance (MD): the mean value of the modules of
the difference between the participants’ force data samples and the force target (40%MVC)

across the time duration, normalized by the target force (8,17).

n
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where F,; represents the delivered force at the time sample i; F;; represents the target force at

the time sample i; and n represents the total number of time samples.

Endurance

For endurance participants had to match a force target set at 40% (Figure 2) of their palmar
pinch MVC, following a line displayed on the monitor. The task necessitated endurance to
maintain the contraction until reaching exhaustion. The task was automatically interrupted if
the cursor exceeded a variability of 10% of the palmar pinch MVC for longer than 1 second (9).

Endurance was reported in seconds.
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Figure 2. Graphical user interface displayed during endurance



3.4 Statistics

A priori analysis was run with IBM SPSS Statistics (29.0) to calculate the sample size. Based on
Pearson correlation, a sample of 31 participants was determined with a power of 90% and an
effect size of 0.5 based on prior study identified in the literature(9).

The Shapiro-Wilk test was used to investigate the normal distribution. The outcome data were
also explored visually through Q-Q plot graphs. Pearson or Spearman’s analysis were
performed to correlate hand grip and pinch strength tasks. The correlation strength was
defined as very high (p > 0.90), high (p = 0.70-0.89), moderate (p = 0.50-0.69), low (p = 0.30-
0.49), or very low (p < 0.29) (18). Bland and Altman comparison plots were used to determine
differences between maximal hand grip and pinch strength. Paired Samples T-tests or
Wilcoxon tests were used to compare pinch strength tasks within subjects. The significance

was set at p < 0.05.



4. Results
In line with the eligibility criteria, 41 participants (28 women and 13 men) joined the study.
Two female participants were further excluded from the analysis due to partial missing data
not correctly acquired from the digital tool. Table 1 reports the descriptive characteristics of
the investigated sample.

Table 1. Demographic characteristics and Maximal Voluntary Contraction strength of 39 young adults

All (39) Female (26) Male (13)
Age (years) 21.0[20.0-22.0]  21.0[20.0-23.0] 21.0 [20.0-22.0]
Weight (kg) 65.0 [55.5-67.5] 59.0 + 6.8 73.5+11.3
Height (cm) 171.2 £8.7 167.0 £0.1 180.0 + 0.0
BMI (kg/m?) 21.8+0.0 21.2+20 225+26
Hand grip strength
MVC right (kg) 32.0 [28.0-44.0] 29.3+3.8 470+ 45
MVC left (kg) 30.0 [28.0-40.0]  29.0 [25.0-30.0] 435+ 6.5
Pinch strength
MVC right (kg) 4.2 [3.5-5.3] 3.9+07 56+1.1
MVC left (kg) 41+1.0 3.7+0.9 49+0.8

Data are represented as mean +SD or median [IQR]; BMI = Body Mass Index; MVC = Maximal Voluntary
Contraction

Comparison of hand grip strength and pinch strength

Overall, in the sample, there was a high correlation between right HGS and right PS (rho =
0.76; p < 0.001), while a moderate correlation was found between left HGS and left PS (rho =
0.60; p < 0.001). For the right hand, the estimated bias was 30.7 kg (95%Cl 28.0 kg to 33.5 kg)
and 95% limits of agreement were 14.2 kg and 47.2 kg (Figure 3).

For the left hand, the estimated bias was 29.3 kg (95%C| 26.6 kg to 32.2 kg) and 95% limits of

agreement were 12.5 kg and 46.2 kg (Figure 4).
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Comparison of pinch strength tasks based on handedness and side

Table 2 and 3 summarize the results of the comparisons of pinch strength tasks within the
participants. The correlations of pinch strength tasks between dominant and non-dominant
hands were moderate to high. The maximal voluntary contraction strength of the dominant
hand was significantly higher compared to the MVC of the non-dominant hand (p = 0.004).

The correlations of pinch strength tasks between right and left hands were moderate to high.
The maximal voluntary contraction strength of the right hand was significantly higher

compared to the MVC of the left hand (p = 0.005).

Table 2. Comparison of pinch strength tasks between dominant and non-dominant hands of 39 young
adults

Dominant Non Mean
Task hand dominant Correlation P value Difference P value
hand +95% ClI
MVC (kg) 4.2 [3.6-5.3] 41+1.1 0.85° <.001 0.4+0.2 0.004 ¢
PREC (%) 6.8 [5.2-8.4] 6.0 [5.2-7.7] 0.59° <.001 0.0+0.1 0.305 ¢
ACC (%) 7.3[6.4-10.4] 7.8 [5.9-9.5] 0.78 2 <.001 0.0+0.1 0.572°
END (s) 79.7 +34.3 75.9 + 30.6 0.55° <.001 4.0+10.0 0.431 ¢

Data are represented as mean + SD or median [IQR]; MVC = Maximal Voluntary Contraction; PREC = Precision;
ACC = Accuracy; END = Endurance; ® Spearman’s (rho); ® pearson (n); © Wilcoxon test; 4paired Sample T-Test

Table 3. Comparison of pinch strength tasks between right and left hands of 39 young adults

Mean
Task Right hand Left hand Correlation P value Difference P value
+95% Cl
MVC (kg)  4.2[3.5-5.3] 41+1.0 0.84 2 <.001 0.4+0.2 0.005 "
PREC (%) 6.6[5.2-7.8] 5.9 [5.2-6.9] 0.62° <.001 0.1+0.1 0.230°
ACC (%) 7.3[6.7-10.0] 7.7 [5.9-9.5] 0.78° <.001 0.0+0.1 0.670°
END (s) 81.0 + 32.9 74.7 +31.9 0.56 " <.001 6.3+9.9 0.202 ¢

Data are represented as mean + SD or median [IQR]; MVC = Maximal Voluntary Contraction; PREC = Precision;
ACC = Accuracy; END = Endurance; ® Spearman’s (rho); ® Pearson (n); © Wilcoxon test; 4 paired Sample T-Test
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5. Discussion

Our results suggest that pinch strength cannot replace hand grip strength. This is in agreement
with finding of Choi et al. (2015) in a sample of adults with dexterity limitations. Despite the
fact that our sample had lower hand grip strength stratified by age and height compared to
the average German population, sex differences were apparent (20). These strength
differences may be explained by differences in muscle mass, as stated by Nuzzo et al.(21) but
also due to anthropometric characteristics (particularly height), which have a strong
correlation with hand grip strength (3). As a result, hand grip-to-pinch strength measurements
differences are higher in males compared to females.

We found that pinch MVC values were higher in the dominant and right hand compared to the
non-dominant and left hand respectively. Although differences in MVC were similar to the
findings in previous studies (7,8,11,21,22) mean differences lower than 10% were found. This
suggests that these differences are not clinically relevant. The differences, as observed in a
previous study, seem to be more related to the activities performed during life (particularly
work) rather than to dominance or side (23). As shown by Josty et al.(1997), higher activity
level is related to smaller strength differences between hands. By sub-analyzing the strength
differences according to handedness and side were only found in males, as also shown by
Dottor et al. (2023). Our data showed that mean MVC values aligned with those reported in
previous studies which are comparable in terms of age and data acquisition modality (7).
However, we found that in 10 participants (25% of the sample), the non-dominant hand was
equally strong or stronger than the dominant hand (the distribution of left-handed and right-
handed individuals of the sub-group followed that of the entire sample). 25% is a non-
negligible percentage, and it could suggest that, in a clinical setting, it might be useful to take
the other hand as a reference, at least in the initial phase of rehabilitation.

The other pinch strength tasks required (e.g., precision, accuracy and endurance) showed
similar percentage differences between the hands (between 5% and 10%, not statistically
significant). Precision and accuracy could serve as useful parameters for describing clinical
improvements in pinch motor control. They offer information about the variability in the
strength exerted (precision) and the ability to maintain strength close to a specific target

(accuracy). Given that numerous daily hand activities involve sustained and sub-maximal
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contractions, precision and accuracy are an important and efficient assessment for hand
function. Our results show similarities with previous data found in literature (8). Our data
collected for endurance were shorter than those found by Dottor et al. (2021). This could be
explained by the different data acquisition methods adopted. In our study, a mean of 3
measurements performed the same day was taken, while in the study by Dottor et al. (2021)
individual values from 2 measurements taken on different days were used. If we consider only
the best result out of the 3 evaluations, our data appear more like those of Dottor et al.
(2021). This could be further explained by the fact that endurance performance is more
influenced by cognitive factors (e.g. concentration, motivation, mental exhaustion, focus of
attention) that which in our data acquisition lasting 30-40 minutes (considering all tasks for
both hands) could be relevant.

A heterogeneous sample comprising 13 males and 26 females, and the relatively young age of
the participants, made the data not comparable to the general population. For the fact that
the study was conducted on a healthy young adult population, this doesn’t allow to generalize
the results obtained in impaired people.

On the other hand, a notable strength of the study is the comprehensive analysis of pinch

strength tasks such as precision, accuracy and endurance parameters.

6. Conclusions

Pinch strength cannot replace hand grip strength to evaluate hand functionality. However,
pinch strength tasks may be important tools for a more comprehensive evaluation of the hand
functionality. As no clinically relevant differences in pinch strength tasks were found between
sides, pinch strength tasks might be useful during rehabilitation. We suggest that the
measurement of one side could serve as a reference in the rehabilitation of the other one.
Future studies are necessary to understand whether the results obtained with our study are

also applicable to populations with specific conditions.
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