
Acute and Chronic Effects of Exercise in Health

Wrist muscle function, pain level and performance in cheerleaders
with and without wrist pain: clinical relevance and statistical

significance

Cristiano Carvalho1,2,3 , Beatriz Cardinal Prando1 , Marina Petrella1 ,
Giovanna Camparis Lessi4 , Paula Regina Mendes da Silva Serrão1

1Universidade Federal de São Carlos, Departamento de Fisioterapia, São Carlos, SP, Brazil;
2Universidade Federal de São Paulo, Departamento de Biociências, Santos, SP, Brazil;

3Universidade Estadual da Paraíba, Departamento de Fisioterapia, Campina Grande, PB,
Brazil; 4Afya Centro Universitário UNIMA, Maceió, AL, Brazil.

Associate Editor:Fábio F.B. Carvalho , Instituto Nacional de Câncer José Alencar Gomes
da Silva, Rio de Janeiro, RJ, Brazil. E-mail: fabiofbcarvalho@gmail.com.

Abstract - Objectives: To compare wrist muscle strength, grip strength and electrical activity of the flexor
digitorum superficialis (FDS), flexor carpi ulnaris (FCU) and extensor carpi ulnaris muscles between cheerlea-
ders with and without wrist pain as well as investigate pain and compromised performance regarding the sport
and activities of daily living (ADLs). Methods: This is cross-sectional study evaluated wrist and hand muscle
capacity using an isokinetic dynamometer and handgrip dynamometer. Electrical muscle activity was captured
during the strength evaluations. Pain at rest, post-training pain and impaired physical function during the sport
and ADLs were evaluated using a scale and questionnaire. Results: Twenty-two cheerleaders participated in the
study (11 with pain - symptomatic group [SG] and 11 without pain - control group [CG]). Statistically significant
and clinically relevant differences between groups were found regarding total work during wrist extension in the
concentric mode activity (CG: 13.5 ± 21.2 vs SG 6.6 ± 2.3; p = 0.05), activation of the FDS (CG: 57.0 ± 30.9 vs
SG 31.8 ± 10.8; p = 0.03) and FCU (CG: 48.0 ± 18.5 vs SG 30.7 ± 16.8; p = 0.03) muscles during isokinetic
evaluation of concentric peak torque of wrist flexion, activation of the FDS (CG: 121.5 ± 55.3 vs SG 65.3 ±
19.7; p = 0.005) and FCU (CG: 94.0 ± 35.9 vs SG 63.0 ± 32.4; p = 0.046) muscles during isokinetic evaluation
of concentric total work of wrist flexion, pain intensity at rest (CG: 0 [0] vs SG 0.5 [2.0];p = 0.006) and after
training (CG: 0 [0] vs SG 6.3 [2.5];p < 0.001) and degree of impairment regarding sport (CG: 8.2 ± 6.4 vs SG
16.3 ± 8.5; p = 0.02) and ADLs (CG: 14.8 ± 1.8 vs SG 46.0 ± 16.8; p < 0.001). Cheerleaders with wrist pain
exhibited greater impairments. Conclusion: Cheerleaders with wrist pain exhibit compromised muscle func-
tion of the wrist and hand as well as upper limb impairment during the practice of the sport and the performance
of activities of daily living.
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Introduction

Cheerleading has existed for more than a century, and
its main purpose is to lead people to cheer for sports
teams1-3. This activity has gradually transformed into a
legitimate sport involving dance movements, acro-
batics, complex gymnastic maneuvers and stunts per-
formed as a group4. The three main cheerleading
positions for the formation of a stunt are the base, flyer
and spotter5. The execution of stunts can place con-
siderable load on some joints and can cause injuries6.

In an epidemiological study, Shields & Smith7

found that the majority of upper limb injuries in cheer-
leaders occur in the wrists and hands. The most com-

mon injuries are pulled muscles, sprains, abrasions,
contusions, bruises and dislocations due to the move-
ments of holding the flyer during the dismounting of
the stunt, failure to complete the maneuver, during the
lifting of the flyer, when tossing the flyer into the air or
during the occurrence of a fall5,6,8. Data from a pre-
valence study addressing injuries in cheerleaders in
Brazil reveal that the upper limb is the most affected,
corresponding to 41% of injuries, with the wrist corre-
sponding to 14.8%9.

According to Gaston and Loeffler10, the practice
of competitive sports and athletic training on the ama-
teur level place the hands and wrists at risk of injury,
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with up to 25% of all athletic injuries affecting these
segments (fractures of the bones of the hand and wrist
and dislocations). The authors also state that the high
impact, repetitive strain, axial load and rotational for-
ces in gymnasts and cheerleaders result in a variety of
wrist and hand injuries10. Nonspecific pain in the wrist
is also commonly found in these athletes. In cheerlea-
ders, especially those in the base position, the load on
the wrist is constant due to the need to secure the fly-
er's feet during the formation of a stunt and support the
flyer's weight5. Moreover, the wrist and hand are sus-
ceptible to axial loading during some movements,
such as tumbling maneuvers.

Pain sensitizes capsule mechanoreceptors, which
send signals to inhibitory interneurons in the spinal
cord11,12. These interneurons inhibit alpha motor neu-
rons and, consequently, the signals that would be
transmitted to the wrist flexors and extensors11,12. This
phenomenon is denominated arthrogenic muscle inhi-
bition, which is generated by abnormal afferent infor-
mation from the affected joint, resulting in the
diminished activation and/or weakness of periarticular
muscles11,12. Pain can also be a limiting factor in
sports participation, as the joint may become unstable
and wrist movements impaired, increasing the risk of
injury13. Such events can exert a direct influence on
the quality of life of athletes, as the wrist is an extre-
mely important joint for functional and social activ-
ities, which can become limited due to injury and
pain13-15.

Considering the high rate of upper limb injuries,
especially to the wrist and hand, and the fact that the
high impact, repetitive strain, axial loading and rota-
tional forces in cheerleaders result in a variety of inju-
ries in these joints as well as nonspecific wrist pain, a
study is needed to assess wrist muscle strength and
activation, pain intensity and possible disability
caused by pain. Therefore, the aim of the present
investigation was to compare the wrist muscle
strength, grip strength and electrical activity of the
wrist flexors and extensors between cheerleaders with
and without wrist pain as well as evaluate pain and
upper limb function during the sport and activities of
daily living. This study hypothesizes that cheerleaders
with wrist pain have weaker flexor and extensor wrist
muscles and impairment on electrical muscle activity
compared with cheerleaders without wrist pain. Also,
cheerleaders with wrist pain will report more pain and
greater impairment in upper limb function during the
sport and activities of daily living. Studies of this type
can assist in the understanding of muscle function and
pain as well as contribute to better evaluation, treat-
ment and injury prevention protocols for the wrist and
hand in cheerleaders to improve both performance in
the sport and quality of life.

Methods

Study design

The present cross-sectional study was conducted
at the author's institution. This study followed the
STROBE statement16. Ethical approval was obtained
from institutional review board of the institution (certi-
ficate number: 97742718.8.0000.5504). All partici-
pants signed a statement of informed consent. The data
collection period was from February to December
2019.

Participants

The study was publicized on social media and
during the of cheerleading teams in the city of São
Carlos. Female and male cheerleaders in the national
competitive modality aged 15 years or older were
included in the study. The volunteers were divided
into two groups: a control group (CG) composed of
asymptomatic athletes (no wrist pain) and a sympto-
matic group (SG) composed of athletes with wrist pain
regardless of the duration of the symptom. The exclu-
sion criteria were amateur teams, hand or upper limb
fracture and having undergone physical therapy treat-
ment in the previous six months. The two groups were
matched for sex and cheerleading position.

The participants were instructed not to perform
any physical activity beyond habitual activity in the
48 hours prior to the tests. The wrist affected by pain
was assessed in the SG. In cases of bilateral pain, the
more symptomatic wrist was selected for evaluation
and was determined by the pain level recorded on the
Numerical Rating Scale17. The preferential upper limb
was evaluated in the CG. It was used a convenience
sample.

Outcome measures

Isokinetic assessment

An isokinetic dynamometer (Multi-Joint System
3, Biodex Medical System, New York, USA) was used
for the isokinetic assessment of the wrist. This equip-
ment is considered the gold standard for determining
muscle strength and is a reliable method for measuring
isometric and concentric strength of the wrist flexors
and extensors18,19. Prior to the evaluation, the iso-
kinetic dynamometer was calibrated and all proce-
dures, including correction for the effect of gravity on
the torque measurements, were performed following
the instruction manual of the equipment20.

The volunteer was positioned on the seat of the
equipment with the chair inclined at 85° and was sta-
bilized by straps over the trunk and pelvis. The forearm
was supported and attached to a specific apparatus in
pronation with the elbow flexed at 90° and the
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shoulder in the neutral position. The rotation axis of
the dynamometer was aligned with the radiocarpal
joint. The hand was positioned gripping the handle of
the apparatus and the range of motion of the wrist was
established beginning in the neutral position (0°)20.

After calibration, the participant was familiarized
with the activity by performing three submaximal and
two maximum contractions19. The evaluations were
performed in the isometric and concentric modes at a
velocity of 45°/s, with five maximum repetitions of
wrist flexion and extension, a 60-s rest interval
between each isometric repetition and a three-minute
rest period between tests19. The participants received
verbal encouragement during the evaluation to stimu-
late a better performance throughout the procedure,
but did not receive visual feedback from the equip-
ment21. The order of the tests was randomized. Mean
peak torque (PT) and total work (TW) of the wrist
extensor and flexor in the isometric and concentric
modes were considered for the purposes of analysis.

Test-retest reliability of the measures was deter-
mined prior to the trials. For such, 10 individuals (non-
cheerleaders) without wrist pain were evaluated on
two occasions separated by a maximum of seven days.
The intraclass correlation coefficient and standard
error of measurement were respectively 0.87 and 1.5
for isometric flexor torque and 0.9 and 0.4 for iso-
metric extensor torque, demonstrating the excellent
reliability of these measures.

Determination of grip strength

Grip strength was determined using a Lafayette
handgrip dynamometer (Lafayette Hydraulic Hand
Dynamometer TM - Model 5030K1 - Lafayette Instru-
ment Company, Lafayette, IN). For the test, the guide-
lines of the American Society of Hand Therapists were
adopted and participants performed three six-second
trials, with a one-minute rest period between
trials22,23. The mean of the three trials in kilogram-
force (kgf) was used in the statistical analysis.

Assessment of electromyographic activity

Electrical activity of the wrist flexors and exten-
sors was captured during the isokinetic and grip
strength tests by surface electromyography (EMG),
using the Trigno™ Wireless System (Delsys Inc., Bos-
ton, MA, USA) with a sampling frequency of 1200 Hz.
Two surface electrodes (Trigno™ Wireless Sensor,
Delsys Inc., Boston, MA, USA) were used, with a com-
mon rejection mode ratio greater than 80 dB. The EMG
signals were digitized using a 16-bit A/D conversion
board synchronized with the isokinetic dynamometer.

For the assessment of the wrist extensors, the
electrode was positioned over the belly of the extensor
carpi ulnaris (long and short) at a distance of 1/3 the

length of the forearm closer to the elbow. The muscle
was located by palpation during voluntary contraction
with the forearm pronated24. A measure of general
wrist extensor activity was considered due to the inter-
ference of the adjacent muscles and movement of the
skin and therefore the movement of the electrodes in
relation to the muscle25. For the assessment of the wrist
flexors, electrodes were placed on the flexor carpi
ulnaris (FCU) and flexor digitorum superficialis (FDS).
To position the electrode over the FCU, the ventral
region of the forearm was palpated at approximately ¼
the length of the forearm to the elbow near the ulna
while the volunteer performed active wrist flexion.26

For the FDS, the forearm was palpated ventrally at
approximately ¾ of the distance from the elbow to the
wrist while the participant flexed only the fingers27.
Prior to the positioning of the electrodes, the skin at the
attachment sites was prepared following the recom-
mendations of Surface Electromyography for the Non-
Invasive Assessment of Muscles (SENIAM)28. The EMG
variables considered in the statistical analysis were
mean activation (MA) and the integral of the signal (IS).

Pain assessment

Pain intensity at rest and after a training session
was evaluated using the 11-point Numerical Rating
Scale, ranging from 0 (no pain) to 10 (worse pain pos-
sible). This is a valid, reliable scale for assessing pain
intensity in adults17.

Disabilities of the Arm, Shoulder and Hand (DASH)

The DASH questionnaire was developed to mea-
sure physical disability and symptoms of the upper
limbs in a heterogeneous population and is composed
of 30 items, each of which addresses performance on a
functional task and is scores on a five-point Likert scale
ranging from 1 (no difficulty or no symptom) to 5 (dis-
ability or extreme severity of symptoms that affect the
performance on the task in question)29. DASH has two
optional modules (each with four items) - one for
sports and musical activities and one for work activ-
ities29. The version translated and validated for the
Portuguese language was used in the present study30.

Data processing

All muscle strength and activation data were pro-
cessed using the Matlab software (Mathworks, USA).
Three repetitions were considered for the analysis of
the isokinetic dynamometer data, discarding the first
and final repetitions. Mean PT and TW were con-
sidered for the analysis.

The EMG signals were initially filtered using a
fourth-order, low-pass, zero-lag Butterworth filter from
20 to 400 Hz and were rectified and smoothed using a
65-ms moving root mean square (RMS) window31. The
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EMG signal of each muscle was normalized by the
activation peak during maximum isometric contrac-
tion. The peak of the RMS amplitude during maximum
isometric contraction was considered 100% and MA
during the repetitions was expressed as percentage of
the peak. The integral of the EMG signal for each repe-
tition was also calculated.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics (IBM SPSS Statistics for Windows, Version
25.0. Armonk, NY, USA). The normality and homo-
scedasticity of the data were determined using the
Shapiro-Wilk and Levene tests, respectively. Variables
with non-normal distribution (total activation of EMG
signal of finger flexors during the grip strength test and
total work of concentric wrist extension) were trans-
formed using inverse transformation. Fisher's exact test
was used for the comparison of the categorical vari-
ables (experience, frequency and duration of training)
between groups. The independent t-test was used to
determine differences between groups regarding age,
body mass index (BMI), sport modality and total DASH
score. The Mann-Whitney U test was used for the
comparison between groups regarding pain intensity
at rest and after training. One-way multivariate analy-
sis of variance (MANOVA) was conducted to deter-
mine the group effect (SG x CG) on variables related to
strength and the EMG signals of peak torque and mean
activation of the muscles during the strength tests (PT
of flexion, MA of FCU, FDS and wrist extensors during
isometric flexion; PT of flexion, MA of FCU and FDS
muscles during concentric wrist flexion test; PT of
wrist extension and MA of wrist extensors during iso-
metric and concentric tests; TW of flexion, IS of FCU,
FDS and wrist extensors during isometric flexion test;
TW of flexion, IS of FCU and flexor digitorum super-
ficialis during concentric wrist flexion test; TW of wrist
extension and IS of wrist extensor during isometric and
concentric tests) and grip strength with IS of the signal
of the FDS, FCU and wrist extensors. The level of sig-
nificance was set at 5% for all analyses (α = 0.05).

Clinical relevance of the results of each variable
in the comparison of the cheerleaders with and with-
out wrist pain was determined based on the distribu-
tion method using the effect size (Cohen), minimal
important difference (MID) and clinical judjment32-36.
Cohen described effect sizes of 0.2, 0.5 and 0.8 as
small, moderate and large, respectively37. However,
an effect size ≥ 0.40 was considered clinically rele-
vant, as reported in the study by Armijo-Olivo36, since
this value corresponds to a moderate effect that could
be of interest to clinical practice. Thus, a result was
considered clinically relevant if the effect size was
moderate (≥ 0.40) and both MIDs were smaller than

the mean difference between groups. A result was
considered potentially clinically relevant if the effect
size was moderate (0.5) or small to moderate (0.4-
0.79) and only one of the MIDs was smaller than the
mean difference between groups. A result was con-
sidered not clinically relevant if the effect size was
small (0.20) and one of the MIDs was smaller than the
mean difference between groups or if clinical judg-
ment determined the result to be not clinically rele-
vant36.

Results

Thirty-three individuals were assessed for eligi-
bility, and 11 were excluded based on the exclusion
criteria. Of these, 22 participants (11 in the CG and 11
in the SG) matched the eligibility criteria. The char-
acteristics of both groups can be seen in Table 1.

Table 2 displays data related to the isokinetic
variables, grip strength and electrical muscle activity
organized with the MANOVA grouping. Table 3 dis-
plays the pain and DASH scores of the two groups.

Mean differences and 95% confidence intervals
between groups regarding the variables of interest and
clinical relevance values are presented later.

Table 1 - Characteristics of participants.

Characteristics Control Group
(n = 11)
Mean ± SD

Symptomatic
Group (n = 11)
Mean ± SD

p-
value

Age (years) 22.4 ± 2.7 20.1 ± 2.1 0.09

BMI (kg/m2) 22.9 ± 2.3 23.5 ± 4 0.64

Sex n (%) n (%) -

Male 6 (54.5) 6 (54.5)

Female 5 (45.4) 5 (45.4)

Position -

Base 9 (81.8) 9 (81.8)

Flyer 2 (18.2) 2 (18.2)

Experience 1.0

Up to one year 4 (36.4) 5 (45.5)

More than one
year

7 (63.6) 6 (54.5)

Training frequency
(days/week)

1.0

1-2 4 (36.4) 3 (27.2)

3-4 4 (36.4) 4 (36.4)

5-7 3 (27.2) 4 (36.4)

Duration (hours of
training

0.18

1 to 2 h 2 (18.2) 6 (54.5)

More than 2 h 9 (81.8) 5 (45.5)
*Statistically significant difference: p ≤ 0.05.
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Table 2 - Isometric and concentric torque of wrist flexor and extensor, grip strength and electrical muscle activity during muscle strength tests in
cheerleaders with and without wrist pain.

Control group
(n = 11)

Mean ± SD

Symptomatic group
(n = 11)

Mean ± SD

p-value

Isometric test PT of wrist flexion (Nm) 10.6 ± 4.8 8.2 ± 3.2 0.2

MA of flexor carpi ulnaris 47.2 ± 7.0 47.7 ± 9.1 0.9

MA of flexor digitorum superficialis 49.6 ± 10.4 47.6 ± 9.1 0.6

MA of wrist extensors 8.0 ± 4.6 11.4 ± 8.9 0.3

PT of wrist extension (Nm) 4.9 ± 2.2 4.2 ± 2.0 0.5

MA of wrist extensors 51.1 ± 5.9 50.2 ± 6.3 0.7

TW of wrist flexion (J) 37.0 ± 17.6 30.0 ± 10.7 0.3

IS of flexor carpi ulnaris (µV) 185.6 ± 27.6 187.5 ± 35.6 0.9

IS of flexor digitorum superficialis (µV) 195.1 ± 41.0 187.3 ± 35.4 0.6

IS of wrist extensors during flexion (µV) 31.6 ± 18.0 44.6 ± 34.8 0.3

TW of wrist extension (J) 17.1 ± 7.9 14.6 ± 6.6 0.4

IS of wrist extensors (µV) 201.1 ± 23.2 197.4 ± 24.9 0.7

Grip strength test Grip strength 31.2 ± 10.9 29.1 ± 8.9 0.6

IS of flexor carpi ulnaris (µV) 66.0 ± 59.0 74.0 ± 49.6 0.74

IS of finger flexors (µV) 152.1 ± 264.2 116.1 ± 206.7 0.77

IS of wrist extensors (µV) 87.5 ± 28.8 79.0 ± 33.5 0.53

Concentric test PT of wrist flexion (Nm) 9.7 ± 5.0 6.7 ± 2.3 0.08

MA of flexor carpi ulnaris 48.0 ± 18.5 30.7 ± 16.8 0.03*

MA of flexor digitorum superficialis 57.0 ± 30.9 31.8 ± 10.8 0.02*

PT of wrist extension (Nm) 5.3 ± 2.1 4.5 ± 1.4 0.3

MA of wrist extensors 50.4 ± 23.9 34.4 ± 16.0 0.08

TW of wrist flexion (J) 13.6 ± 9.8 8.6 ± 2.5 0.1

IS of flexor carpi ulnaris (µV) 94.0 ± 35.9 63.0 ± 32.4 0.046*

IS of flexor digitorum superficialis (µV) 121.5 ± 55.3 65.3 ± 19.7 0.005*

TW of wrist extension (J) 13.5 ± 21.2 6.6 ± 2.3 0.05*

IS of wrist extensors (µV) 106.8 ± 53.1 75.9 ± 42.0 0.15
*Statistically significant difference: p ≤ 0.05.
Abbreviations: PT, peak torque; TW, total work; MA, mean activation; IS, integral of signal; Nm, Newton-meter; J, Joules; µV, microvolt.

Table 3 - Pain and DASH scores in cheerleaders with and without wrist pain.

Variables Mean ± SD Median (IQR) p-value Mann-Whitney U

Control
group (n = 11)

Symptomatic
group (n = 11)

Control
group (n = 11)

Symptomatic
group (n = 11)

Paina §

Resting 0 1.1 ± 1.3 0 (0) 0.5 (2.0) 0.006*† 27,500

Post-workout 0 5.9 ± 2.3 0 (0) 6.3 (2.5) < 0.001*† 93,500

DASH scores

Sportsb 8.2 ± 6.4 16.3 ± 8.5 - - 0.02* -

Totalc 14.8 ± 1.8 46.0 ± 16.8 - - < 0.001* -

Abbreviations: DASH, Disabilities Arm, Shoulder and Hand; IQR, Interquartile Range; SD, standard deviation.
aRange of possible scores: 0 to 10; bRange of possible scores: 0 to 100; cRange of possible scores: 0 to 100; §Medians and interquartile ranges for
pain classification; †p-values for Mann-Whitney U tests. *Statistically significant difference: p ≤ 0.05.
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Peak isometric torque of wrist flexion and extension
and electrical activity of wrist flexors and extensors

No group effect was found regarding peak iso-
metric wrist flexion torque or electrical muscle activity
(Pillai's Trace = 0.15; F[4, 17] = 0.72; p = 0.59). How-
ever, a clinically relevant result was found for PT of
wrist flexion (Table 4). Clinically relevant results were
also found regarding activation of the FDS and FCU
muscles (Table 5). A potentially clinically relevant
result was found for MA of the wrist extensors
(Table 5).

The MANOVA results revealed no group effect
regarding peak isometric wrist extension torque or
electrical muscle activity (Pillai's Trace = 0.03; F[2,
19] = 0.31; p = 0.74). However, a potentially clinically
relevant result was found for PT (Table 5).

Isometric TW of wrist flexion and extension and
electrical activity of wrist flexors and extensors

The MANOVA results revealed no group effect
regarding isometric TW of wrist flexion or electrical
muscle activity (Pillai's Trace = 0.12; F[4, 17] = 0.60;
p = 0.67). A potentially clinically relevant result was
found for total wrist flexion work (Table 4). The inte-
gral of the EMG signal of the FDS and FCU muscles
was considered not clinically relevant. A potentially
clinically relevant result was found for the IS of the
wrist extensors (Table 5).

The MANOVA results revealed no group effect
regarding isometric TW of wrist extension or electrical
muscle activity (Pillai's Trace = 0.03; F[2, 19] = 0.32;
p = 0.73). However, a potentially clinically relevant
result was demonstrated for total wrist extension work
(Table 4).

Grip strength and electrical activity of wrist flexors and
extensors

The MANOVA results revealed no group effect
regarding grip strength or electrical muscle activity
(Pillai's Trace = 0.08; F[4, 17] = 0.35; p = 0.84). No
clinical relevance was found for grip strength or activ-
ity of the wrist extensors during the test (Table 5).

Concentric PT of wrist flexion and extension and
electrical activity of wrist flexors and extensors

The MANOVA results revealed group effect
regarding concentric PT of wrist flexion or electrical
muscle activity (Pillai's Trace = 0.45; F[3, 18] = 4.86;
p = 0.01). Lower activation of the FCU (p = 0.03) and
FDS (p = 0.02) was found in the SG compared to the
CG. These differences were both statistically signifi-
cant and clinically relevant (Table 5). No significant
difference between groups was found regarding con- Ta
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centric peak wrist flexion torque (p = 0.08), but a clini-
cally relevant result was demonstrated (Table 4).

The MANOVA results revealed no group effect
regarding concentric PT of wrist extension or electrical
muscle activity (Pillai's Trace = 0.23; F[2, 19] = 2.85;
p = 0.08). However, a potentially clinically relevant
result was demonstrated for PT (Table 4) and a clini-
cally relevant result was found regarding MA of the
wrist extensors (Table 5).

Concentric TW of wrist flexion and extension and
electrical activity of wrist flexors and extensors

The MANOVA results revealed group effect
regarding concentric TW of wrist flexion or electrical
muscle activity (Pillai's Trace = 0.39; F[3, 18] = 3.80;
p = 0.03). Lower activation of the FCU (p = 0.046) and
FDS (p = 0.005) was found in the SG and these results
were clinically relevant (Table 5). No significant differ-
ence was found between groups regarding concentric
total wrist flexion work (p = 0.1), but a clinically rele-
vant result was demonstrated (Table 4).

The MANOVA results revealed group effect
regarding concentric TW of wrist extension or elec-
trical muscle activity (Pillai's Trace = 0.36; F[2, 19] =
5.34; p = 0.01). Less total wrist extension work in the
concentric mode was found in the SG (p = 0.05) and
this result was clinically relevant (Table 4). The differ-
ence between groups regarding the IS during activation
of the wrist extensors was non-significant (p = 0.15) but
was considered clinically relevant (Table 5).

Pain and DASH

The SG had greater pain intensity at rest
(p = 0.006) and after training (p < 0.001) compared to
the CG (Table 3). These differences were both statisti-
cally significant and clinically relevant (Table 6). The
SG also had higher sport modality (p = 0.02) and total
DASH (p < 0.001) scores (Table 3). The result for the
total DASH score was considered clinically relevant
(Table 6).

Discussion

This is a pioneering study involving the analysis
of muscle strength, electrical activity of the wrist flex-
ors and extensors, pain and compromised upper limb
function regarding performance in the sport and activ-
ities of daily living in cheerleaders with and without
wrist pain. This study also explored issues related to
the statistical significance and clinical relevance of the
results.

Although statistical significance was not achieved
for PT or TW in the isometric mode of wrist flexion and
extension, the effect size and MID values indicated a
clinically relevant difference in strength betweenTa
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cheerleaders with and without wrist pain. There is no
difference between groups in wrist muscle strength in
the isometric mode. However, a potentially clinically
relevant result was found. Wrist extensors are impor-
tant to the stabilization of the joint, especially during
tasks that involve grip strength, as occurs in cheerlead-
ing. Thus, weakness of these muscles can exert an
impact on the performance of the sport38.

We also found no significant differences regard-
ing EMG variables during the strength tests. However,
the effect size and MID values indicated potentially
clinically relevant differences between groups regard-
ing MA and the IS of the wrist extensors during the
assessment of PT and TW of wrist flexion, respectively.
Cheerleaders with wrist pain had greater activation of
the wrist extensors than those in the CG. This greater
recruitment may be related to the strength deficit of the
wrist flexors and may be a strategy for the stabilization
of the joint during the isometric strength test, since the
wrist extensors are responsible for stabilizing the
joint38-40.

No statistically significant or clinically relevant
differences between groups were found regarding grip
strength or electrical activity of the wrist flexors and
extensors during the test. No previous studies were
found evaluating wrist muscle strength and electrical
activity in cheerleaders, thus, we were not able to
compare our results. However, our grip strength results
are compatible with data described by DiFiori et al.41,
who analyzed grip strength in gymnasts and found no
difference between groups with and without with wrist
pain. In contrast, Alizadehkhaiyat et al.42 found the
individuals with lateral epicondylalgia were 25%
weaker than healthy individuals in this respect.
Regarding electrical activity of the wrist muscles, one
study found a change in the coordination of the wrist
extensors and finger flexors during a gripping task in
individuals with a diagnosis of lateral epicondylalgia
compared to asymptomatic individuals43. This change
in activation was characterized by greater contribution
of the extensor digitorum communis and flexor digi-
torum profundus as well as lower contribution of the
extensor carpi radialis brevis in relation to the total
EMG activation of the muscles sampled.

Statistical significance was also not achieved
regarding peak flexion or extension torque or TW of
wrist flexion in the concentric mode. However, the
effect size and MID values indicate a relevant differ-
ence in strength between cheerleaders with and with-
out wrist pain under several conditions. Cheerleaders
with wrist pain exhibited a tendency toward a reduc-
tion in muscle strength in the concentric mode, espe-
cially with regards to PT and TW of wrist flexion
compared to cheerleaders without wrist pain. No pre-
vious studies were found evaluating concentric peakTa
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wrist torque in cheerleaders or gymnasts. Our results
regarding peak wrist extension torque in the con-
centric mode are compatible with data described in a
study conducted by Unyó et al.44, in which individuals
with lateral epicondylalgia did not exhibit significantly
lower strength regarding concentric peak wrist exten-
sion torque. Concerning total wrist extension work in
the concentric mode, cheerleaders with wrist pain had
significantly lower values than those without wrist
pain and this difference was clinically relevant.

Statistically significant and clinically relevant dif-
ferences between groups were also found regarding
MA and the IS of the FCU and FDS muscles during PT
and TW in the concentric mode, respectively, as
cheerleaders with wrist pain had lower electrical mus-
cle activity.

Statistical significance was not achieved regard-
ing MA or the IS of the wrist extensors during PT and
TW of wrist extension in the concentric mode, respec-
tively. However, the effect size and MID value indi-
cate a clinically relevant difference in electrical
activity, as cheerleaders with wrist pain had a ten-
dency toward a reduction in electrical activity of the
wrist extensors in the concentric mode compared to
those without wrist pain.

Lastly, statistically significant and clinically rele-
vant differences were found between groups regarding
the level of pain at rest and after training as well as the
sport module and total DASH scores, as cheerleaders
with wrist pain had greater pain intensity and wrist
impairment during the practice of cheerleading and
activities of daily living. Thus, it seems that pain and
compromised muscle function of the wrist and hand
exert an impact on the movements of the sport as well
as the performance of activities of daily living.
Although no studies with the same population were
found in the literature, DiFiori et al.45 showed that wrist
pain in adolescent gymnasts seems to have a negative
impact on training, according to self-reports of the ath-
letes.

As no normative values for PT and TW of wrist
flexion and extension in the isometric and concentric
modes have been determined for athletes and studies
addressing wrist muscle strength are scarce, the pre-
sentation of statistical significance alone is insufficient
for clinicians to know whether results are indeed
important. Thus, clinical relevance needs to be asses-
sed to determine whether results are useful. This
aspect should be taken into consideration when evalu-
ating and treating cheerleaders with wrist pain, as such
individuals may have strength deficit in the wrist flex-
ors and extensors and may benefit from the treatment
of this deficiency.

The cross-sectional design of this study does not
enable the establishment of cause-and-effect relation-

ships between the variables analyzed. Thus, prospec-
tive studies are needed to follow up functional changes
in the wrist muscles of cheerleaders. Studies addressing
electromyographic activity during the performance of
the movements of the sport should also be conducted
to enable of better understanding of possible impair-
ment. In addition, future studies with a larger sample
size may compare the strength and activity of wrist
muscles according to the sex of cheerleading athletes.

Even though this study was conducted with a
small convenience sample, the findings provide valu-
able insights for both practice and future research.
From a practical perspective, coaches and health pro-
fessionals working with cheerleaders should consider
implementing preventive training strategies focused on
strengthening and balancing the wrist flexor and
extensor muscles, as well as improving joint stability
and endurance, to reduce the risk of wrist pain and
overuse injuries. For future studies, it is recommended
to employ longitudinal designs with larger and more
representative samples to confirm these preliminary
results and to evaluate the effectiveness of specific
training and preventive protocols aimed at mitigating
wrist injuries in cheerleaders.

Conclusion

In this study, cheerleaders with wrist pain have
lower total wrist extension work in the concentric
mode and higher MA and IS of the FCU and FDS mus-
cle during concentric tests of wrist flexion. Despite the
lack of a statistically significant difference, clinically
relevant results were found regarding peak wrist flex-
ion torque in both the isometric and concentric
modes, total wrist flexion and extension work in the
concentric mode as well as MA and the IS of the wrist
extensors during concentric tests of wrist extension.
Moreover, cheerleaders with wrist pain reported a
higher level of pain at rest and following training ses-
sions as well as greater wrist impairment during the
practice of cheerleading and general upper limb
impairment affecting the performance of activities of
daily living, with both statistical significance and clin-
ical relevance found for these variables.

It is important to emphasize that, due to the small
sample size (n = 22), these findings should be inter-
preted with caution. The study had an exploratory nat-
ure, aiming to identify clinical trends rather than to
infer epidemiological conclusions. Nonetheless,
assessing clinical relevance remains important, as a
result may not reach statistical significance but can still
have meaningful implications for clinical practice.
Based on the present findings, implementing pre-
ventive training programs focused on strengthening
and balancing the wrist flexor and extensor muscles
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may be recommended to reduce pain and functional
impairment among cheerleaders. These results may
serve as a reference for future research and for guiding
clinical reasoning in similar athletic populations.
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