
Introduction 

Dancers are both athletes and artists [1] who pursue aesthetic ex-

Background: This study investigated the prevalence and associated factors of musculoskeletal pain among professional dancers who 
experienced a lapse in group practice due to coronavirus disease 2019. 
Methods: General characteristics, practice time, region of musculoskeletal pain due to injury using the visual numeric scale (VNS), and 
causative motion were surveyed among professional dancers. Pain of VNS 0 to 3 was categorized as “no or minor,” 4 to 6 was catego-
rized as “moderate,” and 7 to 10 was categorized as “severe.” The causal motions of musculoskeletal pain were analyzed according to 
body region. Factors other than motion associated with pain were also analyzed. 
Results: In total, 368 participants were included. In the univariate analysis, age and practice time were positively associated with 
“moderate” pain. Practice time, dance experience, and postural accuracy were positively associated with “severe” pain, as was per-
forming Korean traditional dance. In the multivariable analysis, practice time, group practice, and age were positively associated 
with pain of VNS 4 to 10, and practice time, group practice, and Korean traditional dance were positively associated with pain of 
VNS 7 to 10. 
Conclusion: Among the factors related to dancer training, practice time, group practice, and dance type affect the occurrence of pain. 
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pression through body movements and postures, which often 
cause their muscles and joints to function above the average physi-
cal capability of the general population [2]. Athletes practice to im-
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prove their physical condition and achieve a high level of perfor-
mance in competition, while dancers must continuously practice 
their movements and postures harmoniously and beautifully in the 
pursuit of artistic perfection. Furthermore, general athletes have a 
season in which they prepare for competitions to produce the best 
performance, and a season in which they physically recover after 
the competition is over. Thus, they experience a cycle of seasons 
requiring different physical effort. However, dancers prepare year-
round for various performances without an off-season and require 
continuous and cumulative practice to improve performance qual-
ity [3]. Thus, dancers are at a higher risk of sustaining musculoskel-
etal injuries than general athletes. 

Numerous investigations have elucidated an elevated incidence 
of musculoskeletal disorders (MSDs) among dancers. Despite the 
variability in outcomes attributed to the divergent methodologies 
and geographical locations of these studies, the consensus indicates 
a pronounced prevalence of MSDs within this cohort throughout 
their careers. A previous study indicated a lifetime prevalence of 
54.8% for MSDs in professional ballet dancers, with modern danc-
ers exhibiting a slightly lower rate of 46.3% [4]. Notably, a specific 
examination of professional ballet practitioners in Sweden revealed 
an exceedingly high lifetime MSD prevalence rate of 95% [5,6]. 
Furthermore, a comprehensive systematic review of the extant lit-
erature revealed that approximately 50% of professional dancers 
experience low back pain during their lifetimes [7]. The discourse 
surrounding MSDs in dancers often categorizes these ailments as 
occupational diseases [3,8], highlighting the significantly higher 
prevalence of MSDs in this profession than in other occupational 
sectors. For instance, the incidence of nonfatal occupational inju-
ries and illnesses necessitating absence from work among dancers 
is reported to be 343.2 cases per 10,000 full-time equivalent work-
ers, markedly surpassing the rates observed in the general occupa-
tional population (120.7 cases), among carpenters (202.7 cases), 
and among construction laborers (207.1 cases) [9]. 

Several studies have indicated risk factors related to the preva-
lence of these MSDs, such as posture, flexibility [10], body type, 
sociopsychological factors [11], dance exposure, age, joint range of 
movement, and anthropometrics [12], although these have not yet 
been clearly established. In this study, the prevalence of musculo-
skeletal pain due to injury among professional dancers performing 
modern dance, ballet, and Korean traditional dance in the Repub-
lic of Korea was surveyed using a self-administered questionnaire, 
and the influencing factors were analyzed. In early 2020, coronavi-
rus disease 2019 (COVID-19) severely curtailed performing activ-
ities, leaving most dancers in a lapse period without performances 
and group practice. During this period, dancers took a break from 
rehearsals and either focused on individual practice or rested. As 

the spread of COVID-19 decelerated, dancers returned to their 
regular professional practice. This study investigated the preva-
lence of musculoskeletal injuries and pain among dancers, consid-
ering both the period of professional practice and the lapse period 
of group practice due to COVID-19. 

Methods 

Ethical statements: The authors obtained approval from the 
Institutional Review Board (IRB) of Yeungnam University 
Hospital (IRB No: YUMC 2021-04-005-001). All the partici-
pants provided written informed consent.

1. Study participants 
This investigation was undertaken among professional dancers ac-
tively engaged in routine dance practices and affiliated with nine 
distinguished dance companies in the Republic of Korea. The tem-
poral scope of this study spanned from July to August 2021. By 
employing a retrospective recall methodology, this study targeted 
two specific timeframes. The initial period was March to April 
2020, during which collective practice sessions ceased in response 
to the COVID-19 pandemic. The subsequent interval extended 
from February to March 2021, a phase characterized by the re-
sumption of regular group practices. Notably, the first COVID-19 
case in Korea was documented in February 2020, followed by the 
implementation of restrictions on public gatherings and the prom-
ulgation of "social distancing" directives in March 2020 [13]. 
During the first survey period of this study (March to April 2020), 
no group practices, including remote meetings using mobile and 
personal computer platforms, were conducted. In contrast, March 
to April 2021 was the period when group practices were normally 
conducted with dancers required to wear masks, given the Korean 
government’s requirement for wearing masks indoors. 

This study surveyed professional dancers specializing in ballet, 
modern dance, and Korean traditional dance. Regarding college 
students, this study excluded individuals majoring in dance with-
out professional engagement. The inclusion criteria were strictly 
limited to college students who were members of collegiate dance 
ensembles and demonstrated a commitment to performing and 
practicing at a volume and intensity commensurate with that of 
professional dancers affiliated with a dance company. 

A researcher visited a company that agreed to participate in the 
research, confirmed that each member had agreed to participate, 
explained the purpose of the research to the consenting partici-
pants, and obtained consent to proceed. Printed structured ques-
tionnaires were distributed and self-completed by consenting par-
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ticipants. Submitted questionnaires were excluded from the analy-
sis if there were missing values for the variables of interest, except 
for flexibility and posture accuracy; in some questionnaires, only 
flexibility and posture accuracy items were missing. When all other 
items were completed, statistical imputation was performed, and 
the survey was included in the analysis. 

2. Survey 
The self-administered questionnaire involved general demograph-
ics and dance-specific attributes, including sex, age, years of dance 
experience, height, weight, current affiliating institution, style of 
dance, duration of practice sessions (pertaining to each of the de-
lineated periods), locations of pain experienced, and the visual nu-
meric scale (VNS) pain assessment. Data were collected from July 
to August 2021 using recall methodology to investigate the two 
predetermined periods of interest. 

Regarding practice time, the lapse of group practice and perfor-
mance between the first 2 months, February and March of 2020, 
of the COVID-19 outbreak (“lapse of group practice” period) and 
the period after return to regular practice for 2 months in March 
and April 2021 (“after return” period) was investigated. Each par-
ticipant was assessed for musculoskeletal pain due to injury during 
the “lapse of group practice” and “after return” periods. The survey 
was conducted using a structured questionnaire. Regarding the re-
gions of pain due to injury, participants could choose from 13 re-
gions in the questionnaire, including (1) neck, (2) shoulder, (3) el-
bow, (4) wrist/hand, (5) back/trunk, (6) waist/pelvis, (7) hip 
joint, (8) thigh, (9) knee, (10) calf, (11) ankle, (12) foot/toe, and 
(13) other. A 0 to 10 VNS was used to investigate pain intensity. A 
maximum of three regions were assessed and assigned a pain score. 
Questions assessing joint flexibility and postural accuracy were 
based on the Beighton score [14] and dance technique motor con-
trol test, respectively, which have been validated for inner-rate reli-
ability and used in a previous study on musculoskeletal pain 
among dancers. Flexibility was scored on a scale of 0 to 9, and pos-
tural accuracy ranged from 0 to 13, according to the previous study 
[10]. 

3. Variable categorization and statistical analysis 
First, the general characteristics of the participants, including sex, 
age, dance style, affiliation, number of years of professional danc-
ing, practice time for each period, height, weight, flexibility, and 
postural accuracy, were assessed. There were three and seven cases 
that did not respond to questions regarding flexibility and postural 
accuracy and, since they responded faithfully to other items, statis-
tical imputation was performed using the “predictive mean match-
ing” method. 

Referring to the literature, those who described pain as 0 to 3, 4 
to 6, and 7 or higher on the VNS were classified as “no or minor,” 
“moderate,” and “severe” pain, respectively [15]. The prevalence of 
pain caused by injury was calculated separately. Specifically, the in-
vestigation was conducted by subdividing the injuries based on 
where they occurred on the body. The analysis was performed by 
classifying body regions by considering the low injury prevalence 
to each region during the group practice period.  

For musculoskeletal symptoms, categorization was performed 
as follows: 

• Neck and back/trunk were classified as “upper trunk” 
•  Shoulder, elbow, and wrist/hand were classified as “upper 

limb” 
•  Waist/pelvis and hip were classified as “lower trunk” 
•  Knee, thigh, calf/ankle, and foot/toe were classified as “lower 

limb” 
•  If any of the above items were checked in the survey, it was 

marked as “any part” 
Considering the high rate of lower limb injuries among dancers, 

this category was divided into two subgroups: knee and calf as 
“proximal lower limb” and ankle and foot/toe as “distal lower limb.” 
Cases of pain in one or more regions in each category were count-
ed. Therefore, the total number of subcategories was not necessari-
ly equal to the total number of upper categories. For example, if an 
individual described pain in the shoulder, knee, and thigh, this 
would be counted as one in the “any parts” group, one in the “up-
per limb” group, and one in the “lower limb” group. The preva-
lence of pain by body region in the “lapse of group practice” and 
“after return” periods was compared using McNemar test. 

To identify musculoskeletal risk factors other than movement, 
the sex, dance style, age, experience, practice time, flexibility, accu-
racy, height, and weight of participants in each pain group were 
classified using the VNS for pain (“no or minor,” “moderate,” and 
“severe”). These categorizations were compared. The pain group 
classification was based on the region with the highest VNS among 
the three regions based on the participants’ responses. 

An analysis of variance or the Kruskal-Wallis test (for the “lapse 
of group practice” period, which had only four participants with se-
vere pain) was used for continuous variables. The chi-square and 
Fisher exact tests (when the predicted number for each category 
was five or fewer) were used for categorical variables to compare 
the characteristics of the groups with “no or minor,” “moderate,” or 
“severe” pain. The statistics and p-values for each method were cal-
culated. 

A multivariable model was used to calculate variables showing 
potential associations with pain in the univariate analysis. The 
model was calculated separately by coding the outcome variables 
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binomially with or without “moderate” and “severe” pain. A gener-
alized linear mixed model (GLMM) with logit link function was 
used to calculate an integrated model, including each practice time 
and pain for the “lapse of group practice” and “after return” periods. 
The dependent variable, pain, was based on the classification of 
moderate or severe pain in the univariate analysis. However, if only 
moderate pain was set as the dependent variable, severe pain 
should be grouped into the “no or minor pain” group or analyzed 
after excluding the severe pain group. The former method may 
cause bias that underestimates the risk, whereas the latter method 
has the disadvantage of removing approximately one-third of the 
samples. Thus, the dependent variable was analyzed by classifying 
cases where the VNS scored 4 points in one or more sites in model 
1 and cases where the VNS scored 7 points or more in one site in 
model 2. 

A random intercept model was used in which each participant 
was regarded as a random effect. The Akaike information criterion 
cannot be compared in a GLMM with different fixed effects [16]; 
therefore, we performed manual purposeful variable selection 
[17]. The multivariable model was calculated using variables that 
showed potential significance (p < 0.15) in the univariate analysis. 
Variables with the highest p-values were removed sequentially, 
leaving those with potential significance. Then, leaving only poten-
tially significant variables, the removed variables were included in-
dividually to check whether they were potentially significant in the 
model [18]. Categorical independent variables composed of more 
than two categories were included when at least one of the catego-
ries had a p-value < 0.15. In the case of body weight and weight, 
the effect of sex was significant; thus, they were excluded when the 
sex variable was not included.  

Statistical analyses were performed using the IBM SPSS ver. 
23.0 (IBM Corp., Armonk, NY, USA) 0 and R project 4.2.1 
(https://www.r-project.org) were used. The packages used for 
each statistical analysis were “lme4” [19] for the GLMM package 
and “mice” [20] for missing value imputation. 

Results 

1. General characteristics 
A total of 405 participants were surveyed, and 368 participants 
were included in the study; 37 participants who had missing values 
for the variables of interest were excluded. In seven participants, 
only flexibility and postural accuracy items were missing, which 
were relatively difficult to answer, and there were no missing values 
for any other variables of interest; thus, statistical imputation was 
performed for these participants. The survey was conducted 
among five college dance teams and four dance companies. 

This study included 79 male (21.5%) and 289 female subjects 
(78.5%). In terms of dance style, 216 (58.7%) performed modern 
dance, 74 (20.1%) ballet, and 78 (21.2%) Korean traditional 
dance. The average practice time was 4.7 ± 6.1 hours per week 
during the “lapse of group practice” period and 18.5 ± 12.1 hours 
per week during the “after return” period. During the “lapse of 
group practice” period, 127 out of the 368 participants did not 
practice. The characteristics of the participants are presented in 
Table 1. 

2. Prevalence of pain due to injury 
Table 2 presents the comparison of pain by body region during 
each period. Fifty (13.6%) and 187 participants (50.8%) experi-
enced “moderate” pain during the “lapse of group practice” and “af-

Table 1. General characteristics of participants 

Characteristic Data
Sex
 Male 79 (21.5)
 Female 289 (78.5)
Age (yr) 17–53
 <20 122 (33.2)
 20–29 190 (51.6)
 30–39 32 (8.7)
 ≥40 24 (6.5)
Dance style
 Modern dance 216 (58.7)
 Ballet 74 (20.1)
 Korean traditional dance 78 (21.2)
Affiliation
 University or college (n=5) 284 (77.2)
 Public or private dance company (n=4) 84 (22.8)
Dancing experience (yr) 1–38
 1–5 135 (36.7)
 6–10 142 (38.6)
 11–15 34 (9.2)
 ≥16 57 (15.5)
Weekly practice time (hr)
 During lapse of group practicea) 4.7±6.1 (0–2)
 After return 18.6±12.1 (1–60)
Height (cm)
 Male 176.2±5.5 (162.0–189.0)
 Female 164.6±5.1 (145.0–177.0)
Weight (kg)
 Male 67.1±7.5 (52–90)
 Female 51.9±5.1 (38–68)
Flexibility (3 missing) 5.6±2.6 (0–9)
Postural accuracy (7 missing) 2.6±3.2 (0–13)

Values are presented as number (%), range only, or mean±standard de-
viation (range).
a)Excluding those who responded that they practiced 0 hr/wk (did not 
practice at all) during the lapse of group practice, the weekly practice 
time was 6.3±6.1 hours (range, 1-42 hours).
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ter return” periods, respectively (p < 0.0001). Pain in the lower 
trunk and lower limbs was the most common pain experienced 
during the “lapse of group practice” period, and pain in the upper 
limbs was the most common pain experienced during the “after re-
turn” period. 

Severe pain was experienced by four participants (1.1%) during 
the “lapse of group practice” period and 93 participants (25.5%) 
during the “after return” period (p < 0.0001). In the “after return” 
period, severe pain was reported the most in the lower limbs, fol-
lowed by the lower trunk, and finally the upper limbs. 

3. Factors related to musculoskeletal pain 
To identify the factors related to pain, the characteristics of the 
groups with “moderate” and “severe” pain were compared (Table 
3). Practice time (p < 0.0001) and age (p < 0.01) had a significant 
relationship to pain during the “lapse of group practice” period. 
Factors significantly related to pain during the “after return” period 
included dance style (p < 0.01), age (p < 0.05), number of years 
dancing (p < 0.05), postural accuracy (p < 0.05), and practice time 
(p < 0.0001). “Moderate to severe” pain was experienced by 100% 
of the dancers whose practice time after returning exceeded 20 
hours per week. “Severe” pain during the “lapse of group practice” 
period also had a significant positive relationship with practice 
time. In the case of “severe” pain during the “after return” period, 
there was a significant relationship between dance style and prac-
tice time. In both periods, 100% of the dancers experienced “severe 
pain” for more than 40 hours per week. The association pattern be-
tween practice time and pain during the “after return” period is pre-
sented in Fig. 1. 

4. Multivariable analysis 
The initial model is shown in Supplementary Table 1. The final 

model is presented in Table 4. In the final model, practice time had 
a statistically significant positive relationship with “moderate to se-
vere” pain (odds ratio [OR], 1.84 per hour per week; 95% confi-
dence interval [CI], 1.64–2.06). The incidence of pain was signifi-
cantly lower in dancers in their 20s than in those in their teens 
(OR, 0.43; 95% CI, 0.21–0.90). There was a greater prevalence of 
pain during the “after return” period than during the “lapse of 
group practice” period (OR, 2.24; 95% CI, 1.13–4.44). Practice 
time had a significant positive association with “severe pain” (OR, 
1.28; 95% CI, 1.21–1.34), and there was a significantly greater 
prevalence of pain in the “after return” period than in the “lapse of 
group practice” period (OR, 9.46; 95% CI, 1.51–59.19). There 
was also a significantly greater prevalence of pain among dancers 
practicing Korean traditional dance than among those practicing 
modern dance (OR, 2.83; 95% CI, 1.16–6.94). 

Discussion 

This study investigated factors affecting the prevalence of pain due 
to injury among professional dancers who had a lapse period due 
to COVID-19 and later returned to regular practice. A mixed mod-
el approach was used in this study. One advantage of using a mixed 
model to analyze repeated-measures data is the ability to analyze 
each participant’s repeated measurements as individual cases, akin 
to cases in different states. In the context of the COVID-19 pan-
demic, this study provides an opportunity to analyze the sudden 
cessation of practice among professional dancers as a unique cir-
cumstance. This allowed the use of this group as an internal con-
trol to analyze the impact of practice on musculoskeletal pain. 
During the “lapse of group practice” period, individual practices, or 
possibly unofficial small group practices, were performed; regular 
practice was performed after practices resumed. Therefore, it is 

Table 2. Prevalence of musculoskeletal pain due to injury by body region 

Body region
Moderate pain, VNS 4–6 Severe pain, VNS 7–10

Lapse of group practice After return p-value Lapse of group practice After return p-value
Any parts 50 (13.6) 187 (50.8) <0.0001 4 (1.1) 98 (26.6) <0.0001
Upper trunk 6 (1.6) [2.1] 47 (12.8) <0.0001 1 (0.3) [0.4] 10 (2.7) 0.012
Upper limb 11 (3.0) [3.9] 63 (17.1) <0.0001 0 (0) [0] 16 (4.3) -
Lower trunk 23 (6.3) [8.1] 136 (37) <0.0001 1 (0.3) [0.4] 41 (11.1) -
Lower limb 23 (6.3) [8.1] 176 (47.8) <0.0001 2 (0.5) [0.7] 44 (12.0) <0.0001
 Proximal lower limb 12 (3.3) [4.2] 107 (29.1) <0.0001 0 (0) [0] 20 (5.4) -
 Distal lower limb 14 (3.8) [4.9] 107 (29.1) <0.0001 2 (0.5) [0.7] 26 (7.1) <0.0001
Others 0 (0) [0] 3 (0.8) - 0 (0) [0] 1 (0.3) -

Values are presented as number (%). The numbers in [ ] are the proportion calculated excluding those who have not practiced. Participants who never 
practiced did not report moderate or severe pain.
The p-value was calculated by McNemar test using binomial distribution statistics. Statistics could not be calculated for variables that included a cell 
with 0.
VNS, visual numeric scale.
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possible to analyze the effect of the practice type on pain. There 
was also an opportunity to assess the prevalence of pain according 
to various practice times due to a sharp decrease in practice time 
during the “lapse of group practice” period. 

A positive correlation was identified between practice time and 
pain. These results are similar to those of previous studies. Many 
previous studies have reported that the practice time of dancers is a 
particularly important risk factor for musculoskeletal symptoms. 
Kadel et al. [21] reported that dancing for more than 5 hours per 
day increased the risk of stress fractures in professional ballet danc-
ers. It has been reported that both cumulative training periods and 
weekly practice time increased injuries among professional dancers 

in the United Kingdom [22]. However, in previous studies con-
ducted in the Republic of Korea, it was difficult to identify the rela-
tionship between practice time and pain because dancers partici-
pated in regular professional training. Kwon [23] reported that the 
practice time and number of performances did not affect musculo-
skeletal pain. However, in the present study, by analyzing the data, 
including lapse of group practice and performance time for danc-
ers due to COVID-19, it was possible to examine the relationship 
between musculoskeletal pain and practice time, including during 
the period when practice time had decreased to 0 hours per week. 
Practice time was in the form of a “dose-response curve” and ap-
peared as a threshold model, in which most of the pain experi-
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enced by dancers occurred when a certain amount of practice time 
was exceeded. The risk of “moderate or severe” pain, unless the 
practice time was less than 10 hours per week, increased rapidly 
with practice time, and the threshold at which pain always oc-
curred was approximately 20 hours per week. For “severe” pain, 
when practice time was less than 20 hours per week, there was a 
relatively gentle increase followed by a steep increase; the threshold 
at which “severe” pain always occurred was approximately 40 hours 
per week of practice time. 

Unlike other athletes who train mainly with drills rather than full 
games during practice and train their bodies to achieve maximum 
performance during practice, the training or practice of dancers 
differs little from actual performance. In the case of dancers, the 
possibility of injury during practice is considered to be higher than 
that of athletes because dancers practice at the level of performance 
[3]. In athletes, although there are exceptions depending on the 
sport, the incidence of injuries during games is generally reported 
to be 2 to 4 times higher than that during practice [24-26]. In 
dancers, injuries occurring during performances are more likely 
than those occurring during rehearsals. However, it has been re-
ported that injuries during dancers’ performances contribute to ap-
proximately 50% of total injuries, and the contribution of rehearsal 
or practice injuries is regarded to be relatively higher among danc-
ers than among athletes [3,27]. During the “after return” period, in 
which regular and professional practices were performed, pain 
seemed to increase independently of practice time compared to 
that experienced by dancers during the “lapse of group practice” 
period, in which individual or small group practices were per-
formed. The significant difference in the prevalence of musculo-

skeletal pain between these practice patterns may provide an im-
portant basis for classifying the pain caused by regular practice as a 
work-related symptom. Another study produced results that 
showed that social distancing due to COVID-19 led to musculo-
skeletal pain due to psychological factors and lifestyle changes 
[28]; however, in the present study, the prevalence of pain in all 
body regions was significantly lower during the COVID-19 period 
when group practice was not held. 

When performing during group practices, “moderate” and “se-
vere” pain appeared most frequently in the lower limbs, followed 
by the lower trunk. Shah et al. [29] reported that injuries occurred 
most frequently in the ankle, followed by the waist and knee in pro-
fessional modern dancers. Ramel et al. [30] reported that 69% to 
82% of professional ballet dancers sustained lower back injuries 
and 73% to 82% reported musculoskeletal pain in the foot. Kwon 
[23] reported that back, leg, and ankle pain were most severe in 
college students majoring in dance. Wanke et al. [31] reported that 
the ankle is the most frequently injured region, and that jumping is 
the movement that causes the most injuries among ballet dancers. 
Motta-Valencia [32] reported that the upper extremities were 
mainly injured during lifting maneuvers, and the lower extremities 
were mainly injured during jumps or landings. Although there 
were some differences due to different participant characteristics 
and outcomes in each study, the findings that severe injuries occur 
frequently in the lower extremities and lower back are consistent 
with the results of our study. 

A higher risk of “severe” pain was identified among Korean tradi-
tional dancers. Korean traditional dance involves movements that 
are completely different from those of modern dance and ballet. 

Table 4. Final multivariable model of pain prevalence and potentially associated factors by generalized linear mixed model 

Variable
Moderate to severe pain (VNS 4-10) Severe pain (VNS 7-10)

OR (95% CI) p-value OR (95% CI) p-value
Weekly practice time (hr) 1.84 (1.64–2.06) <0.0001 1.28 (1.21–1.34) <0.0001
Group practice (period)
 Lapse of group practice Reference Reference
 After return 2.24 (1.13–4.44) <0.05 9.46 (1.51–59.19) <0.05
Age (yr)
 <20 Reference -
 20–29 0.43 (0.21–0.90) <0.05 -
 30–39 1.68 (0.49–5.73) 0.42 -
 ≥40 0.77 (0.19–3.06) 0.72 -
Postural accuracy 0.90 (0.46–1.75) 0.06 0.89 (0.80–1.01) 0.06
Dance type
 Modern dance - Reference
 Ballet - 0.73 (0.29–1.88) 0.52
 Korean traditional dance - 2.83 (1.16–6.94) <0.05

For the dependent variable, maximum VNS scores for each region were dichotomized as 0–3 and 4–10 in model 1, and 0–6 and 7–10 in model 2.
A generalized linear mixed model with logit function was used for OR and p-value calculation.
VNS, visual numeric scale; OR, odds ratio; CI, confidence interval.
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However, few studies have reported the effects of these move-
ments on MSDs. One study examined exercise intensity in Korean 
dancers. In a study of 20 female college students with more than 5 
years of dance experience, the maximum heart rate for each move-
ment was 135.40 ± 4.44 beats per minute (bpm) to 183.35 ± 3.11 
bpm, indicating a wide range but that the exercise intensity was 
high [33]. Although a direct comparison is difficult owing to the 
different research methods employed, the superior-inferior ground 
reaction force exceeded 500 N to 1,000 N in some Korean dance 
movements [34]. This is quite high compared to that reported for 
ballet dancers (150 N) [35]. The pattern and linkage between ba-
sic movements vary depending on the type of dance practiced; 
thus, the relationship between injury and dance movements in Ko-
rean traditional dance should be studied further. 

This study had several limitations. From the point of view of the 
research design, the study was conducted using a survey that was 
completed via recall. Recall bias may have occurred because both 
past and current pain were investigated using a single question-
naire. Regarding the outcome, objectivity and specificity may have 
been lowered by reporting musculoskeletal pain due to injury 
through self-written questionnaires without referring to medical 
records. One limitation of our survey questionnaire method is that 
we did not separate students from professional dancers, although 
we included only students who belonged to a public or private 
dance team and had practice and performance equivalent to that of 
professional dancers. In addition, in the case of group practice, the 
classification of practice aspects such as rehearsal and technique 
lessons was not separated in the questionnaire. In the case of a 
lapse in the group practice period, there may have been an unoffi-
cial small group that continued practicing, but this was not reflect-
ed in the survey questionnaire. Furthermore, by examining only up 
to three pain areas, some cases of pain may have been omitted. Be-
cause a self-administered method was used, some questionnaire re-
sponses may have been omitted either intentionally or inadvertent-
ly. Additionally, participants may have experienced difficulties in-
terpreting items such as flexibility and postural accuracy in the 
questionnaire, although detailed pictures and evaluation methods 
were provided. The definition of pain was described as “repeatedly 
injured area and average pain intensity” in the questionnaire. The 
definition of “injury” was not clarified, and therefore, delayed onset 
muscle soreness due to simple overuse may have been included. 
Regarding the statistical methods, owing to the rare research de-
sign using the lapsed period caused by COVID-19, a sophisticated 
sample size or power calculation through similar studies in the past 
could not have been made in advance. 

This study found that practice time and pattern were related to 
musculoskeletal pain due to injury. We suggest implementing a 

plan to prevent musculoskeletal symptoms in dancers. First, as in-
creased practice time is an important cause of musculoskeletal 
symptoms, dance practice should be managed. After showing a lin-
ear “dose-response pattern” until a certain time, moderate pain was 
reported by 100% of dancers completing > 20 hours per week of 
practice, and severe pain was reported by 100% of dancers com-
pleting > 40 hours per week of practice. Thus, monitoring of mus-
culoskeletal symptoms is required in groups with long practice 
times. 

Second, based on these statistics, dance companies must contin-
uously monitor pain and symptoms while promoting training 
methods to reduce the burden on frequently injured areas. For ex-
ample, because single-person dynamic movement is often the 
cause of musculoskeletal symptoms, attention should be paid to 
damage and movements that are aesthetically excellent and have 
less impact on the body. Third, as more pain is experienced by 
dancers participating in regular practice than by those participating 
in individual practice (regardless of practice time), the increased 
risk of musculoskeletal injury sustained during regular practice 
should be recognized. Although the prevalence of musculoskeletal 
injury and pain among dancers is high, the tendency to recognize 
MSDs during practice as a stigma is still prevalent among dancers, 
preventing early diagnosis [36]. Therefore, similar to the screening 
programs for the early detection of musculoskeletal diseases, such 
programs could be helpful for dancers. Efforts have already been 
made to apply programs used by athletes to treat musculoskeletal 
symptoms and injuries in dancers [37], although they are still of-
ten poorly managed [38]. In the Republic of Korea, no program 
has been proposed to prevent musculoskeletal injuries in profes-
sional dancers. Therefore, it is necessary to develop an appropriate 
program suitable for the domestic environment and increase 
awareness to support the application of these programs. 

This study identified the prevalence and risk factors for muscu-
loskeletal pain in professional dancers. “Moderate” and “severe” 
pain showed the highest prevalence in the lower limbs. Single-per-
son dynamic movements caused the most injuries in all body re-
gions. Weekly practice time had a significant positive relationship 
with musculoskeletal pain, and regular professional practice in-
creased the risk of pain. Among the three dance styles, Korean tra-
ditional dancers were at the greatest risk of experiencing “severe” 
pain compared to modern dance. These results may be used for 
the future development of musculoskeletal injury prevention or 
monitoring programs for professional dancers. 
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