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 ABSTRACT (Times New Roman typeface and 10 points) 
Background: In sports where upper extremity control is important, 
especially in Olympic-style weightlifting, grip strength and, in 
particular, pinch strength are considered important performance 
components.Objective: To examine the relationships of grip, key, 
and palmar pinch strength with weightlifting performance, 
anthropometric characteristics, and training experience in elite 
female weightlifters, and to compare athletes from the Turkish 
National Team (NTW) and the Turkish Olympic Training Center 
(TOHM). Methods: Thirty-two female Olympic-style weightlifters 
participated in the study (NTW: n = 16; TOHM: n = 16). 
Anthropometric data and training history were recorded, and 
maximum snatch and clean-and-jerk values were obtained from 
federation sources. Grip, key, and palmar pinch strengths were 
measured on both hands using a calibrated hydraulic dynamometer. 
Mann–Whitney U and Wilcoxon tests were used for group 
comparisons, and Spearman's correlation coefficient was used to 
assess relationships between variables. Results: NTW athletes were 
found to be significantly superior to the TOHM group in years of 
training, snatch and clean-and-jerk performance, and KP Right, TP 
Right/Left, and PL Right/Left pinch strength (p < 0.05). No 
significant differences were observed between the two groups in 
terms of height, body weight, and body mass index. Additionally, 
no statistically significant differences were found between right- and 
left-hand pinch strengths in either group. In the NTW group, pinch 
strength was moderately to strongly correlated with age, training 
experience, and certain body composition measures, while 
correlations with technical performance variables were generally 
weak. Conclusions: This study found that pinch strength was 
moderately to strongly associated with experience-based variables, 
such as age and training duration, in elite female weightlifters. 
However, its associations with technical performance measures 
(snatch and clean & jerk) were generally weak. These findings 
suggest that while grip strength contributes to overall physical 
capacity, success in weightlifting also depends on multiple factors, 
including technical proficiency and motor control. 
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Introduction  
Weightlifting is an Olympic sport performed in two main disciplines: the snatch and the clean and jerk, 
requiring high levels of strength, speed, coordination, and technical skill (Garhammer, 1993, Erdağı, 
2022). Success in this sport depends on the optimal combination of lower- and upper-extremity muscle 
strength and technical performance (Storey and Smith, 2012). Upper-extremity strength plays a critical 
role in the safe gripping, balancing, and control of the bar during lifts. This relationship is supported by 
findings that grip strength is significantly associated with snatch performance and can also affect lift 
success by improving bar control (Huebner, 2023). The force applied during the grip directly affects 
both the success of the lift and the athlete's risk of injury. Therefore, in weightlifting, grip skills and 
finger strength are integral to performance. Indeed, a study conducted on elite female adolescent 
weightlifters revealed that these athletes had higher grip strength using both the thumb and two fingers 
compared with their sedentary peers, and that their accuracy in reproducing this strength at the target 
level was also greater. This finding demonstrates that grip strength during weightlifting is a critical 
component not only of absolute power but also of the acuity of force perception (Erdağı et al., 2020). 
Pinch force refers to the squeezing force applied between the thumb and other fingers and is generally 
evaluated in three primary forms: tip pinch, key (lateral) pinch (Mathiowetz et al., 1984; Mathiowetz et 
al., 1985; Mathiowetz et al., 1986). The tip and key pinch types, in particular, represent the precise 
squeezing force between the thumb and either the index finger or other fingers (Aroona et al., 2023). 
The tip pinch force is applied by squeezing the tips of the thumb and index finger together, whereas the 
key pinch force is applied by pressing the side of the thumb against the side of the index finger. Both 
types of force develop based on thumb-finger tip coordination, and this coordination directly affects the 
fine motor control of the hand (Mathiowetz et al., 1984; Mathiowetz et al., 1986). The palmar pinch is 
a type of grasp in which the thumb and the tips of the index and middle fingers pinch together and is an 
important indicator, especially in tasks involving three-finger coordination. It has a wider surface 
contact than the tip and key pinch, and in some sports, this type of grasp plays a complementary role in 
measuring hand dexterity and finger strength (Mathiowetz et al., 1984; Mathiowetz et al., 1985). 

In sports where grip strength is important, such as weightlifting, different types of grips can engage 
different muscle groups and biomechanical characteristics. Keogh et al. (2018) found a strong 
correlation between handgrip tests and thick-bar grip tests and a moderate correlation between handgrip 
tests and pinch-grip tests in their study of powerlifters and strongman athletes. In contrast, no significant 
relationship was found between pinch grip and thick-bar grip. The authors noted that these differences 
may stem from factors such as hand position, task specificity, and muscle activation. Therefore, 
evaluating grip skills using separate, sport-specific tests may contribute to more effective training 
program planning (Keogh et al., 2018). 

In certain sports (for example, climbing, handball, wrestling, and baseball), particularly those involving 
intensive use of upper-extremity muscles, pinch-grip strength, the force exerted between the fingers, is 
significantly related to athletic performance. For example, a study of climbers showed that they exerted 
significantly greater force than other athletes in most of the seven pinch grips (Assmann et al., 2020). 

Similarly, a study of elite handball players found that key, tip, and palmar pinch forces showed a 
significant positive correlation with overall grip strength, and that anthropometric measurements such 
as hand length, hand width, forearm circumference, and wrist circumference were also significantly 
related to these pinch forces (Arpaçay et al., 2024). These findings suggest that athletic performance 
may depend not only on overall grip strength but also on specific finger strength and structural 
characteristics of the hand. 
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The literature includes studies that examine the relationship between pinch forces and performance in 
sports such as climbing, handball, and wrestling; however, research evaluating the role of these force 
types specifically in weightlifting, particularly among female athletes, remains limited. Furthermore, 
the role of pinch forces in weightlifting techniques, such as the snatch and the clean and jerk, has not 
yet been comprehensively clarified. Therefore, research on this topic is needed. 

The purpose of this study is to examine the relationship between the thumb, index-finger, and palm-
pinch strength of female weightlifters and their athletic level (National Team and Turkish Olympic 
Training Center TOHM), physical characteristics (height, weight, BMI, training duration), and 
weightlifting performance (snatch and clean and jerk). The main hypothesis of the study is that National 
Team athletes will have higher pinch forces and that these forces will be positively related to 
weightlifting performance. It is also assumed that tip-pinch and key-pinch forces will be significantly 
related to athletes' physical characteristics. 

Materials and Methods 

Participants  

A total of 32 female weightlifters participated in this study. Participants were divided into two groups 
based on their competition levels: the first group included athletes who had represented their country at 
international weightlifting championships as members of the national team (such as European 
Championships, World Championships, Olympic Games, Youth Olympic Games) (n = 16); the second 
group included athletes who had participated in official national and certain international tournaments 
within the Turkey Olympic Preparation Center (TOHM) (n = 16). All athletes in both groups had a 
training history of at least 2 years in Olympic-style weightlifting and trained at least 6 days per week 
for an average of 3 hours per day during the data collection period. Groups were distinguished based 
on the highest weightlifting championship level at which the athletes had competed in the past or 
recently; medal rankings were not used as a determining criterion for this classification. 

Inclusion criteria: Having practiced Olympic-style weightlifting for at least 2 years, actively training 
with a license, and having participated in competitions at the specified level. Exclusion criteria are 
defined as follows: a history of injury to the hand, wrist, or elbow within the past 3 months;  previous 
surgical procedures or fractures in these areas;  deformities of the upper extremities;  or the presence of 
musculoskeletal or neurological disorders. 

Demographic information, anthropometric measurements (age, height, body weight, body mass index), 
sports history, and competition experience were collected from participants using a standard 
information form. Athletes' maximum snatch and clean-and-jerk data were obtained from the official 
websites of national and international federations. 

This research was conducted in accordance with the ethical principles of the 2013 Declaration of 
Helsinki and was reviewed and approved by the Ethics Committee for Scientific Research in Social and 
Human Sciences at Necmettin Erbakan University (Approval Date: 17.10.2025, Decision No: 
2025/870). 

Measurements  

Anthropometric and Dtrength Measurements 

Prior to data collection, all measurement procedures were tested,  potential implementation issues were 
identified, and necessary adjustments were made. As part of the anthropometric measurements, height 
was measured using a stadiometer (Seca 274, Hamburg, Germany) to an accuracy of ±0.1 cm while 



 

Journal of Sport Science & Innovation (JOSSI) 

Volume 1, Issue 1 Year 2025                                                       

 

20 
 

participants stood barefoot and upright. Body weight was recorded using a digital weighing scale 
(Tanita DC-430MA, Tokyo, Japan) with an accuracy of ±0.1 kg. Body mass index (BMI) was calculated 
as body weight (kg) divided by height (m)2. Additionally, data on age, years of training, height, weight, 
BMI, and hand dominance were collected using a standard assessment form.  

Upper extremity dominance was determined by asking participants which hand they preferred to use 
for writing and physically demanding tasks in daily life. All participants reported their right hand as 
dominant. 

The study's basic physical assessments include force measurements of tip pinch (TP), key pinch (KP), 
and palmar pinch (PL). Force measurements were performed using a calibrated hydraulic pinch 
dynamometer (Jamar® Hydraulic Pinch Gauge, USA). Participants were seated during the 
measurement; their shoulders were adducted and neutrally rotated, their elbows flexed to 90°, and their 
forearms in a neutral position. This test position was applied using the method recommended by the 
American Society of Hand Therapists, and detailed by Mathiowetz and colleagues (Mathiowetz et al., 
1985). Three repetitions were performed for each pinch type, and the highest value was used in the 
analysis. All measurements were performed by the same researcher to ensure intra-rater reliability. 

Pinch Strength Measurement 

Participants' TP, KP, and PL pinch grip strength were assessed using a calibrated hydraulic pinch 
dynamometer (Jamar® Hydraulic Pinch Gauge, USA). During measurements, participants were 
positioned in a standard seated position with the shoulders adducted and neutrally rotated, the elbows 
flexed at 90°, and the forearms and wrists in neutral positions. This test position was applied in 
accordance with the recommendations of the American Society of Hand Therapists (ASHT) and with 
the standard protocols defined by Mathiowetz and colleagues (1984, 1985) (Mathiowetz et al., 1984, 
Mathiowetz et al., 1985). 

TP was defined as the grip in which the thumb tip touches the index fingertip. KP was defined as the 
grip in which the pad of the thumb touches the radial surface of the middle phalanx of the index finger. 
PL was defined as a three-finger grip in which the tips of the thumb, index, and middle fingers meet. 
Three consecutive measurements were taken for each grip type, and the highest value was used in the 
analysis. The device was held in a fixed position during measurement, lightly supported by the 
evaluator. All measurements were performed by the same researcher. Before the measurement, each 
participant was given a trial run to familiarize themselves with the device. A 30-second rest period was 
given between measurements to minimize fatigue (Mathiowetz et al., 1984; Mathiowetz et al., 1985). 

Statistical Analysis 

All statistical analyses were performed using IBM SPSS Statistics 25.0 (IBM Corp., Armonk, NY, 
USA). Differences in TP, KP, and PL forces between the NTW and TOHM groups were examined 
using the Mann–Whitney U test. Intra-group comparisons between the dominant and non-dominant 
hands for each pinch type were performed using the Wilcoxon test. Additionally, the relationships 
between pinch force variables (TP, KP, PL) for the right and left hands and individual characteristics 
(age, height, body weight, body mass index (BMI), training years (TE), and weightlifting performance 
(snatch, clean and jerk)) were evaluated using Spearman's correlation coefficient. The strengths of the 
correlations were interpreted according to Evans' (1996) classification, and analyses were performed in 
accordance with the statistical standards recommended for biomedical research (Mukaka, 2012; Evans, 
1996). The level of statistical significance was set at p < 0.05. 
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Results  

In a comparison between NTW and TOHM athletes, the NTW group exhibited significantly greater age 
(p < 0.001) and training experience (TE) (p = 0.007). 

Among the performance variables, Max Snatch (p = 0.005) and Max Clean & Jerk (p = 0.007) were 
significantly higher in the NTW group than in the TOHM group. 

Among the pinch strength variables, KP Right (p = 0.012), TP Right (p = 0.025), TP Left (p < 0.001), 
PL Right (p = 0.030), and PL Left (p < 0.001) were significantly higher in the NTW group. However, 
no significant difference was observed in KP Left (p = 0.231) between the groups. 

No statistically significant differences were found between the two groups for height (p = 0.602), body 
weight (p = 0.298), and BMI (p = 0.352). These findings are presented in Table 1. 

Table 1. Comparison of Demographic, Anthropometric, Performance, and Pinch Strength Variables 
between National Team and TOHM Female Weightlifters 

Variables 
NTW 
 (n=16) 

TOHM  
 (n=16)  

p Value* 
Mean ± SD Median (IQR) Mean ± SD Median (IQR) 

Age (years) 20.41 ± 2.95 19.75 (2.80) 17.18 ± 0.88 17.10 (1.90) <0.001 
Height (cm) 162.08 ± 8.77 163.50 (14.20) 160.92 ± 5.68 161.70 (10.50) 0.602 
Body weight (kg) 70.41 ± 20.82 67.40 (26.80) 62.15 ± 10.89 61.10 (11.30) 0.298 
BMI (kg/m²) 26.31 ± 5.91 24.50 (9.40) 23.89 ± 3.12 23.40 (3.20) 0.352 
TE (years) 7.38 ± 3.22 7.15 (3.60) 4.32 ± 1.75 3.60 (2.60) 0.007 
Max Snatch (kg) 84.08 ± 11.27 86.50 (21.10) 71.42 ± 6.71 71.00 (9.80) 0.005 
Max Clean&Jerk (kg) 102.65 ± 14.63 101.50 (28.80) 86.75 ± 8.05 86.20 (9.50) 0.007 
KP Right (kg) 8.49 ± 1.25 9.05 (0.70) 7.35 ± 1.27 7.40 (1.70) 0.012 
KP Left (kg) 8.22 ± 1.46 8.70 (2.90) 7.68 ± 1.18 7.85 (2.20) 0.231 
TP Right (kg) 7.13 ± 1.91 7.05 (3.50) 5.51 ± 1.20 5.40 (1.70) 0.025 
TP Left (kg) 6.79 ± 1.49 6.30 (5.80) 4.92 ± 1.15 4.95 (0.60) <0.001 
PL Right (kg) 6.32 ± 1.58 6.40 (2.60) 5.17 ± 1.04 5.10 (1.60) 0.030 
PL Left (kg) 6.50 ± 1.33 6.35 (2.00) 4.78 ± 0.76 4.70 (0.90) <0.001 

Data are presented as mean ± standard deviation (SD) and median (interquartile range, IQR). TE: 
Training experience; BW: Body weight; BMI: Body mass index; KP: Key pinch; TP: Tip pinch; PL: 
Palmar pinch. TOHM: Turkish Olympic Preparation Center.; NTW: National Team Weightlifters;  
*Mann-Whitney U test was applied. 

Comparisons of right- and left-hand pinch strengths within each group (NTW and TOHM) are presented 
in Table 2. In NTW athletes, No statistically significant differences were found between right and left 
hands for KP (p = 0.259), TP (p = 0.203), and PL (p = 0.118) measurements. 

Similarly, no statistically significant differences were observed between the right and left hands for KP 
(p = 0.165), TP (p = 0.749), and PL (p = 0.159) measurements in TOHM athletes. Data related to these 
findings are presented in Table 2. 

Table 2. Comparison of right and left hand pinch strength in National Team and TOHM female 
weightlifters 

Variables  
Right (n=16) Left (n=16) 

p Value* 
Mean ± SD Median (IQR) Mean ± SD Median (IQR) 

NTW KP (kg) 8.49 ± 1.25 9.05 (0.70) 8.22 ± 1.46 8.70 (2.90) 0.259 
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TOHM KP (kg) 7.35 ± 1.27 7.40 (1.70) 7.68 ± 1.18 7.85 (2.20) 0.165 
NTW TP (kg) 7.13 ± 1.91 7.05 (3.50) 6.79 ± 1.49 6.30 (5.80) 0.203 
TOHM TP (kg) 5.51 ± 1.20 5.40 (1.70) 4.92 ± 1.15 4.95 (0.60) 0.749 
NTW PL (kg) 6.32 ± 1.58 6.40 (2.60) 6.50 ± 1.33 6.35 (2.00) 0.118 
TOHM PL (kg) 5.17 ± 1.04 5.10 (1.60) 4.78 ± 0.76 4.70 (0.90) 0.159 

Data are presented as mean ± standard deviation (Mean ± SD) and median (interquartile range) [Median 
(IQR)]. KP: Key pinch; TP: Tip pinch; PL: Palmar pinch; TOHM: Turkish Olympic Preparation Center; 
NTW: National Team Weightlifters; *Wilcoxon test was applied.  

Correlation Findings for the NTW Group 

In the NTW group, positive correlations were observed between various pinch strength variables and 
age, height, body weight, BMI, training experience (TE), Max Snatch, and Max Clean & Jerk. 

Age showed moderate correlations with KP Right (r = 0.482), KP Left (r = 0.441), and TP Left (r = 
0.439), but a strong correlation with TP Right (r = 0.629). Strong correlations were also found with PL 
Right (r = 0.592) and PL Left (r = 0.662). Height exhibited weak-to-moderate correlations with all pinch 
strength variables, ranging from r = 0.391 to r = 0.493. Body weight (BW) was weakly correlated with 
TP Left (r = 0.356), moderately correlated with KP Right (r = 0.422), KP Left (r = 0.498), TP Right (r 
= 0.439), and PL Right (r = 0.403), and strongly correlated with PL Left (r = 0.589). BMI demonstrated 
weak correlations with TP Left (r = 0.238) and PL Right (r = 0.327), and moderate correlations with 
KP Right (r = 0.574), KP Left (r = 0.552), TP Right (r = 0.398), and PL Left (r = 0.501). Training 
Experience (TE) correlated moderately with KP Right (r = 0.381), KP Left (r = 0.489), TP Right (r = 
0.561), and TP Left (r = 0.439); it correlated strongly with PL Right (r = 0.581) and PL Left (r = 0.672). 
Max Snatch showed very weak positive correlations with KP Right (r = 0.289), KP Left (r = 0.191), PL 
Right (r = 0.132), and PL Left (r = 0.309), and a negligible negative correlation with TP Left (r = -
0.081). Max Clean and Jerk showed weak correlations with KP Right (r = 0.328), KP Left (r = 0.263), 
TP Right (r = 0.271), and PL Right (r = 0.243); it showed a moderate correlation with PL Left (r = 
0.429), whereas TP Left had a negligible negative correlation (r = –0.026). 

Correlation Findings for the TOHM Group 

In the TOHM group, various positive and negative correlations were observed between different types 
of pinch strength and age, height, body weight, BMI, training experience (TE), Max Snatch, and Max 
Clean & Jerk. Age showed moderate positive correlations with KP Left (r = 0.602), KP Right (r = 
0.421), and PL Right (r = 0.333), and a very weak positive correlation with PL Left (r = 0.110). A very 
weak negative correlation was found for TP Left (r = –0.182). Height showed a weak positive 
correlation with KP Left (r = 0.432) and a very weak positive correlation with TP Left (r = 0.097). 
Negative correlations were observed for TP Right (r = –0.559, moderate), PL Left (r = –0.392, weak), 
PL Right (r = –0.321, weak), and KP Right (r = –0.019, very weak), respectively. Body weight showed 
moderate positive correlations with KP Left (r = 0.462) and TP Left (r = 0.362), whereas KP Right (r = 
0.007), PL Right (r = 0.112), and PL Left (r = –0.021) showed very weak associations. TP Right had a 
very weak negative correlation (r = –0.089). BMI showed weak positive correlations with KP Right (r 
= 0.211) and PL Right (r = 0.203); moderate positive correlations with KP Left (r = 0.519) and TP Left 
(r = 0.408); and very weak positive correlations with TP Right (r = 0.132) and PL Left (r = 0.018). 
Training Experience (TE) was strongly positively correlated with KP Right (r = 0.608), weakly 
correlated with KP Left (r = 0.354), and very weakly correlated with TP Left (r = 0.029), PL Right (r = 
0.089), and PL Left (r = 0.032). A very weak negative correlation was observed for TP Right (r = -
0.046). Max Snatch showed weak positive correlations with TP Right (r = 0.282), TP Left (r = 0.356), 
and PL Right (r = 0.378). Very weak correlations were observed for KP Right (r = 0.092), KP Left (r = 
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0.364), and PL Left (r = 0.071). Max Clean and Jerk showed moderate positive correlations with KP 
Left (r = 0.541), TP Left (r = 0.429), and PL Right (r = 0.531); weak correlations with KP Right (r = 
0.271) and TP Right (r = 0.316); and a very weak correlation with PL Left (r = 0.112). 

Table 3. Correlations between pinch strength and demographic/performance variables in National 
Team and TOHM female weightlifters 

Variable NTW (n=16) 
KP 
(Right) 

KP 
(Left) 

TP 
(Right) 

TP 
(Left) 

PL 
(Right) 

PL 
(Left) 

Age (years) 0.482 0.441 0.629 0.439 0.592 0.662 
Height (cm) 0.436 0.445 0.401 0.392 0.391 0.493 
BW (kg) 0.422 0.498 0.439 0.356 0.403 0.589 
BMI (kg/m²) 0.574 0.552 0.398 0.238 0.327 0.501 
TE (years) 0.381 0.489 0.561 0.439 0.581 0.672 
Max Snatch (kg) 0.289 0.191 0.142 -0.081 0.132 0.309 
Max Clean & Jerk (kg) 0.328 0.263 0.271 -0.026 0.243 0.429 

Variable TOHM (n=16) 
KP 
(Right) 

KP 
(Left) 

TP 
(Right) 

TP 
(Left) 

PL 
(Right) 

PL 
(Left) 

Age years) 0.421 0.602 0.289 -0.182 0.333 0.110 
Height (cm) -0.019 0.432 -0.559 0.097 -0.321 -0.392 
BW (kg) 0.007 0.462 -0.089 0.362 0.112 -0.021 
BMI (kg/m²) 0.211 0.519 0.132 0.408 0.203 0.018 
TE (years) 0.608 0.354 -0.046 0.029 0.089 0.032 
Max Snatch (kg) 0.092 0.364 0.282 0.356 0.378 0.071 
Max Clean & Jerk (kg) 0.271 0.541 0.316 0.429 0.531 0.112 

Spearman’s correlation coefficients are shown. BW: Body weight; BMI: Body mass index; TE: 
Training experience; KP: Key pinch; TP: Tip pinch; PL: Palmar pinch; TOHM: Turkish Olympic 
Preparation Center; NTW: National Team Weightlifters. 

Discussion 

The aim of this study was to examine the relationships among pinch strength, performance, and 
demographic variables in elite female weightlifters and to compare two groups with different training 
backgrounds. The findings indicated that national team athletes were statistically significantly older, 
had more training experience, and had higher key performance indicators (max snatch and max clean 
and jerk) than TOHM athletes. 

These results largely support the initial hypothesis. The significantly higher tip, key, and palmar pinch 
strength values observed in the national team athletes suggest that these strength parameters may be 
positively associated with training experience and age. However, the generally weak correlations found 
between pinch strength and technical performance variables indicate that grip strength may not be a 
direct determinant of competitive performance outcomes in weightlifting. 

Additionally, significant differences in favor of the national team were observed in KP Right, TP Right, 
TP Left, PL Right, and PL Left measurements, with all pinch strength values—except for KP Left—
being significantly higher in this group. No significant differences were found between the groups in 
terms of height, body weight, or BMI. Furthermore, there were no significant differences in pinch 
strength between the right and left hands within either group. These findings suggest that specific pinch-
strength profiles may be influenced by an athlete’s training history and neuromuscular adaptations, 
rather than direct indicators of technical performance. 
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In this study, NTW outperformed TOHM athletes on several pinch-strength parameters. Significant 
group differences were observed in tip, palmar, and right-hand key pinch strengths, indicating that elite-
level athletes may exhibit a more developed pinch-strength profile. Although no significant group 
differences were found in body weight, height, or BMI, correlation analyses revealed that these 
anthropometric factors were moderately associated with pinch strength among national team athletes. 
This aligns with previous findings in healthy individuals, in which body weight, height, and BMI were 
found to significantly influence pinch strength of the dominant hand (Asif et al., 2023). 

Notably, a study conducted among Indonesian archers reported a significant positive correlation 
between both right- and left-hand pinch strengths and archery performance, suggesting that grip strength 
may contribute to fine motor performance and accuracy (Rusdiawan et al., 2024). Similarly, a large-
scale study among healthcare workers revealed significant differences in pinch strength based on 
anthropometric factors such as sex and age. The mean dominant-hand pinch strength was reported as 
4.23 ± 1.15 kg for women and 6.96 ± 1.58 kg for men, with women aged 35–40 showing the highest 
mean pinch strength (Sayadizadeh et al., 2025). These findings reinforce the notion that age and 
occupational hand use are important contributors to grip strength. Consistent with these studies, the 
current study also found moderate to strong correlations of pinch strength with age and training 
experience, particularly among national-level athletes. 

Similarly, studies conducted in sports that involve frequent upper extremity use have reported that tip, 
key, and palmar pinch strengths reflect athletes’ hand function and may serve as important indicators 
of upper limb physical capacity. In particular, a study involving elite female handball players 
demonstrated significant positive correlations between each of the three types of pinch strength and 
overall grip strength. These strength parameters, when assessed alongside hand anthropometry and body 
composition, were found to play a key role in shaping athletes’ hand strength profiles (Kamaşak 
Arpaçay et al., 2024). Moreover, recent perspectives emphasize that not only quantitative measures of 
pinch strength but also sensory and motor control are critical components of athletic competence. 

In this context, Erdağı et al. (2019) reported that although elite adolescent female weightlifters 
demonstrated high levels of pinch strength, their ability to perceive force intensity accurately, especially 
at very low (10%) and very high (70%) effort levels, was limited. This finding suggests that, beyond 
strength output, proprioceptive awareness and force regulation may also influence performance 
development. 

Conversely, other studies have focused primarily on group differences based on strength levels. For 
instance, Assmann et al. (2021) found that recreational climbers exhibited greater grip strength across 
almost all pinch positions compared to non-climbers. Taken together, these findings support the notion 
that while training leads to improved muscular strength, sport-specific neuromuscular and sensory 
adaptations also play a crucial role in overall athletic performance. 

In this study, no significant differences were found between the right- and left-hand pinch strength 
measurements in either the NTW or the TOHM group. This finding suggests that in symmetrical sports 
like weightlifting, which involve bilateral loading, hand strength may develop in a balanced manner. In 
support of this, Rusdiawan et al. (2024) evaluated right- and left-hand pinch strength separately in 
archers, and reported that grip strength in both hands was significantly positively correlated with 
performance. This underscores the importance of bilateral hand function in sports requiring symmetrical 
upper extremity use. 

In contrast, Puh (2010) reported that, in right-handed individuals, the dominant hand exhibited 
significantly greater pinch strength, likely reflecting habitual unilateral use. However, Erdağı et al. 



 

Journal of Sport Science & Innovation (JOSSI) 

Volume 1, Issue 1 Year 2025                                                       

 

25 
 

(2019) found no significant difference in strength between hands when measured under equivalent 
conditions, further supporting the notion that bilateral sports may promote symmetrical strength 
development. These findings collectively suggest that the demands of symmetrical, bilateral sports like 
weightlifting may lead to more evenly distributed upper limb strength profiles. 

Similarly, in the study by Assmann et al. (2021), recreational climbers exhibited less pronounced 
strength differences between the dominant and non-dominant hands compared to non-climbers. 
Interestingly, in less familiar pinch positions (e.g., I/IV or I/II+III+IV), these differences were not 
statistically significant. Collectively, the findings of both studies suggest that in sports requiring 
coordinated and balanced use of both hands, bilateral strength distribution tends to develop more 
symmetrically. 

In contrast, a large-scale study by Sayadizadeh et al. (2025) involving healthcare professionals reported 
that among female participants, pinch strength in the dominant hand was significantly higher than that 
in the non-dominant hand. This discrepancy was attributed to habitual use of the dominant hand during 
daily tasks, suggesting that strength symmetry may vary with occupational or functional hand-use 
patterns. 

In this study, several positive correlations were observed between pinch-strength parameters and 
individual characteristics, such as age, training experience, height, and body weight. These relationships 
were generally moderate to strong in the national team group, whereas they were weaker in the TOHM 
group. This suggests that greater age and more years of athletic experience may be associated with more 
pronounced development of muscular strength. 

Furthermore, our findings indicate that pinch strength is influenced not only by age and training history 
but also by an individual’s physical and structural attributes. In support of this, Takagi et al. (2019) 
reported a strong positive correlation between upper extremity muscle mass and lateral pinch strength 
in young adults. Notably, this association remained significant regardless of sex, emphasizing the 
critical role of muscle mass in determining hand strength and functional capacity. 

Similarly, a study by Asif et al. (2023) involving healthy adults reported significant positive correlations 
between dominant hand pinch strength and key anthropometric variables such as age, height, and body 
mass index. The authors suggested that age-related increases in muscle mass and neuromuscular 
development may have contributed to these associations. 

In another study, Rusdiawan et al. (2024) found significant positive correlations between right- and left-
hand pinch strength and variables such as age and training duration in Indonesian archers. Notably, a 
strong correlation was reported between age and palmar pinch strength, further supporting the 
relationship among age, experience, and development of hand strength. 

Consistent findings were also observed in the study by Sayadizadeh et al. (2025), which involved female 
healthcare professionals. The study identified significant positive correlations between dominant hand 
pinch strength and variables such as age, height, and body weight. 

Collectively, these studies support the notion that pinch strength tends to increase with age and that 
both physical characteristics (e.g., anthropometry) and training background may influence its 
development. 

In the same vein, a study involving elite female handball players reported significant positive 
associations between tip, key, and palmar pinch strengths and hand anthropometric characteristics 
(Kamaşak Arpaçay et al., 2024). This supports the idea that muscle strength is influenced not only by 
age and training experience, but also by individual structural and physical attributes. 
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Additionally, Puh (2010) found that pinch strength tends to increase with age, peaking between ages 25 
and 44. In contrast, Erdağı et al. (2019) reported that adolescent weightlifters of lower mean age 
exhibited reduced ability to accurately perceive force. These findings suggest that older and more 
experienced athletes may demonstrate not only higher levels of strength but also more developed motor 
awareness. Although the athletes in the present study fall below the peak age range, the significantly 
greater training experience observed in the national team group indicates that sport-specific loading, in 
addition to age, may play a compensatory role in the development of pinch strength. 

In our study,  weak correlations were generally observed between pinch strength and technical 
performance indicators, such as Max Snatch and Clean and Jerk. These findings suggest that technical 
proficiency in weightlifting depends not only on grip strength but also on motor coordination, balance, 
movement speed, and technique optimization. 

Indeed, in certain sports, pinch strength may play a more decisive role in technical performance. For 
example, in disciplines like archery, which require upper extremity stabilization and fine motor control, 
pinch grip strength has been shown to correlate significantly with performance outcomes (Rusdiawan 
et al., 2024). 

In contrast, weightlifting involves multi-joint, explosive movements and complex coordination, in 
which not only the amount of force but also the ability to apply and regulate that force within a precise 
movement pattern are likely to be more critical than absolute grip strength. These distinctions highlight 
the sport-specific nature of strength-performance relationships. 

Supporting this perspective, Erdağı et al. (2019) emphasized that deficiencies in the accuracy of force 
perception can negatively impact performance, particularly in sports that require high levels of technical 
precision. The authors demonstrated that even elite adolescent weightlifters with high levels of pinch 
strength exhibited notable limitations in their ability to accurately perceive and regulate force. 
Specifically, measurements taken at very low (10%) and very high (70%) intensity levels revealed 
inadequate control and inconsistent application of force. 

These findings suggest that athletic performance may not be improved solely through increased 
muscular strength, but also through accurate force perception, balanced regulation, and the coordinated 
integration of strength within complex technical movements. 

Limitations 

This study has several limitations. First, the sample size is relatively small (n = 32) and includes only 
female athletes, which limits the generalizability of the findings across genders and different age groups. 
Second, pinch strength was assessed solely through static and isometric tests; no dynamic, time-
dependent, or functional assessments of hand strength were included. Additionally, sensory-motor 
parameters such as proprioceptive sensitivity and force control were not directly measured. 
Assessments that address not only the magnitude of strength but also its quality and contextual 
application may offer stronger predictive value for athletic performance. Finally, due to the cross-
sectional design of the study, causal inferences cannot be made. Future studies involving more diverse 
athletic populations and longitudinal research designs are needed to further explore and validate these 
findings. 

Conclusions and Recommendations 

This study examined the relationships among tip, key, and palmar pinch strength, athlete level, physical 
characteristics, and technical performance in elite female weightlifters. The results showed that national 
team athletes had significantly higher technical performance (snatch and clean & jerk) and greater 
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pinch-strength parameters (especially right-hand key, tip, and palmar pinches) compared with athletes 
in the Olympic Preparation Center (TOHM) program. These findings suggest that higher levels of pinch 
strength may reflect the neuromuscular adaptations associated with advanced training status. 

However, the correlations between pinch strength and technical performance indicators were generally 
weak. This indicates that successful weightlifting performance is shaped not only by grip strength but 
also by technical skill, balance, coordination, and motor control. Additionally, no significant differences 
were found between right- and left-hand strength in either group, supporting the notion that strength 
development may be symmetrical in sports involving bilateral loading, such as weightlifting. 

Future research should include assessments of sensory-motor components such as proprioception and 
force control to provide a more comprehensive understanding of the relationship between grip strength 
and athletic performance. Moreover, studies with larger and more diverse samples—across different 
age and gender groups—will help clarify the specific role of pinch strength in various athletic 
populations. It is also recommended that training programs for elite athletes incorporate specific 
exercises targeting the hand and finger muscles to support functional performance. 

Practical Applications 

The findings of this study suggest that pinch strength, particularly palmar and key pinch strength, may 
serve as a useful indicator of performance levels among elite female weightlifters. Coaches and sports 
professionals are encouraged to include targeted exercises for the hand and finger muscles in training 
programs to improve grip-specific strength. 

Additionally, the observed symmetry in hand strength supports the use of bilateral training strategies in 
sports such as weightlifting that require balanced use of the upper extremities. Regular assessment of 
pinch strength can provide coaches with a practical tool for tracking upper limb readiness and may also 
aid in developing individualized strategies for performance enhancement and injury prevention. 
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