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ABSTRACT

Introduction: Basketball referees are the authorities responsible for ensuring that rules and regulations are
followed and for making decisions. The ability of referees to respond to the physical and physiological demands
imposed during the game is essential for good performance on the court. Objective: To understand the con-
text in which health problems faced by basketball referees occur and to outline the epidemiological profile
of musculoskeletal injuries. Methods: A prospective cohort study was conducted in which basketball referees
were evaluated using a standardized form. The participants were monitored online weekly for 12 weeks using
the Oslo Sports Trauma Research Center questionnaire to assess health problems, such as diseases (affecting
the respiratory, cardiovascular, digestive or neurological systems) or musculoskeletal injuries (acute or from
overuse). Results: The study sample consisted of 78 referees with a mean age of 36.5 (+9.8) years. Most referees
(97.4%) found it important to implement a preventive program. In relation to the health problems reported
during follow-up, there was an incidence rate of 23.7 injuries per 1000 hours of play (95% CI 19.5 - 27.9) and
the mean weekly prevalence of diseases was 3.2 (95% Cl 0.4 - 6.0) and of injuries was 17.4 (95% Cl 16.5 — 18.3).
Conclusion: Through this study, it was possible to conclude that there was an incidence rate of 23.7 injuries
per 1000 hours of play (95% CI 19.5 - 27.9) and a mean prevalence of diseases of 3.2 (95% CI 0.4 - 6.0) and mus-
culoskeletal injuries of 17.4 (95% Cl 16.5 - 18.3). The most common health problems that affected basketball
referees were musculoskeletal overuse injuries of the lower limbs. Level of evidence I; Prospective cohort study.

Keywords: Athletic injuries; Disease; Epidemiology; Sports.

RESUMO

Introdugdo: Os oficiais de quadra de basquetebol séo considerados autoridades oficiais responsdveis pelo com-
primento das regras e tomada de decisées. A capacidade de resposta dos oficiais as exigéncias fisicas e fisiologicas
impostas durante o jogo é fundamental para um bom desempenho em quadra. Objetivo: Compreender o contexto
pelo qual ocorrem os problemas de saude enfrentados por oficiais de quadra de basquetebol. E a partir disso, tracar
o perfilepidemioldgico de lesées musculoesqueléticas. Métodos: Estudo coorte prospectivo no qual foi realizado uma
avaliacao dos oficiais de quadra de basquetebol através de um instrumento de avaliacdo. Em sequida, foi realizado
0 acompanhamento semanal online por 12 semanas utilizando o questiondrio Oslo Sports Trauma Research Center
para avaliar os problemas de saude, sendo eles doengas (acometem sistema respiratcrio, cardiovascular, digestivo
ou neuroldgico) e lesbes musculoesqueléticas (agudas e sobrecarga). Resultados: A amostra foi composta de 78
oficiais de quadra com média de idade de 36,5 (+9,8) anos. A maioria dos oficiais (97,4%) consideram importante
a implementacdo de um programa preventivo. Em relacéo aos problemas de saude durante o acompanhamento,
houve uma taxa de incidéncia de 23,7 lesées a cada 1000 horas de jogo (IC 95% 19,5 - 27,9) e uma prevaléncia média
semanal de doengas foi de 3,2 (IC 95% 0,4 - 6,0) e de lesdes foi de 17,4 (IC 95% 16,5 - 18,3). Conclusdo: Por meio deste
estudo, foi possivel concluir que houve uma taxa de incidéncia de 23,7 lesées a cada 1000 horas de jogo (IC 95% 19,5
- 27,9) e prevaléncia média de doencas de 3,2 (IC 95% 0,4 - 6,0) e de lesées musculoesqueléticas de 17,4 (IC 95% 16,5
- 18,3). Os problemas de satde mais comuns que acometeram os oficiais de quadra de basquetebol foram as lesées
musculoesqueléticas por sobrecarga em membros inferiores. Nivel de evidéncia I; Estudo de coorte prospectivo.

Descritores: Traumatismos em atletas; Doenca; Epidemiologia; Esportes

RESUMEN

Introduccién: Los drbitros de baloncesto son las autoridades responsables por garantizar que las reglas y los regla-
mentos sean cumplidos y por la toma de decisiones. La capacidad de respuesta de los drbitros a las demandas fisicas
yfisioldgicas impuestas durante el juego es fundamental para un buen desempeio en campo. Objetivo: Comprender
el contexto en el que ocurren los problemas de salud de los drbitros de baloncesto y trazar el perfil epidemiolégico
de las lesiones musculoesqueléticas. Métodos: Fue realizado un estudio de cohorte prospectivo en el que los drbitros
de baloncesto fueron evaluados por medio de un formulario estandarizado. Los participantes fueron monitorizados
semanalmente en linea durante 12 semanas, usdandose el cuestionario de Oslo Sports Trauma Research Center para
evaluar los problemas de salud, como enfermedades (que afectan a los sistemas respiratorio, cardiovascular, digestivo
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0 neurolégico) o lesiones musculoesqueléticas (agudas o por sobrecarga). Resultados: La muestra del estudio fue
compuesta por 78 drbitros con promedio de edad de 36,5 (+ 9,8) arios. La mayoria de los drbitros (97,4%) considerd
importanteimplementar un programa preventivo. Con relacion a los problemas de salud durante el acomparfiamiento,
hubo incidencia de 23,7 lesiones a cada 1000 horas de juego (IC 95%: 19,5 - 27,9) y la prevalencia promedio semanal
de enfermedades fue de 3,2 (IC 95% 0,4 - 6,0) y de lesiones, 17,4 (IC 95% 16,5 - 18,3). Conclusion: Por medio de este
estudio, fue posible concluir que hubo una tasa de incidencia de 23,7 lesiones a cada 1000 horas de juego (IC 95%:
19,5 - 27,9), y prevalencia promedio de enfermedades de 3,2 (IC 95% 0,4 - 6,0) y de lesiones musculoesqueléticas de
17,4 (IC 95% 16,5 - 18,3). Los problemas de salud mds comunes que acometieron a los drbitros de baloncesto fueron
las lesiones musculoesqueléticas de los miembros inferiores. Nivel de evidencia I, Estudio de cohorte prospectivo.

Descriptores: Traumatismos en atletas; Enfermedad; Epidemiologia; Deportes.
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INTRODUCTION

Basketball is considered one of the most popular sports in the world.!
The basketball game is conducted by court referees, table referees and
a commissioner? Basketball referees include a lead referee and one or
two umpires, who are the considered responsible for ensuring that rules
and regulations, making decisions about rule violations committed, and
maintaining the spirit of the game.>*

Their duties during a basketball game require them to move in
different speeds and directions in order to position themselves properly
on the court>“Their ability to respond to the physical and physiological
demands imposed by a game is essential for good performance on the
court* A group of basketball referees’ heart rates was measured during
a championship and found to be an >150 beats per minute.?

Referees are also faced with high psychological demands, with acute
stress during the games, due mainly to situations they report as stressful,
such as“making an error’,"aggressive coach or player reactions’,and “the
presence of important people”® This means that it is quite possible to
declare that the stress levels can be related to the risk of musculoskeletal
injuries in sport.”

Despite the benefits derived from sports, practitioners are subject
to musculoskeletal injuries.®® As there is a scarcity in the literature of
studies carried out in basketball referees, we can observe the main
musculoskeletal injuries that affect basketball players are injured
in the lower limbs (63.7%),2 with mean costs of up to $ 7,011 for
the treatment.?

Recent studies address the importance to understand the context of
sports injuries (personal, sociocultural and environmental).'"'? Although
asportsinjury in the biomedical perspective it is the same type of injury,
with similar tissue damage and clinical prognosis, when considering
the context in which each individual fits, the same injury can have
different implications.'” Given the complex nature of sports injuries, a
more elucidated understanding of the problem is needed, which can
be measured using qualitative research methods.''?

Objective

To understand the context in which health problems faced by bas-
ketball referees occur, such as diseases or musculoskeletal injuries and
their respective complaints. And from the results obtained, outline the
epidemiological profile of musculoskeletal injuries in this population.

METHODS
Study design

This prospective study was previously approved by the Ethics
and Research Committee of the Universidade Federal de Sdo Paulo
(CAAE: 91116818.3.0000.5505). All participants signed voluntary
informed consent form.
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Participants

Among the eligibility criteria, basketball referees registered in Federa-
¢do Paulista de Basketball present at the physical and theoretical annual
test, both sexes, over the age of 18 and with a minimum practice time of
one year as referees were included. Referees who refused to participate
in the study were not included, and those who refused to remain in the
study during the follow-up period were excluded.

Evaluation

Data collection was carried out in February 2019, and the referees
were contextualized using standardized evaluation form structured by the
authors based in the literature.>"* The evaluation was self-administered
performed using a standardized form, addressing: (i) personal data and
history of refereeing, (ii) history of diseases and musculoskeletal injuries
in the last 12 weeks, (iii) prevention of injuries, and (iv) characteristics
of a preventive program.

After the initial evaluation, a weekly follow-up was then conducted
online for a period of 12 weeks to assess the basketball referees'health
issues. The health problems were reported with the Oslo Sports Trau-
ma Research Center (OSTRC) assessment tool, which records health
problems using four questions addressing: (i) sports participation, (ii)
training volume, (iii) sports performance, and (iv) injury or diseases
symptoms.'*!> The instrument has a severity score, that can be used
as an objective measure of the consequences of injuries and to monitor
injury evolution, ranging from 0 (absence of problems) to 100 (maximum
severity level) points.™'

If the OSTRC resulted in a score greater than zero, the participants
self-reported if the health problem to which they referred was a disease
orinjury.*1>The participants defined the area of the body, the type, and
the moment of injury, or then, the symptoms disease. For both health
problems, respondents specified the number of days missed, the intensity
of the symptoms,'® whether the health problem had been previously
recorded, and necessity to seek health care, and their respective costs.”

The health problems were classified as disease if they involved other
body systems (respiratory, cardiovascular, digestive or neurological
system) and the injuries were subcategorized into acute (onset can be
linked to a specific and identifiable injury event) and overuse (do not
have a clearly identifiable injury event) injuries.’

Study size

Due to the scarcity of studies that evaluated musculoskeletal injuries
in basketball referees, it was not possible to perform the sample calcu-
lation and, therefore, a sample was collected for convenience. However,
considering the mean prevalence of health problems of basketball refe-
rees obtained during the follow up in the order of 20.6 (95% Cl 18.6-21.2),
we highlight a sample error of 1.3%.
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Data analysis

All data analysis were performed on SPSS 20.0 software. Participant
characteristics were first explored through descriptive analysis, and a
histogram inspection was performed to check assumptions of data
normality. Continuous variables with a normal distribution were summa-
rized with means and standard deviations and categorical variables were
presented in percentages and frequencies.

The incidence rate and their respective 95% confidence interval (Cl)
was calculated for the analysis of new musculoskeletal injuries, which
consists of the number of new injuries by the person-time exposure
measurement until the injury was identified (for not injured participants,
the time of exposure was 12 weeks of follow-up).

The mean prevalence was calculated for health problems reported
during the follow-up weeks. For this calculation, the number of referees
reporting any health problem was divided by the number of referees
responding to the instrument in the respective week, thereby normalized
by the time of exposure®

The mean prevalence of substantial health problems was also cal-
culated. Substantial health problems were defined as problems leading
to a moderate reduction, severe reduction, or complete incapacity to
participate in typical training volume and performance (score of 2, 3,
or 4 on questions 2 and 3)."” The severity score and the mean preva-
lence of health problems were presented in means, together with their
associated 95% Cl.

For cost analysis, the costs related to medical consultations, phy-
siotherapy and massage sessions, medications and medical devices
were considered as direct costs, which are presented in mean (Reais)
and standard deviation or minimum and maximum value. And the
indirect costs related to absenteeism at work or physical preparation
were reported only the mean and standard deviation of the days missed.

RESULTS

In Table 1, we can observe personal data and history of refereeing
of 78 referees included in this study.

Among the participants, 21 (26.9%) reported having suffered some
kind of musculoskeletal injury in the last 12 weeks; five of these referees
reported two injuries in that same time period, leading to a total of 26
injuries. In Table 2, we can observe injury prevalence and their costs in
the 12 weeks prior to the initial evaluation.

All participants were asked about their understanding and what
they do to prevent injuries, whether they consider themselves impor-
tant and whether they already have a preventive program for referees,
as can be seen in Table 3.

InTable 4, the referees reported which characteristics they considered
ideal for the implementation of a preventive program.

Among the referees, two participants did not answer a single ins-
trument during the follow-up, which resulted in a dropout rate of 2.5%,
however they were not excluded from the analysis. The response rate
had a mean of 72.9%, which means that each participant returned about
9 out of 12 weekly questionnaires.

During the follow-up, we can observe an incidence rate of 23.7
injuries per 1000 hours of play (95% CI 19.5 - 27.9). In relation the mean
weekly prevalence, the musculoskeletal injuries was higher than disea-
ses. (Table 5)

During the follow-up period, the referees had an exposure time
of 2,312 hours of games, with a mean of 3.5 (+1.2) matches per week.
Among the reported injuries, 71 (58.7%) injuries occurring during the
matches, 38 injuries (31.4%) during physical preparation, 8 (6.6%) during
activities of daily living, and 4 (3.3%) while practicing another sport for
recreation. Among the reported injuries, 68 (56.2%) of the participants
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Table 1. Sample characterization (N=78).

Variables N (%)
Sex
Male 66 (84.6%)
Female 12 (15.4%)
Age (years)* 36.5 (+9.8)
Body mass index* 255 (£3.2)
Dominance
Right 72 (92.3%)
Left 6 (7.7%)
Profession (except referee)
Physical education professional 19 (24.4%)
Teacher 12 (15.4%)
Autonomous 6 (7.7%)
Others 41 (52.5%)
Work time per week (hours)* 335 (+124)
Practice time as referees (years)* 11.8 (£9.6)
Basketball matches per month* 174 (£13.7)
Physical preparation (N=64) 64 (82.1%)
Bodybuilding 40 (51.3%)
Running 21 (26.9%)
Others 3 (3.9%)
Practice time per week (hours)* 6.3 (+3.0)
Sport (N=42) 42 (53.8%)
Basketball 33 (42.3%)
Cycling 2 (2.6%)
Others 5(11.9%)
Practice time per week (hours)* 49 (+2.8)
Associated diseases (N=6) 6 (7.7%)
Systemic arterial hypertension 5 (83.3%)
Diabetes Mellitus 1(16.7%)
Health insurance 37 (47.4%)
Health assistence by basketball organization 0 (0%)
*Mean (standard deviation).
Table 2. Injury prevalence in the last 12 weeks (N=78).
Variables N (%)
Injury prevalence (last 12 weeks) 21 (26.9%)
Injury area (N=26)
Knee 7 (26.9%)
Triceps surae 6 (23.1%)
Ankle 3 (11.5%)
Others 10 (38.5%)
Injury type (N=26)
Tendinopathy 8 (30.8%)
Anterior knee pain 5(19.2%)
Muscle injury 5(19.2%)
Sprain 3(11.6%)
Others 5(19.2%)

Moment of injury (N=26)

Physical preparation 17 (65.4%)
Arbitrament 9 (34.6%)
Complaints (N=17) 17 (21.8%)
Pain 12 (70.6%)
Edema 2 (11.8%)
Instability 2 (11.8%)
Others 1 (5.8%)
Training volume reduction 16 (76.2%)
Absence from arbitrament/ physical preparation 5 (23.8%)
Time (days)* 53 (£74.8)
Absence from work 2 (9.52%)
Time (days)* 105 (+134)
Treatment (N=14) 14 (66.7%)
Medical 4 (28.6%)
Physiotherapy 4 (28.6%)
Medical and physiotherapy 6 (42.8%)
Cost (R$)* 964.63 (35.00 — 4,000.00)

*Mean (standard deviation); "Mean (minimum and maximum values).
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Table 3. Knowledge and health support (N=78).

Variables N (%)
Modifications to improve health condition
Physical preparation 30 (38.4%)
Monitoring with specialized professionals 13 (16.7%)
Nutrition 11 (14.1%)
Others 6 (7.7%)
Nothing to modify 18 (23.1%)
Enough knowledge on preventing injuries 29 (37.2%)
Behavior to preventing injuries
Physical preparation 43 (55.2%)
Heating and stretching 20 (25.6%)
Nutrition 4 (5.1%)
Others 2 (2.6%)
Nothing to prevent injuries 9 (11.5%)
Basketball organization has a preventive program 0 (0%)
Implementation of a preventive program 76 (97.4%)
Table 4. Injury prevention program characteristics (N=76).
Variables N (%)
Moment
Before physical preparation/ game 68 (89.5%)
After physical preparation/ game 8(10.5%)
Frequency
Once a week 7 (9.2%)
Twice a week 35 (46%)
Three times a week 34 (44.8%)
Time
10 minutes 5 (6.6%)
15 minutes 17 (22.4%)
20 minutes 35 (46%)
30 minutes 19 (25%)
Professional to design the program
Physiotherapist 52 (68.4%)
Physical education professional 19 (25%)
Alone 5 (6.6%)
Access to program
Smartphone app 51(67.1%)
Online/website 24 (31.6%)
Flyer/poster 1(1.3%)

Table 5. Mean weekly prevalence of health problems.

Health problems Mean (Cl 95%)
Health problems 19,4 (18,6 -20,2)
Disease 204 -6,0)
Injury 174065 18,3)
Acute 3(43-62)
Overuse WZW(HW 13,1)
Substantial health problems 8(38-59)
Disease 0,9 (01-198)
Injury 39(28-49)
Acute 1,3(08-198)
QOveruse 26(1,26-39)

did not seek professional medical care, 35 (28.9%) referees sought a
doctor, and 18 (14.9%) referees sought a physiotherapist. The mean
cost of participants with health problems was RS 30.30 (+11.2), and 40
(33.1%) participants used medication.

Throughout the 12 weeks of follow-up, the mean weekly prevalence
of injuries [17.4 (95% Cl 16.5 - 18.3)] was higher than the mean weekly
prevalence of diseases [3.2 (95% Cl 0.4 - 6.0)]. (Figure 1) Overuse injuries
[12.1(11.1 = 13.1)] were more prevalent than acute injuries [5.3 (95% Cl
4.3 - 6.2)] in most weeks, as can be seen in Figure 2.
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In relation to substantial health problems, the mean weekly preva-
lence of injuries [3.9 (95% Cl 2.8 - 4.9)] was higher than diseases [0.9 (95%
C1-0.1-1.8)] in most weeks. (Figure 3) Despite the variation in the type
of injuries, overuse injuries [2.6 (95% Cl 1.26 - 3.9)] were more prevalent
than acute injuries [1.3 (95% C1 0.8 - 1.8)], as seen in Figure 4.

The health problems had a mean of 30.5 (95% C129.3 - 31.6) on the
severity score, while the substantial health problems had a mean of
29.3(95% (I 28.1 - 30.5), as can be observed in more detail in Figure 5.

Injury duration mapping is also a way to measure the severity of
musculoskeletal injuries. Table 6 shows how the majority of both acute
and overuse injuries were defined as mild, with only one to three days
of missed training/work.

DISCUSSION

To the best of our knowledge of the current literature, this is the first
prospective study to measure the prevalence of basketball referees’health
issues. The present study initially evaluated 78 basketball referees, with
mean weekly prevalence of diseases was 3.2 (95% Cl 0.4 - 6.0), and the
mean weekly prevalence of musculoskeletal injuries was 17.4 (95% Cl
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Figure 1. Mean weekly prevalence of health problems during the follow up measured
using the OSTRC instrument.
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Figure 2. Mean weekly prevalence of injuries type during the follow up measured using
the OSTRC instrument.
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Figure 3. Mean weekly prevalence of substantial health problems during the follow up
measured using the OSTRC instrument.
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Figure 4. Mean weekly prevalence of injuries type (substantial health problems) during
the follow up measured using the OSTRC instrument.
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Figure 5. Severity score (0 to 100 points) during the follow up measured using the
OSTRC instrument.

Table 6. Location and time lost due to severity of injuries.

e Minimum Mild Moderate | Severe Total
(1-3 days) | (4-7 days) |(8-28 days)| (>28 days)
Acute injuries
Thigh 2 0 0 0 2
Knee 2 0 0 0 2
Ankle 6 2 0 0 8
Low back 5 1 0 0 6
Calf 1 0 1 0 2
Overuse injuries
Shoulder 2 0 0 0 2
Forearm 2 0 0 0 2
Hip/ groin 5 0 1 0 6
Thigh 1 0 0 0 1
Knee 9 2 0 0 11
Ankle 1 0 0 0 1
Foot 2 0 1 0 3
Low back 1 0 0 0 1
Achilles tendon 9 0 0 0 9
Total 48 5 3 0 56

16.5 - 18.3), with acute injuries primarily affecting the ankle and overuse
injuries primarily affecting the knee.

The results of a study conducted with soccer referees from Sao
Paulo showed that referees have a longer recovery time from muscle
injury than athletes, inferring that athletes receive better attention and
health care."” This goes against the results obtained in our study that
show that—in our country— basketball organizations do not provide
professionals with health insurance plans. Referees were also unanimous
in reporting a complete lack of formal guidance or education in ways
for them to prevent musculoskeletal injuries.

As previously seen in athletes,'® the implementation of a injury
prevention program for referees helps to minimize the incidence of
musculoskeletal injuries.'”? The identification and early intervention
of musculoskeletal injuries can prevent an injury from getting worse,

Rev Bras Med Esporte - Vol. 27, N2 2 — Abr/Jun, 2021

generating worse consequences social, economic, health and sports
participation and professional,? but despite being elucidated in the
literature, basketball referees from the state of S&o Paulo carry out injury
prevention on a voluntary and independent way
Currently, injuries are commonly operationalized in the literature as the
need to seek medical attention or time missed from sports activities.” Howe-
ver, this s a reality that does not match the referee population, since, unlike
athletes, referees do not have a medical team at their disposal. Moreover,
when considering the time away from sports, referees do not play daily. In
addition, probably due to financial need milder injuries do not lead to time
loss, since brazilian referees are paid according to the number of games
played, which can contribute to an underestimated number of injuries.
The severity score provides an overview of the injury’s evolution over
time and also differentiates the periods of higher and lower severity.>'*
On a range from 0 to 100 points,™* health problems in our study had an
mean of 30.5 (29.3 - 31.6). Therefore, we can conclude that most basketball
referees have weightless injuries and few missed days (most of them ran-
ging between 1 to 3 missed days). However, according to the literature,
weightless injuries in sports are reported to be more frequent and can,
therefore, be a more widespread problem.? Indeed, we found that health
problems had a mean weekly prevalence of 20.6 (95% Cl 186 - 21.2), while
substantial health problems that led to a reduction in training volume and
performance had a lower mean weekly prevalence of 4.8 (95% Cl 3.8-5.9).
To date, few studies in the literature have evaluated health problems
in basketball referees. Our results are similar to studies with soccer referees,
with musculoskeletal injuries being more prevalent in lower limbs.202 A
prospective study with Premier Football League referees found an incidence
rate of 5.75 injuries per 1000 hours,” while a prospective study with 2006
FIFA World Cup referees, showed an incidence of 20.8 injuries per 1000
hours,?" that are similar to our study with incidence rate of 23.7 injuries
per 1000 hours of play (95% CI 19.5 - 27.9). When comparing the moment
of injury, the injuries with Premier Football League referees occurred
more frequently during football matches,?® while FIFAWorld Cup referees
showed a greater number of injuries in physical preparation,”’ however,
in our study there was a divergence at the moment of injury, in the initial
evaluation there was greater report of injuries during physical preparation,
and in the follow-up there was greater report of injuries during the match.
The principal strength of this article is that it is the first published
article in the literature describing a prospective study on the health
problems of basketball referees. The principal limitation of the study is
that it was accomplished in the state of S&o Paulo, therefore must be
taken when extrapolating the data to basketball referees residing in other
regions or countries, and there was also a period of seasonality, as the
initial assessment of the participants was carried out at the beginning of
the basketball season. For future studies, it is suggested that basketball
referees from different states and countries.

CONCLUSION

Through this study, it was possible to conclude that the basketball
referees do not have health policies developed for this population.
Regarding health problems, there was an incidence rate of 23.7 injuries
per 1000 hours of play (95% CI 19.5 - 27.9) and a mean prevalence of
disease of 3.2 (95% C1 0.4 - 6.0) and musculoskeletal injuries of 17.4 (95%
Cl16.5-1823), being that overuse injuries were more prevalent [12.1 (95%
CI'11.1 - 13.1)] than acute injuries [5.3 (95% Cl 4.3 - 6.2)]. Therefore, the
most common health problems that affected basketball referees were
musculoskeletal overuse injuries in the lower limbs.

All authors declare no potential conflict of interest related to this article
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