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Hand-grip strength — the
ability to exert force while
grasping an apparatus with
one hand.

Judo - literally means

“the way of gentleness”.
Nowadays is an Olympic
sport involving throwing,
grappling, strangles, and
elbow-joint lock techniques.

B ORIGINAL ARTICLE

Handgrip strength and hand dimensions in high-level
inter-university judoists

Juan M. Cortell-Tormo™e°€ Jose A Perez-Turpin*B®E, Angel G. Lucas-Cuevas?°’E,
Pedro Perez-Soriano?", Salvador Llana-Belloch?®", Maria Jose Martinez-Patino3tt

! Department of general and Specific Didactics, Faculty of Education, University of Alicante, Alicante, Spain
2 Department of Sport and Physical Education, University of Valencia, Valencia, Spain
3 Faculty of Educational Sciences and Sports, University of Vigo, Vigo, Spain

Source of support: Departmental sources
Received: 9 January 2012; Accepted: 17 Dedember 2012; Published online: 21 February 2013

ICID: 883826

Abstract

Handgrip strength plays a major role in many sports. In Judo, a single grasp allows the judoka to attack, defend
and counter-attack through different movements in a span of four to six directions. Some general and hand-specific
anthropometric measurements have been positively related to handgrip strength. Therefore, the aim of this study
was the influence of general and hand anthropometric parameters in handgrip strength and sport achievement.

Fifty four judokas aged 19-25 years participants of the Inter-University Championship of Spain 2009 took part
in this study. Body height and body mass were measured and body mass index was calculated as general anthropo-
metric parameters. Three groups of hand specific parameters were measured: finger spans, finger lengths and hand
perimeters. The handgrip strength was measured by digital dynamometer in both hands.

The general and some hand-specific (finger lengths, hand perimeters) measurements were significantly different
among the weight groups (p<0.05) and positively correlated with handgrip strength for the whole group. However,
only a few measurements — I[FL,MFL,P4,P5 — were positively correlated among weight groups. Poor correlations
were found between hand-specific variables — TL,IFL,MFL,P4 — and sport achievement. Only P3 was highly cor-
related with sport achievement and together with FS1 explained 44.4% of its variance.

The results indicate that the handgrip strength is mostly dependent on the basic (body height) and hand-specif-
ic (IFL, MFL, and P4) anthropometric parameters in judokas. Sport achievement was related to hand perimeter
(P3), but its variability was weakly explained and thus hand-specific measurements may not be good predictors
for judo performance.

hand dynamometry ¢ Judo ¢ handgrip ¢ hand anthropometrics * performance

Juan M. Cortell-Tormo, Department of General and Specific Didactics, Faculty of Education, University of Alicante,
Spain; e-mail: jm.cortell@ua.es

BACKGROUND Strength and endurance are potential predictors of judo

performance [5-7]. Judo athletes require a combina-

Handgrip strength is an important measure in sever-
al sport disciplines [1,2], in fact, many sports require
a sustained level of hand prehensile force to maximize
control and performance [2,3] as well as to reduce the
possibility of injuries [4].

tion of strength and endurance during grip combat to
control the distance between them and their opponent
[8,9]. The ability to rapidly mobilize a strong grip and
pull or push the opponent is a highly valued attribute
in judo athletes [10]. However, Franchini et al. [10] did
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Table 1. Sport achievement by weight category.

Weight category Achievement Frequency Percentage
1-3 2 133
4-6 4 26.7
50-66
7-10 6 40.0
+11 3 20.0
1-3 2 9.5
4-6 6 28.6
67-81
7-10 8 38.1
+11 5 238
1-3 5 278
+81 4-6 6 333
7-10 7 389

not observe significant differences in handgrip strength
when comparing elite and non-elite judo players. On
the other hand, Gutierrez-Sanchez et al. [11] indicat-
ed there is no basis to consider hand-grip strength as
possible predictor of Judo performance.

When handgrip strength is measured with a hand dy-
namometer, the subject produces force with all fingers
(i.e., performs a power grip task). However, different in-
struments and methods are recommended. Most man-
ual grips can be divided into precision and power grips
[4,6]. During the precision grip task, the subjects apply
the tips of the thumb and fingers for the manipulation
of small objects. During the power grip task, subjects
flex all digits in palmar opposition around an object [6].

Dimensional and anatomical features of the human hand,
such as the size and shape, and the texture of the object
also influence grip formation and grip strength [12-14].
In some sport activities, such as rock climbing, the hands
are used as tools because many external forces affect the
fingers during exercising [2]. In sport games like hand-
ball and basketball, both handgrip strength and hand
anthropometry are important for finger control and ac-
curacy in different shots [15].

In judo many forces affect the fingers during gripping
on the judogi, the ability to develop a strong grip and
maintain it during a judo match has become an impor-
tant element for judo athletes [5]. This may work more
efficiently when the fingers and hand surface parame-
ters are longer and when the fingers are stronger (which
likely yields better handgrip strength). Recently, Fallahi
and Jadidian [16] showed that handgrip strength and
some of the hand dimensions may be different in ath-
letes who have handgrip movements with an object or
opponent in comparison to non-athletes. Also, there

was a significant positive correlation between hand-
grip strength and most of the hand dimensions in grip
athletes. In addition, some of the hand dimensions) in
athletes may be good predictors of handgrip strength. It
seems that the differences of these parameters in judo
athletes have not been confirmed yet, and the informa-
tion about these parameters is scarce.

The aim of this study was the influence of hand anthro-
pometric parameters in handgrip strength and sport

achievement.

MATERIAL AND METHODS

Subjects

Fifty four judokas aged 22+2.83 (mean =SD) years par-
ticipants of the Inter-University Championship of Spain
2009 took part in this study. All subjects were healthy;
and none of them was taking any medications at the
time of the study. They did not experience any pain or
disability in their upper extremities.

All subjects and parents were thoroughly informed of the
purposes and content of the study; and written informed
consent was obtained from the subjects and coaches before
participation. The research was undertaken in compliance
with the Helsinki Declaration. Competitors experience was
similar (8.8+3.77 years). The subjects were divided into
weight categories (50-66 kg, N=15; 67-81 kg, N=21;
+81 kg, N=18). The sport achievements were divided
into results categories (1-3; 4-6; 7-10; +11) (Table I).

Measurement of anthropometric parameters

The body height (Martin metal anthropometer) and
body mass (medical electronic scale; A & D Instruments
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WTIW —P1 M
WTMW — P2 I

WIMW —P3
WMRLW — P4

Figure 3. Measured finger perimeters of the dominant
hand.T -tip of thumb; | - tip of index finger; M -
tip of the middle finger; R - tip of the ring finger;
L - tip of the little finger; W — wrist; WTIW - from
the W joint to the tip of T to the tip of | finger and
to the W joint; WTMW - from the W joint to the
tip of T to the tip of M finger and to the W joint;
WIMW - from the W joint to the tip of | finger to
the tip of M finger and to the W joint; WMRLW -
from the W joint to the tip of M finger to the tip
of R finger to the tip of L finger and the W joint;

M WTIMRLW - from the W joint to the tips of all
| fingers and to the W joint.

TIMR—FS5

Figure 1. Measured finger spans of the dominant hand. T
— tip of thumb; | - tip of index finger; M - tip of
the middle finger; R - tip of the ring finger; L -
tip of the little finger; FS 1 - finger span 1; FS 2 -
finger span 2; FS 3 - finger span 3; FS 4 - finger
span 4; FS 5 - finger span 5.

Ltd., Abingdon, UK) of the subjects were measured to
the nearest 0.1 cm and 0.05 kg, respectively. Body mass
index (kg'm™) was calculated. These measurements
were taken in cooperation with the committee of judg-
es (weighing commission).

We measured of specific anthropometric parameters of
the hand according to Visnapuu and Jarimae [15] cri-
teria. The subjects were asked to be seated comfortably
and were instructed to spread and stretch out the domi-
nant hand and place it onto a piece of paper located on
the table. The outline of the hand was drawn on the pa-
per by one examiner for all subjects. The outlines were
drawn with a thin marker that was placed perpendicu-
larly onto the paper. The contour of the hand was drawn
with maximal active voluntary adduction of thumb and

other fingers. The outlines of the dominant hands of the

subjects were used for measuring specific hand anthropo-

Figure 2. Measured finger lengths of the dominant hand.
T - tip of thumb; | - tip of index finger; M - tip
of the middle finger; R - tip of the ring finger;
L - tip of the little finger; W — wrist; TL — thumb
length; IFL - index finger length; MFL - middle with an accuracy of 0.1 cm. The following parameters
finger length; RFL - ring finger length; LFL - little for span of the fingers were measured (Figure 1): from
finger length. the tip of the thumb (T) to the tip of the index (I) fin-

ger (finger span 1 [FS1]); from the tip of T to tip of the

metric parameters. Three groups of parameters were mea-
sured; finger spans, finger lengths, and some perimeters
of the hand. The dimensions of the hand were measured
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Table 2. Mean general parameters (X £SD).

Weight groups (kg)
Variable
50-66 (n=15) 67-81(n=21) +81(n=18)
Age (y) 20.6+2.13** 22428 23.17+2.87
Height (cm) 169.21+4.8%** 176.83+4.8*** 184:£4.65
Body mass (kg) 62.1£2.94%** 74.614.25%%* 94.77+7.92
BMI (kg-m) 21.70+1.29*** 23.87+1.42%** 28.03+2.52
Body span (cm) 172.63+£6.39*** 181.19£5.29%** 186.69+6.63
Training (y) 6.67+4.41 8.02+5.78 6.89+5.06
Competition (y) 8.73+2.86 8.33+4.01 9.39+4.24
Handgrip strength (kg) 44.85+6.63%** 50.12+7.87 54.15%7.16

Differences at p<0.05; * differences 50-66 vs. 67-81; ** differences 50-66 vs. +81; *** differences 67-81 vs. +81.

Table 3. Mean specific hand anthropometric parameters in centimeters (X +SD).

Weight groups (kg)
Variable

50-66 (n=15) 67-81(n=21) +81(n=18)

FS1 10.16+1.37 10.22+0.95 10.84+1.008
FS2 13.79+1.43 14.20+1.09 14.43£1.14
FS3 15.55+1.35 16.12+1.38 16.36+1.37
FS4 17.84+1.54 18.14+1.35 18.44+1.14
FS5 23.64+2.35 2431+1.82 24.61+1.54
L 12.81£0.79*** 13.53+0.71 13.97+0.79
IFL 17.29+0.75%** 18.38+0.78 18.66+0.85
MFL 18.08+£0.66*** 19.26+0.81 19.51+0.79
RFL 17.33£0.69*** 18.16+0.85 18.4+0.77
LFL 15.28+0.70%** 15.97+0.72 15.99+0.69
P1 40.26+2.04** 41.56+3.39%** 43.49+2.09
P2 44.69+1.78%** 46.99+1.94 47.92+2.19
P3 39.77£1.34%%% 42.41£1.74 42.41£1.85
P4 42.31£1.13%** 44.51£1.77 45.03+£1.91
P5 51.61x2.35%%* 53.81+2.19 54.04+3.77

Differences at p<0.05; * differences 50-66 vs. 67-81; ** differences 50-66 vs. +81; *** differences 67-81 vs. +81.

middle (M) finger (finger span 2 [FS2]); from the tip of
T to the tip of the ring (R) finger (finger span 3 [ES3]);
from the tip of T to the tip of the little (L) finger (finger
span 4 [FS4]); and from the tip of T to the tip of each
finger (finger span 5 [FS5]). Finger lengths were mea-
sured between the wrist ([W] proximal starting point at
the hand length measurement) joint and the tip of the
fingers (Figure 2): length from W joint to the tip of T
(thumb length [TL]); length from W joint to the tip of I
finger (index finger length [IFL]), length from W joint to
the tip of M finger (middle finger length [MFL]); length
from W joint to the tip of R finger (ring finger length

[RFL]); and the length from W joint to the tip of L fin-
ger (little finger length [LFL]). The following perimeters
of the hand were measured (Figure 3): from the W joint
(WTIW, P1); from the W joint (WTMW, P2); from the
W joint to the tip of I finger to the tip of M finger and
to the W joint (WIMW, P3); from the W joint to the
tip of M finger to the tip of R finger to the tip of L fin-
ger and to the W joint (WMRLW, P4); from the W joint
to the tips of all fingers and to the W joint (WTIMRLW,
P5). In all subjects the hand anthropometry was repeat-
ed with a 1-hour interval for 2 times to calculate the reli-

ability of measurement (intraclass correlations [ICCs]).
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Table 4. Relationships between handgrip strength and hand-specific anthropometric parameters.

Body mass Body height BMI Handgrip strength
(kg) (em) (kg-m™?) (kg)
Body mass 0.772** 0.914** 0.480**
Body height 0.772%* 0.453** 0.520%*
BMI 0.914** 0.453** 0.356%*
Handgrip strength 0.480%* 0.520** 0.356**
FS1 0.274* 0.242 0.233 0.001
FS2 0.219 0.178 0.197 -0.046
FS3 0.207 0.197 0171 0.001
Fs4 0.125 0.129 0.102 0.009
FS5 0.176 0.146 0.163 0.034
L 0.516** 0.633** 0.329* 0.448%*
IFL 0.540** 0.730%* 0.303* 0.507**
MFL 0.550%* 0.745** 0.309% 0.505**
RFL 0.451%* 0.696** 0.196 0.462**
LFL 0.303* 0.601** 0.050 0.404**
P1 0.446** 0.486** 0.319% 0.145
P2 0.531** 0.633** 0.3571** 0.350%*
P3 0.475%* 0.650** 0.263 0.441%*
P4 0.454** 0.656** 0.236 0.490**
P5 0.301* 0.401** 0.177 0.368**

Pearson’s coefficient of correlation (r) * p<0.05; ** p<0.01.
Measurement of handgrip strength

The maximal handgrip strength of the dominant hand
was measured with a hand dynamometer (GRIP-D TKK
5401, Takei Scientific Instruments CO). Hand domi-
nance was determined by asking the subject which hand
was used to hold a pencil and to throw a ball [17]. The
subjects were standing comfortably with the shoulder
adducted. The dynamometer, which had been previously
adjusted to the size of their hand, was held freely with-
out support; it was not touching the subject’s trunk. The
position of the hand remained constant, with a down-
ward direction. The palm did not flex on the wrist joint.
The subjects were required to exert maximal strength
on the dynamometer (maximal voluntary contraction)
for 5 seconds. All subjects performed 3 trials, and the
best performance was used in both hands.

Statistical analysis

Standard statistical methods were used to calculate mean

and SD. A Fisher’s least significant differences test was

used to determine the differences between weight groups.
Pearson correlation coefficients were used to determine
the relationships between independent variables. As
handgrip strength highly correlated with body mass, the
partial correlation analyses were used to calculate the
relationships between handgrip strength and hand an-
thropometrical parameters where body mass was elimi-
nated. The effects of general body and specific hand an-
thropometric parameters (finger spans, finger lengths,
and perimeters) on the handgrip strength and on sport
achievements were analyzed using stepwise multiple
regression analysis. Reliability of hand anthropometri-
cal parameters was assessed using 2-way average-mea-
sures ICCs, based on a subset of ten 50-66 kg, ten 67—
81, and ten +81 judoists. For all tests, the significance
level was set at p<0.05. The analyses were done using
SPSS 15.0 (SPSS Inc. Chicago, IL).

RESULTS

In Tables 2 and 3, the mean general body; experience in-
formation, and specific hand anthropometric parameters
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Table 5. Relationships between handgrip strength and hand-specific anthropometric parameters.

Handgrip strength of the dominant hand

Variable
50-66 kg (n=15) 67-81kg (n=21) +81kg (n=18)
FS1 -0.031 -0.133 -0.217
FS2 0.061 -0.258 -0.264
FS3 0.141 -0.298 -0.085
FS4 0.165 -0.372 0.109
FS5 0.036 -0.351 0.231
L 0.187 0.395 0.217
IFL 0.113 0.496* 0.331
MFL 0.073 0.456* 0.353
RFL 0.142 0.390 0.329
LFL 0.314 0.379 0.157
P1 0.093 -0.200 0.096
P2 0.158 0.189 0.069
P3 0.233 0.340 0.252
P4 0.241 0.191 0.554*
P5 0.216 -0.039 0.540*

Pearson'’s coefficient of correlation (r) * p<0.05.

are presented. Body height, BMI, body span, and body
mass had increased significantly by the weight groups.

Weight groups showed no significant differences in fin-
ger span parameters. All finger lengths increased signif-
icantly at the weight groups of 67-81 and +81, com-
pared with 50-66 (p<0.05). There were significant
differences in all hand parameters (P1-P5) of weight
groups at the weight of 67-81 and +81 compared with
50-66, and in perimeter P1 at the weight group 67-81
compared to the weight group of +81 (p<0.05). The re-
liability of the hand anthropometrical parameters (fin-
ger spans, finger lengths, and perimeters) in both groups
was very high (r>0.90).

Table 2 presents the mean handgrip strength measures
for the dominant hand with the advancement of weight.
From the total of 54 participants studied, the right hand
was dominant for 100%. There were significant differenc-
es in maximal handgrip strength at the weight group of
50-66 kg compared with that observed in other weight
groups (p<0.05).

There were significant relationships between maximal
handgrip strength of the dominant hand and gener-
al anthropometric variables (r=0.35-0.52) in all sub-
jects (Table 4), but this was not the case with specific
hand dimensions.

However, by weight categories, maximal handgrip
strength of the dominant hand was not significant
with regard to 50-66 kg, and in the case of the 67-81
and +81 kg, the relationship was lower but significant
in IFL, MFL and P4, P5 respectively (Table 5).

The relationship between sport achievement and hand
anthropometric parameters was not significant with re-
gard to 50-66 and 67-81 weight categories, but in the
case of the +81, the relationship was low but signifi-
cant in TL, r=0.525; IFL, r=0.522; MFL, r=0.479; P4,
r=0.470 and highly significant in P3, r=0.602.

The results of the stepwise multiple regression analysis
from the hand anthropometric parameters (independent
parameters were all measured finger spans, finger lengths,
or perimeters separately), handgrip strength was depen-
dent on IFL and P1 (33.5%, R?x100) in 67-81 kg and
in +81 kg from P4 (26.4%); sport achievement was de-
pendent on P3 and FS1 (44.4%) in +81 kg.

DISCUSSION

In many sports, the characteristics of the hand are of ma-
jor importance. In sports involving grasping an object such
as basketball and handball, players with bigger hands and
longer fingers have better accuracy of the shot [16]. In oth-
er grip sports like rock climbing, wrestling or judo, hand
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strength plays a major role [3,18] and hand morphology
has been proposed as one of its main contributors [15].

In the judo combat, there are constant dynamic chang-
es and strength, coordination and aerobic-anaerobic en-
durance are crucial abilities for judo performance [6].
Grapping first the opponent means taking the initiative,
since this technical action allows the judoka to attack, de-
fend and counter-attack. During the grip contest (when
both athletes have grasped each other’s judogui), move-
ments can be done in a span of four to six directions
with a single grasp, indicating the importance and rele-
vance of the grip phase of the combat to the final out-
come. This explains why the dispute for grip comprises
the largest portion of the match (about 50%), far lon-
ger than breaks (20%), groundwork (20%), preparation
(10%) and technique execution (5%) [19]. Furthermore,
expert judokas considerably spend more time in grip con-
test (trying to grip the opponent without being gripped)
and less time actually gripping compared to beginners
and intermediate level judokas [9], highlighting hand
grip ability as a key performance indicator to take into
account when aiming to improve judo’s performance.

Both general anthropometric (body weight, body height,
body mass index) and hand measurements (finger spans,
finger lengths, hand perimeters) have been related to hand-
grip strength [13,16,20-30], although the results are not
conclusive. In our study; all three general anthropometric
measurements were positively correlated (r=0.35-0.42)
with handgrip strength, being body height the best cor-
related variable. Jirimée et al. [25] also found that body
height was the most important general anthropometric
measurement, which was able to explain up to 76.1% of
the handgrip strength in prepubertal children. Furthermore,
Luna-Heredia et al. [22], stated that body height has a
very good correlation with handgrip strength because it
is the factor more closely related to lean body mass, and
Serrano et al. [23] indicates that greater body height im-
plies the development of long bones such as the ulna and
radius, lengthening the arm muscle fibres and thus devel-
oping new contractile units between the tendon and the
muscle, facilitating the grip strength gain as a consequence.

Participants in this study were divided into different
weight categories because Judo is a weight-classified sport
and significant differences in handgrip strength have
been found among weight categories [11]. Therefore,
it was interesting to find out whether these differenc-
es also existed in the general and hand anthropometric
measurements of the judokas.

In the present study, maximal handgrip strength was sig-
nificantly different only in the 50-66 kg weight group,
accompanied by significant differences in all finger

Cortell-Tormo J.M. et al. - Handgrip strength and hand dimensions...

lengths -TL, IFL, MFL, RFL, LFL — and hand perime-
ters — P1, P2, P3, P4, P5 — for the very same group. It
is noteworthy that all finger lengths and hand perime-
ters were significantly different only in the group that
showed different maximal handgrip strength. Fallahi and
Jadidian [16] also found significant differences in finger
lengths and hand perimeters between handgrip-related
athletes and non-athletes, which indicates that these vari-
ables may have a positive effect on handgrip strength.

All finger lengths and hand perimeters but P1 posi-
tively correlated with handgrip strength for the whole
group, but the best correlations between hand specific
parameters and handgrip strength were IFL, MFL and
P4. These results are in agreement with other studies,
such as Jirimée et al. [25], who found that the most im-
portant hand specific variables that influence handgrip
strength in prepubertal children were MFL and P4 as
well. They concluded that MFL was very similar to the
midstylion-dactylion length that was selected as their
best variable characterising handgrip strength among the
hand length measurements, and MFL is included in the
measurement of P4, thus both are related and seem to
play a major role in handgrip strength.

Similarly, Fallahi and Jadidian [16] found that FS5
and P5 in athletes, P4 in non-athletes and IFL in both
groups were the best predictors for handgrip strength.
However, in our study, no finger span had a significant
correlation with handgrip strength. Although Jirimae
et al. [25] found FS4 as a relevant variable correlated
to handgrip strength, they concluded that its influence
was relatively low compared with length and perim-
eter variables. Also, Visnapuu and Jtrimae [15] sug-
gested that the effect of finger length and perimeters
on handgrip strength is more than that of finger spans
so that finger spans have a small influence on handgrip
strength. In the same line, Nevill and Holder [31] stat-
ed that the larger the size of the hand the greater the
handgrip strength and Nicolay and Walker [20] indi-
cated that forearm and hand measurements (wrist cir-
cumference, palm width and palm length) serve as bet-
ter predictors of grip strength than the more commonly
recorded quantities of height and weight and pointed
palm width as the univariate measurement most tight-
ly associated with maximum voluntary force. Finally,
Hager-Ross and Rosblad [30] found a strong correlation
between hand length and peak grip strength in children
aged 4-16 years. These studies tend to indicate that
there is a relationship between hand anthropometrics
and grip strength, although no conclusive agreement of
the precise role of the aforementioned variables exists.

Regarding sport achievement, no relationship was found
between the hand measurements and sport achievement
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for the 50-66 kg and 67-81 kg, and only a few hand-
specific measurements for the +81kg weight group were
significantly low -TL, IFL, MFL, P4 - and high - P3
— correlated. The best prediction of sport achievement
variance was 44.4%, characterized by FS1 and P3. In a
previous study carried out by Gutierrez-Sanchez et al.
[11], no relationship was found between grip strength
and Judo performance in boys in the different weight
groups either, although they found significant differenc-
es in their female judokas. These results suggest that
hand characteristics (anthropometry and strength) may
not be good predictors of sport achievement in Judo.

CONCLUSIONS

The main conclusion of our study is that the handgrip
strength is mostly dependent on the basic (body height)
and hand-specific (IFL, MFL, and P4) anthropometric

because athletes with specific hand dimensions may have
biomechanical advantages regarding handgrip strength
and this information can be valuable for coaching and
talent identification in Judo.

Sport achievement was related to hand perimeter (P3),
but its variability was weakly explained and thus hand-
specific measurements may not be good predictors for
judo performance. In summary, this study provides
more evidence of the influence of some general and
hand-specific variables on handgrip strength and per-
formance in Judo, although the precise role these an-
thropometric variables play has not yet been conclu-
sively determined.
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