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Abstract

The purpose of the study was to examine interlimb maximal handgrip strength asymmetry and wrist circumference
asymmetry in amateur boxing across three weight classes and two different stances.

Materials and methods. The study sample comprised 12 (flyweight: 4; bantamweight: 4; featherweight: 4) amateur
elite international boxers of India. Both limbs were tested for maximal handgrip strength and wrist circumference.
For both tests, interlimb asymmetry was calculated using the interlimb asymmetry equation validated by Bishop et
al. (2018). One-way ANOVA was used to compare asymmetries in three different weight classes, and an independent
samples t-test was used to compare asymmetries in two different boxing stances.

Results. The average wrist circumference asymmetry in different weight classes was 2.85+1.97 for flyweight,
1.2940.75 for bantamweight, and 2.44+1.23 for featherweight, whereas the average maximal handgrip strength
asymmetry was 4.91+3.75 for flyweight, 7.69+1.89 for bantamweight, and 5.80+2.89 for featherweight. Non-
significant differences in interlimb asymmetry for wrist circumference and maximal handgrip strength in three
different weight classes and two different stances were obtained (p > 0.05).

Conclusions. The maximal handgrip strength asymmetry and wrist circumference asymmetry in elite international
boxers were found to be less than 10 percent and observed non-significant differences in weight classes as well as
stances indicate elite amateur international boxers to be less prone to interlimb asymmetry-related injuries and have

favourable conditions for high performance.
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Introduction

Boxing is one of the oldest combat sports in human
history and is historically referred to as the “noble art” and
pugilism. The International Boxing Association has stated
that the first proof of this was found in Egypt around 3000
B.C. Boxing probably started in Ethiopia around 6000 B.C.,
and in 688 B.C., at the first Olympic Games, boxing made its
historical debut as an Olympic sport (Chaabéne et al., 2014).
In order to be successful in boxing, a person must possess a
wide range of skills, knowledge, and traits that can be mea-
sured, analyzed, and ultimately improved through the use of
the right tools and techniques throughout their athletic ca-
reer (Kapo et al., 2021). Boxers choose between the orthodox
or southpaw stance. The term “orthodox stance” describes
how the boxer should stand, with the left foot and hand
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forward and the right foot and hand back. The term “south-
paw;” which comes naturally to left-handers, describes hav-
ing one’s right foot and right hand in the front (Sorokowski
et al,, 2014). What we call the difference between one limb
in relation to the other is known as inter-limb asymmetry
(also known as bilateral asymmetry or bilateral difference)
(Bishop et al., 2018). Oktem et al. (2017) has determined a
highly positive correlation between hand grip strength and
upper extremity parameters. Specific sports practice also
affects the morphological differences of the body sides. Ad-
ditionally, participating in sports activities that primarily use
one side of the body results in asymmetrical changes to some
tissues, and martial arts may be an example of a discipline
in which one side of the body is emphasized over the other
(Burdukiewicz et al., 2020a). The most popular way to evalu-
ate the strength of the muscles in the upper extremities is
by measuring hand grip strength, which also serves as a key
performance indicator for athletes (Fry et al.,, n.d.). Using
magnetic resonance imaging, Ducher et al. (2005) and Daly
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et al. (2004) have determined in tennis players that the ra-
dius, ulna and humerus have a larger diameter compared to
the non-dominant upper limb, in the dominant upper limb.
Simenko et al. (2017) determined significant differences be-
tween right and left body pairs in -73 kg youth judo players.
Krzykata and Leszczynski (2015) uncovered a significant
increase in muscle mass and bone mineral density on the left
side of the bodies of both male and female professional field
hockey players. Guidetti et al. (2002) has established that the
isometric muscle contraction, especially that of the upper
limb (i.e., the dominant arm), is closely associated with box-
ing competition ranking. The boxer’s hand-grip isometric
strength is a significant physical fitness indicator. Indian Na-
tional Boxers’ morphological, physiological, and biochemi-
cal characteristics between Senior and Junior levels (Khanna
& Manna, 2006). Hand-grip strength performance of the
main hand correlates with both the power of the straight and
the side blow (Chaabéne et al., 2015). Sporrong et al. (1996)
and Guidetti et al. (2002) suggested that hand-grip strength
is one of the most important medical control indicators in
boxing training. The performance of left and right hand-grip
isometric strength by weight category was examined, and
it was found that there is a substantial difference between
the lightweight, middleweight, and heavyweight categories
(Ramirez-Garcia et al., 2010). However, scientific literature
related to interlimb grip strength and wrist circumference
asymmetry in elite international boxers is scarce. During
an amateur boxing bout, a pugilist executes combination
of punches from dominant as well as non-dominant hand.
Therefore, reduction in interlimb asymmetry may be an in-
fluential factor to determine outcome of a bout as well as
prevention of injuries during the course of a bout. By iden-
tifying any significant differences in handgrip strength and
wrist circumference between the dominant and non-dom-
inant limbs, coaches can customise exercises and routines
to promote symmetrical development, potentially reducing
the risk of injuries and optimising sports performance. The
investigation of elite boxers’ handgrip strength and wrist
circumference asymmetry can contribute to the develop-
ment of injury prevention strategies and could aid in talent
identification and selection process. The research may shed
light on the biomechanical aspects of boxing as well as the
possible effects of specific stances on handgrip strength and
wrist circumference. Understanding these biomechanical
differences can aid in the refinement of boxing techniques,
the optimisation of movement patterns, and the improve-
ment of boxing performance as a whole. The findings of
study may serve as a basis for comparing interlimb asym-
metry in athletes from other combat sports or even athletes
from other sports to differentiate the asymmetry patterns in
boxing.

The aim of this study was to compare the wrist
circumference asymmetry and interlimb hand grip strength
asymmetry in three different weight classes and two different
stances. On the basis of findings of previous studies, we
hypothesized that there would be no significant difference
in wrist circumference asymmetry and interlimb hand grip
strength asymmetry in three different weight classes and
two different stances. However, interlimb handgrip strength
asymmetry and wrist circumference asymmetry would be
less than 10 percentage in all the three-weight classes and
two different stances.

Materials and Methods

Experimental Approach to the Problem

Indian elite international male boxers were the focus
of this descriptive cross-sectional study. Anthropometric
profiles were established, and interlimb asymmetry for
hand grip strength and wrist circumference was compared
among three different weight classes: flyweight (48-
51 kg), bantamweight (51-54 kg), and featherweight (54-
57 kg) (International Boxing Association, 2023). The
National Boxing Training Center, situated in the Netaji
Subhash National Institute of Sports in Patiala, served as the
testing site. All athletes didn’t need any special introductions
or familiarisation since they had already taken part in
the ensuing tests. Prior to their regular morning boxing
training, the athletes underwent anthropometric and hand
grip strength evaluations by an ISAK level 1 anthropometrist
who was also a national boxing coach.

Study participants

Twelve (7 southpaw + 5 orthodox) of the best male box-
ers in India from three different weight classes (flyweight
(48-51 kg), bantamweight (51-54 kg), and featherweight
(54-57 kg)) were chosen for the study. Data from all avail-
able boxers in specified weight classes in national camp was
collected and limited resources were the key factor in de-
termining the size of the sample the researchers were able
to gather. The participants were international boxers from
India who were also a part of either the Olympic Games, the
World Championships medal winners, the Commonwealth
Games medal winners, the Asian Championship medal win-
ners, or the Senior National Champions. After the goals and
steps of the experiment were explained to each participant,
they all signed an informed consent form. The Lakshmibai
National Institute of Physical Education in Gwalior’s Ethics
Review Committee gave its approval for this study, which
was carried out in compliance with the Helsinki Declaration.
During the time leading up to the Asian Boxing Champion-
ship, the assessment was done. A survey was used to find out
the participants’ birth dates, their preferred boxing stances
(Southpaw or Orthodox), and any injuries they might have
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Fig. 1. Cross sectional design of the study
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had in the past six months. None of the athletes have re-
ported any injuries.

Procedure of data collection

Anthropometrics:

Height was measured using a stadiometer and the
standard ISAK procedure for stretch stature to reduce the
effect of diurnal variations. The subjects were instructed
to stand with their feet together and their heels, buttocks,
and upper back touching the scale. The measurer placed
the hands along the jaw of the subject and gently lifted the
subject’s head upward through the mastoid processes. The
recorder tightly compressed the hair and made sure that
the head remained in the Frankfort plane and that the feet
did not leave the ground. At the end of a deep inspiratory
manoeuvre, the measurement was made (Norton, 2018).
An electronic weighing scale made for professional boxers
(Ohaus SD200L Boxing Scale) was used to measure body
mass. The subjects were directed to put on the bare essentials
of clothing, verify the zero, and then position themselves at
the centre of the scale with their weight evenly distributed
on both feet, heads held up, and eyes fixed forward. The
wrist circumference was measured as the minimal girth
distal to the radial styloid process. Non-elastic tape was
used to measure the circumference of both wrists (left and
right). The subject sat back with his non measuring arm at
his side in a comfortable state. The measuring forearm was
supinated, the hand was relaxed, and the elbow was slightly
extended. It was necessary to manipulate the tape measure to
get the minimal girth without compressing the tissues with
too much tape tension. The measurement was recorded to
the nearest 0.1 cm (Rogowski et al., 2008).

Maximal Handgrip Strength Test

The Takei T.K.K.5401 GRIP-D handgrip dynamometer
(Takei Scientific Instruments Co., Ltd., Tokyo, Japan) was
used forall data collection to measure the maximumisometric
handgrip strength of the dominant and non-dominant hand
(Gatt et al., 2018). Prior to the test, the athletes performed
a warm-up consisting of two sets of five submaximal grip
strength exercises. The participants were told to do the test
for 5 seconds while standing with their elbows fully extended
and their shoulders bent 90 degrees (Bonitch-Géngora et
al., 2012). The interval between attempts was between 30
and 60 seconds. For further analysis, the average of three
handgrip strength attempts was used.

Wrist Circumference Measurement

The cescorf anthropometric tape with 2 meter range
and 6 millimeter width was used. The subject assumesd
a relaxed pose, with the left arm hanging at the body’s
side. The right elbow was slightly extended, the forearm
was supinated, and the hand was relaxed. The measurer
stood infront of the subject. It was necessary to use the tape
measure to ensure that the minimum circumference was
reached, and the tissues were not compressed by excessive
tape tension. The measurement was recored in centimeter
(Norton, 2018).

Fig. 2. Cescorf
anthropometric tape

Fig. 3. Takei T.K.K.5401
GRIP-D handgrip

dynamometer

Interlimb Asymmetry

Interlimb asymmetry was calculated using the equation
validated by Bishop et al. (2018)

Interlimb asymmetry = (Max (left or right) — Min (left
or right)) + Max (left or right) x 100

Statistical Analysis

Analyses were conducted using jamovi version 2.3
(2022). Shapiro Wilk normality test was run which indicated
no evidence of non-normality in the data set for wrist
circumference asymmetry (W=0.97, p=0.91) and maximal
hand grip strength asymmetry (W= 0.89, p=0.12). In case of
homogeneity of variances, Levene’s test indicated variances
of all the groups to be equal (p=0.27) for wrist circumference
asymmetry. However, variances of the all the groups
were unequal for maximal handgrip strength asymmetry
(p=0.02). Therefore, ANOVA (Fisher’s) test was carried out
for wrist circumference asymmetry and Welch’s test was
used for maximal handgrip strength asymmetry. For WC_A
and MHGS_A comparison between orthodox and southpaw
stance independent t test was employed after verification of
normality and homogeneity of the data.

Results

The values of mean, standard deviation and standard er-
ror of mean are reported in Table 1. The mean and standard
deviation values reported by the researchers for wrist circum-
ference asymmetry in different weight classes was (flyweight:
2.85£1.97; bantamweight: 1.29+0.75; and featherweight:
2.44+1.23), whereas for maximal handgrip strength asym-
metry was (flyweight: 4.91+3.75; bantamweight: 7.69+1.89;
featherweight: 5.80+2.89). The mean and SD values for
wrist circumference asymmetry in different stances was
(orthodox: 2.39+£0.96; and southpaw: 2.05+1.78), whereas
for maximal handgrip strength asymmetry was (orthodox:
6.92+3.00 and southpaw: 5.57+2.97).

Fisher’s one-way ANOVA was used to compare the
difference in interlimb wrist circumference asymmetry
(WC_A) in three different weight classes. The researchers
found that there was no significant difference between
flyweight, bantamweight, and featherweight boxers in terms
of WC_A; (F(,9)=1.32, p=0.315). Welch’s one-way ANOVA
was used to compare the maximal handgrip strength
asymmetry (MHGS_A) of boxers in three different weight
classes and insignificant difference was obtained; F, 555 =
1.05, p = 0.410. From Table 2, it is evident that the t value
for WC_A obtained was 0.39, and its associated p value
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Table 1. Descriptive Statistics for wrist circumference asymmetry and maximal handgrip strength asymmetry in different

stances and weight classes

Variable(s) Stance Weight Class N Mean SD SE
WC_A Flyweight 4 2.85 1.98 0.98
Bantamweight 4 1.29 0.76 0.37

Featherweight 4 2.44 1.23 0.61

Orthodox 5 2.39 0.96 0.43

Southpaw 7 2.05 1.78 0.67

MHGS_A Flyweight 4 491 3.75 1.87
Bantamweight 4 7.69 1.89 0.94

Featherweight 4 5.80 2.89 1.44

Orthodox 5 6.92 3.00 1.34

Southpaw 7 5.57 2.97 1.12

Table 2. One way ANOVA for wrist circumference asymmetry and maximal handgrip strength asymmetry in three

different weight classes and two different stances in boxing

Statistical technique Variable t F MD SED df dfl df2 P
Fisher's ANOVA WC_A 1.32 2 9 0.32
Welch’s ANOVA MHGS_A 1.05 2 5.55 0.41
Independent t test WC_A 0.39 0.35 0.88 10 0.71
MHGS_A 0.77 1.35 1.75 10 0.46

Note. Hat [ orhodx # [ southpaw- Abbreviations: WC_A- wrist circumference asymmetry; MHGS_A- maximal handgrip strength asymmetry;

MD- mean difference; SED- standard error difference
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Fig. 4. Mean and median of different weight classes and stances
(O: Orthodox; S: Southpaw) for wrist circumference asymmetry
(WC_A) and maximal handgrip strength asymmetry (MHGS_A)
in elite amateur international boxers.

was 0.71. Since the p value was greater than 0.05, it may be
concluded that the null hypothesis was not rejected at the 5%
level. Hence, it may be inferred that there was no significant
difference between orthodox and southpaw boxers in wrist
circumference asymmetry. In the case of MHGS_A, the t
value was 0.77 and the corresponding p value was 0.46. Since

the p value was higher than 0.05, there were no statistically
significant difference between the two boxing stances in
MHGS_A as well.

Discussion

The aim of the study was to compare the interlimb wrist
circumference asymmetry and hand grip strength asymmetry
in three different weight classes and two different stances in
boxing. Results revealed no significant difference in physical
attributes (WC_A and MHGS_A) in three different weight
classes (flyweight, bantamweight, and featherweight) as
well as two different stances (Orthodox and southpaw) in
boxing. Different weight classes and stances of boxers may
have training adaptations that produce similar asymmetries
in wrist size and handgrip strength. Previous studies have
demonstrated that regardless of weight class or stance, boxers’
handgrip strength significantly increases with training
(Ramirez-Garciaetal., 2010). Cronin et al. (2017) and Guidetti
et al. (2002) have mentioned a strong positive relationship
between handgrip strength and boxing competition ranking.
India is ranked third in the latest AIBA world rankings (IBA,
2023) and indian boxers, regardless of their weight classes, are
precisely adjusted in terms of physical qualities.

However, mean values for WC_A and MHGS_A were
less than 10 percentage in all three weight classes as well
as both stances. Previous studies have reported maximal
handgrip strength asymmetry of less than 10 percentage
in Turkish athletes (Ziyagil et al., 2015), bodybuilders and
martial artists (Burdukiewicz et al., 2020b). Asymmetry less
than 10 percentage isan indicator of readiness for trainingand
being less prone to injuries (Kyritsis et al., 2016; Rohman et
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al., 2015). Inter-limb asymmetries higher than 15 percentage
have been linked to higher injury rates in athletes and non-
athletes (Grindem et al., 2011; Impellizzeri et al., 2007;
Barber et al., 1990). The findings of previous studies were in
line with the current study, wrist circumference asymmetry
reported by Rogowski et al. (2016) was less than 3 percentage
whereas Kannus et al. (1995) reported less than 5 percentage
bilateral differences in wrist girth.

Our study demonstrates that stance is not a predictor
of asymmetries and when boxers are performing at their
highest level, asymmetries do not differ between lighter
weight classes. While the present study provides novel
insights into interlimb asymmetry, it is equally important
to acknowledge the study’s limitations. Due to possible
differences in fitness level, gender, and playing level, the
results cannot be extrapolated to female boxers or boxers
competing at lower levels. Second, the study lacked useful
lower limb asymmetry parameters, precluding definitive
lower limb asymmetry details for international boxers.
However, future research on this subject should include the
middleweight and heavyweight divisions, female boxers, and
lower limb asymmetry parameters at various playing levels.

Conclusion

In conclusion, the results of this study indicate that there
were no significant differences in wrist circumference asym-
metry (WC_A) and maximal handgrip strength asymmetry
(MHGS_A) between orthodox and southpaw stances among
elite international male boxers. These findings contribute to
our comprehension of interlimb asymmetry in boxers and
may be useful for optimising the training and performance of
boxers. The maximal handgrip strength asymmetry and wrist
circumference asymmetry in elite international boxers were
found to be less than 10 percent, and observed non-significant
differences in weight classes as well as stances indicate elite
amateur international boxers to be less prone to inter-limb
asymmetry-related injuries and have favourable conditions for
high performance. MHGS_A & WC_A does not depend on
boxing stance in elite amateur international boxers. However,
additional research is encouraged to investigate other factors
that may influence asymmetry in handgrip strength and wrist
circumference among boxers and other athletes.
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ACUMETPIA KIHLIBOK 3A MOKA3HUKAMU MAKCUMAJIbHOI
CUNN CTUCKAHHA PYK TA OBXBATY 3AM'ACTKA B ENITHUX
BOKCEPIB-HOJ1OBIKIB MI2KHAPOAHOI'O KJ1IACY

Canpen Kymap'A2<PE, JxyBengpa Cinrx PagpxmyT'ABCPE

"Hanionanbumit iHCTUTYT (hisdHOro BuxoBaHHA iMeHi Jlakummi baii

ABTOpPCHKMIT BT A — Am3aitH gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykormucy; E — 36ip komTis

Pedepar. Crarra: 7 c., 2 Tab1., 4 puc., 30 mreper.

MerTor0 moCHimKeHHs OyI0 BUBYEHHs acuMeTpil MaKCUMaIbHOI CHIM CTUCKAHHs PYKM MDK KiHI[iBKaMy Ta acuMeTpii 00-
XBaTy 3aIl’ ICTKA B JIOOUTETbCbKOMY OOKCi B TPOX BaroBMX KaTeropiAx i ABOX Pi3HUX CTilfKax.

Marepianu Ta Mmerogu. Bubipka gocmimkeHHst cknaganacs 3 12 (Haiuteriia Bara: 4; jerka Bara: 4; HamiBierka Bara: 4) ejir-
HVX MDKHapOgHMX 60KcepiB-mobureniB 3 Iupil. O6maBi KiHI[iBKYM TeCTyBamu Ha MAKCUMA/IBHY CITy CTUCKAHHSI PYKI Ta 06XBaT
3amrAcTKa. I 060X TecTiB acuMeTpilo MK KiHI[iBKaMy pO3paxoByBa/IM 3a JOIIOMOTOI0 PiBHAHHA acMMeTpil MX KiHI[iBKaMu,
BaJTi{HICTD SIKOTO MifTBEpIXeHa B gocmimKeHHi Bishop et al. (2018). [l mOpiBHAHHS acMMeTpiil y TPbOX Pi3HMX BaroBUX Ka-
TEropisiXx BUKOPUCTOBYBAIM OFHO(PAKTOPHMII AUCIEPCITHNIT aHAaIi3, a /I TIOPIBHAHHA aCUMETPIil y BOX Pi3HUX OOKCEPCHKIUX
CTiliKaX BUKOPUCTOBYBa/M t-KpuTepiit CTbIOfeHTa /I He3aIeKHMX BUOIPOK.

Pesynbratu. CepefiHs acMeTpis 00XBaTy 3aIl sICTKA B PI3HMX BarOBUX KaTeropisax craHoBumIa 2,85+1,97 [ Halleriuoi Bary,
1,29+0,75 pnsa merkoi Barm Ta 2,44+1,23 1714 HaIliBJIETKOI Bary, TOAL AK CEPENHS aCUMETPisd MaKCMMAa/IbHOL CU/IM CTUCKAaHHA PYKI
craHoBua 4,91+3,75 i Haiinermoi Bary, 7,69+1,89 o nerkoi Baru Ta 5,80+2,89 my1a Haniserkoi Baru. bynn opeprxaHi He3Ha-
qymii BifMIiHHOCTI B acuMeTpii MiX KiHIIiBKaMy JJIsI TOKa3HUKIB 0OXBATy 3aIl’ ICTKA Ta MaKCUMAJIbHOI CH/IM CTUCKAHHS PYKM B
TPbOX PiSHMX BaroBMX KaTeTOpisx i BOX pisHuX criiikax (p > 0,05).

BucHOBKM. AcuMeTpisi MaKCMMa/IbHOI CHIM CTUCKAHHS PYKM Ta acHMeTpis 00XBaTy 3aIlsICTKa B €THUX MDKHApPOJHMX
OokcepiB BUABMIACSA MEHINOK 3a 10 BificOTKIB, a ClIOCTepeXKyBaHi He3Hau YL BiIMIHHOCT] y BarOBUX KaTeropisix, a TAKOX Y CTiil-
KaX BKa3yloTb Ha Te, 1[0 e/TiTHI MbKHapoHi 60Kcepu-mo6uUTeNi MeHIlle CXWIbHI 0 TPaBM, ITOB A3aHMX 3 ACUMETPI€I0 KiHIIiBOK, i
MalOTh CIIPUATINBI YMOBM JI/I1 BUCOKOI Pe3y/IbTaTMBHOCTI.

KirouoBi cmoBa: Hajierira Bara, jierka Bara, HalliBjierka Bara, 6oKcep-JiiBlira, 60kcep-Ipasiia, Hoxc.
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