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Purpose: This study aimed to analyze the distribution, incidence, and high-risk technical phases of pain among rowers aged 12-24 in China.
Methods: In 2024, a retrospective questionnaire survey was performed among 207 rowers. The questionnaire comprised four
sections: (1) basic information; (2) rowing-related injury sites over the past year; (3) rowing-related pain sites over the past year;
and (4) body locations of pain during rowing strokes in the past year and the specific technical phase when pain occurred. Pain was
defined as any painful physical discomfort occurring while maintaining athletic capability. Rowing-related pain rate was standardized
to rates per 1000 training sessions and per 1000 training hours, calculated using the Poisson distribution based on sex.

Results: The overall pain rate was 24.2%, with 118 reported pain instances. The most common site was the lower back (16.1%),
followed by the thigh and shoulder joint. The pain rate per 1000 training sessions was 1.94 (95% CI: 1.59-2.29), and per 1000 training
hours was 0.41 (95% CI: 0.34-0.49). Both lower back and knee pain were significantly associated with the risk of shoulder pain.
During rowing, approximately half of the athletes reported lower back pain, predominantly occurring during the drive phase.
Conclusion: Approximately one-quarter of Chinese rowers experienced pain during training, with low back pain being the most
commonly reported. Both lower back and knee pain are significantly associated with shoulder pain risk; and pain during rowing most
frequently occurs in the drive phase. This study provides a theoretical basis for enhancing early injury prevention, optimizing athletic
performance, and guiding.
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Introduction
Sports injuries are common among adolescents who engage in long-term sports training. With the increasing competi-
tiveness in elite sports, young athletes are subjected to high-intensity training at an early age, significantly raising their
risk of overuse injuries and sports burnout.' Studies indicate that injury risk escalates with age and competitive level,”
and many severe injuries in elite athletes often stem from cumulative microtraumas sustained during adolescence period.’
Rowing is a highly demanding endurance sport that requires exceptional physiological and psychological capabilities.
Research has shown that rowers possess the most outstanding aerobic capacity among endurance athletes, frequently
pushing human physiological and psychological limits.* As a cyclic sport, the rowing stroke comprises four phases: catch
phase, drive phase, finish phase, and recovery phase.’ The unique mechanical transmission patterns and repetitive flexion-
extension actions in rowing can cause cumulative microtrauma to specific fascial layers with nerve supply, thereby
increasing athletes’ risk of pain and injury.®’ Studies show that 33.4-38.2% of elite rowers experience at least one sports
injury during their careers,®® with the lower back and knees being the most affected areas.® !! Statistics indicate an injury
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rate of 1.75-2.25 cases per 1000 training sessions among elite rowers, while the injury rate per 1000 hours of training

exposure is 3.67 cases.'?
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Currently, rowing athletes (including para-rowers) commonly face issues with pain and injuries. Research indicates that
some elite rowers have even been forced to withdraw from competitions due to injuries, with postoperative recovery periods
lasting up to eight months.'*'* We note that in sports such as badminton and baseball, pain has been established as an early
biomarker of tissue micro-damage. By advancing injury prevention strategies to focus on pain management, athlete injury risk
can be further reduced. Although the epidemiological characteristics of rowing injuries are now well-defined, current research
predominantly focuses on post-injury interventions, with insufficient attention given to pre-injury pain warning signals.'>'®

To ensure athletes’ long-term pain-free and injury-free participation in training, the development of scientific prevention
plans remains essential. Prior to formulating prevention strategies, comprehensive epidemiological data collection across
different age groups is imperative. However, research on pain in rowers is limited, and there is a lack of epidemiological
studies on pain among Chinese rowers. Therefore, this study focuses on Chinese rowing athletes, investigating their pain
distribution patterns, incidence, and the technical phases most frequently associated with pain occurrence, while also
analyzing pain differences between male and female athletes. The research aims to enhance athletic performance,
effectively extend athletes’ professional careers, and provide theoretical support for scientific training methodologies.

Materials and Methods

In 2024, a retrospective study was performed aimed at investigating the prevalence of physical pain among rowing
athletes nationwide. The study employed a random convenience sampling method. With the support and consent of
coaches from various provinces and cities, and on the basis of voluntary participation from the athletes themselves,
questionnaires were distributed using online surveys and Email to athletes from provincial rowing teams (eg, Hebei,
Hunan, Sichuan) and municipal rowing training centers (eg, Shijiazhuang, Yueyang, Zhuzhou, Leshan). The research
protocol was reviewed and approved by the Institutional Ethics Board of Tongji Medical College, Huazhong University
of Science and Technology, China (Notification Number [2023] IEC (S172)). The study strictly adhered to the ethical
guidelines of the Declaration of Helsinki. All adult participants signed informed consent forms, while minors provided
consent through their guardians. Rowing athletes inclusion criteria were as follows: 1) >1 year of rowing training; 2)
participation in at least one district-level or higher competition; 3) complete questionnaire data without logical incon-
sistencies. Questionnaires with anomalies or missing values were excluded.

The questionnaire was adapted from past studies'®"'

and comprised of four sections: The first section collected basic
parameters, including sex, age, weight, height, years of rowing training experience, training hours per day, and training
days per week. The second section investigated rowing-related injury sites over the past 12 months: chest, shoulder,
elbow, wrist, upper arm, forearm, lower back, thigh, knee, calf, ankle, foot, and other sites. The third section investigated
rowing-related pain sites over the past 12 months (pain at the anatomical site identical to the injury). The fourth section
examined pain sites during rowing strokes over the past 12 months: shoulder, wrist, lower back, knee, ankle, and other
areas, along with the technical phases associated with pain occurrence (catch phase, drive phase, finish phase, recovery

phase), Please see Appendix 1 for the detailed content of the questionnaire.

Definitions

In this study, we adopted the International Olympic Committee’s criteria for defining sports injury/pain to maintain
consistency and enable comparisons with data from other studies.'” Pain was defined as any painful physical discomfort
(localized soreness or pain, with or without referred pain) under the premise of retained athletic ability, meeting the
following criteria: 1) ability to continue the current rowing training session or competition; 2) no time loss, allowing
immediate participation in the next rowing training or competition; 3) no need for medical care during or after rowing
training or competition.'® Sports injury was defined as physical discomfort during training or competition meeting any of
the following three criteria: 1) unable to complete the current training or competition; 2) unable to participate in subsequent
training or competition; 3) injury requiring medical care, regardless of time loss.'” Pain episodes coinciding with injuries at
the same anatomical site were excluded. Each instance of pain experienced by an athlete is considered a statistically
independent event, with the incidence of pain calculated based on the total number of pain events rather than the number of
athletes, while excluding simultaneous pain episodes associated with injuries to the same anatomical site.
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Statistical Analysis

The normality of baseline parameters was examined by the Shapiro—Wilk test. Height followed a normal distribution,
whereas age, weight, body mass index (BMI), years of rowing training experience, training hours per day, training days
per week, training hours per week, and annual training hours did not. Participants were divided into male and female
groups. Independent samples t-test and non-parametric tests were employed to statistically analyze baseline parameters
between groups (male group, female group). Pain rates per 1000 training sessions and per 1000 training hours were
calculated using the Poisson distribution, along with 95% confidence intervals (CI). A training hour was defined as
one hour of training participation, and a training session was defined as one day of training participation. The time spent
on the warm-up and cool-down practices was not considered as training time. Pain rates during rowing training were
computed as follows:

pain rate per 1000 training sessions = {)_ (total number of pain)/’ [(training days per participant per week
x weeks per participant one year)]} x 1000;

painrate per 1000h = { ) (total number of pain)/ Y [(training hours per participant per day
x training days per participant per week x weeks per participant one year)]} x 1000.

The denominators for pain rate calculations represented the total training time or sessions across all participants. If the
95% Cls did not overlap, the pain rates per 1000 training hours and sessions were considered significantly different
between groups.

In this study, logistic regression analysis was employed, and three models were constructed: the crude model, Model 1,
and Model 2, to gradually exclude potential confounding factors. For covariate selection, the variance inflation factor (VIF)
was used to determine variable inclusion and exclusion, aiming to identify possible multicollinearity among variables. If the
VIF value of a variable reached or exceeded 10, multicollinearity was considered to exist, and only one of the collinear
variables was retained in the model. In statistical analyses, a p-value <0.05 was deemed statistically significant. The
statistical analysis in this study was performed by an author (H.M).

Results

A total of 228 rowing athletes were recruited for this study, and 207 were finally included after screening. All the
participants were grouped by sex, with 134 players in the male group and 73 players in the female group (Table 1).
Significant differences were observed between the male and female groups in age (p = 0.025), height (p < 0.001), weight
(p < 0.001), and BMI (p < 0.001) (Table 1).

Table | Basic Parameters of Rowing Athletes by Sex and Age

Variable Male (n=134) | Female (n=73) | Total (n=207)
Age (yrs) 17.1 £2.6 16.3 £ 2.6% 168 £ 2.7
Height (cm) 1863 £ 7.7 1733 £ 7.2%%% 181.7 £ 9.7
Weight (kg) 814+ 188 64.9 + 9.7% %% 75.6 £ 18.0
BMI (kg/m?) 233 £ 47 21.5 £ 2.2%%% 22.7 £ 4.1
Training years of experience 32+22 28 +20 3.0+ 21
Training hours daily 47 +23 45+ 19 46 +22
Training days weekly 6.1 £ 1.1 62+ 1.0 6.1 £ 1.1
Training hours weekly 288 + 15.1 284 + 132 286 + 144
Training sessions a year 291.0 + 524 2982 + 46.6 293.6 = 50.5
Training hours a year 1380.1 + 723.3 1363.5 + 635.4 13742 + 692.1
Total training sessions a year 39000 21768 60768
Total training hours a year 184932 99532.8 284464.8

Notes: BMI: body mass index, calculated by height and weight. *p-value < 0.05, *3*3%p-value < 0.001,
between the male group and the female group.
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Among all participants, the overall pain incidence was 24.2%, with 50 participants reporting 118 rowing-related pain cases.
Most participants experienced multi-site pain. The pain incidence was 28.4% in males, with 38 male participants reporting 82
rowing-related pain cases; in females, the rate was 16.4%, with 12 female participants reporting 36 rowing-related pain cases.

Regarding anatomical sites, the highest pain incidence occurred in the lower back (19 cases; 16.1%), followed by the
thigh (15 cases; 12.7%) and shoulder (14 cases; 11.9%). Among male participants, the most common pain sites were the
lower back (14 cases; 17.1%), knee (12 cases; 14.6%), and thigh (10 cases; 12.2%). Female participants exhibited the
shoulder, wrist, lower back, thigh, and calf each reporting 5 pain cases, all accounting for 13.9% (Table 2).

Figure 1A and B show the overall rowing-related pain rates per 1000 training sessions and per 1000 training hours stratified
by sex. The pain rate per 1000 training sessions was 1.94 (95% CI: 1.59-2.29), and the pain rate per 1000 training hours was
0.41 (95% CI: 0.34-0.49). Among male rowers, the pain rate per 1000 training sessions was 2.10 (95% CI: 1.65-2.56), and per
1000 training hours was 0.44 (95% CI: 0.35-0.54). For female rowers, the pain rate per 1000 training sessions was 1.65 (95%
CIL: 1.11-2.19), and per 1000 training hours was 0.36 (95% CI: 0.24-0.48) (Figure 1).

Through collinearity diagnostics, it was found that 5 variables in Model 1 presented collinearity. After removing the
variable with the highest VIF, body weight (VIF = 202.48), the VIF values of the remaining 4 variables were all less than
5. In Model 2, 8 variables exhibited collinearity. After removing the variable with the highest VIF, weekly training
duration (VIF = 41.94), the VIF values of the remaining 7 variables were all less than 5. Therefore, the variables in
Model 1 were gender, age, height, and BMI, while the variables in Model 2 were gender, age, height, BMI, years of
training, duration per training session, and frequency of training per week.

The results revealed that both lower back and knee pain were significantly associated with shoulder pain risk. In the
crude analysis, participants with lower back pain had a 7.10-fold higher risk of shoulder pain (95% CI: 2.10-24.09,
p=0.002) compared to those without lower back pain, while participants with knee pain had an 8.18-fold higher risk (95%
CI: 2.14-31.19, p=0.002). In Model 1, these associations remained stable or strengthened, with the OR for lower back
pain increasing to 7.90 (95% CI: 2.26-27.63, p=0.001) and the OR for knee pain rising to 9.86 (95% CI: 2.3541.41,
p=0.002). In Model 2, the impact of knee pain on shoulder pain became particularly pronounced, with the OR sharply
increasing to 13.74 (95% CI: 2.84-66.50, p=0.001), while the OR for lower back pain remained elevated at 8.55 (95%
CI: 2.18-33.45, p=0.002). No correlation was observed between lower back pain and knee pain (Table 3).

Among all participants, the overall pain incidence during water-based training was 30.9%, with 64 participants
reporting 89 rowing-related pain cases. Most participants experienced multi-site pain. The pain incidence was 27.6% in
males, with 37 male participants reporting 44 water-based training-related pain cases; in females, the rate was 37.0%,
with 27 female participants reporting 45 water-based training-related pain cases (Figure 2).

Regarding anatomical sites, the highest pain incidence during water-based rowing training occurred in the lower back
(43 cases; 48.3%), followed by the knee (17 cases; 19.1%) and shoulder (16 cases; 18.0%). Among male participants, the

Table 2 Pain Distribution by Anatomical Site

Site Male (n = 134) | Female (n = 73) | Total (n = 207)
Chest 5 (6.1%) 0 (0.0%) 5 (4.2%)
Shoulder 9 (11.0%) 5 (13.9%) 14 (11.9%)
Elbow 4 (4.9%) 0 (0.0%) 4 (3.4%)
Wrist 4 (4.9%) 5 (13.9%) 9 (7.6%)
Upper arm 7 (8.5%) 4 (11.1%) 11 (9.3%)
Forearm 4 (4.9%) 3 (8.3%) 7 (5.9%)
Lower back 14 (17.1%) 5 (13.9%) 19 (16.1%)
Thigh 10 (12.2%) 5 (13.9%) 15 (12.7%)
Knee 12 (14.6%) | (2.8%) 13 (11.0%)
Calf 3 (3.7%) 5 (13.9%) 8 (6.8%)
Ankle 4 (4.9%) | (2.8%) 5 (4.2%)
Foot 2 (2.4%) | (2.8%) 3 (2.5%)
Other 4 (4.9%) | (2.8%) 5 (4.2%)
Total 82 (100.0%) 36 (100.0%) 118 (100.0%)
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Figure | (A) Incidence of pain per 1000 training sessions in rowing athletes. (B) Incidence of pain per 1000 training hours in rowing athletes (The error bars represent 95% ClI).

most common pain sites were the lower back (27 cases; 61.4%), knee (7 cases; 15.9%), and shoulder (6 cases; 13.6%);
among female participants, the most common pain sites were the lower back (16 cases; 35.6%), knee (10 cases; 22.2%),
and shoulder (10 cases; 22.2%) (Table 4).

Table 5 displays the technical phases of rowing strokes linked to pain during water-based training, stratified by sex.
The drive phase accounted for the highest proportion of pain reports 69.7% overall (males:65.9%, females:73.3%), while
other phases (Catch phase, Finish phase and Recovery phase) showed significantly lower proportions (Table 5).

Discussion

To the best of our knowledge, this study may be the first epidemiological investigation of pain characteristics among rowers.
Some unique and vital findings were found: one-quarter of participants experienced at least one rowing-related pain. The
highest incidence occurred in the lower back, followed by the thigh and shoulder. Both lower back and knee pain were
significantly associated with shoulder pain. Further analysis of sport-specific training contexts showed that during water-based
training, the overall pain incidence reached 30.9%, with the lower back being the most frequent site (48.3%), followed by the
knee (19.1%) and shoulder (18.0%). Pain predominantly occurred during the drive phase (69.7%).

This study analyzed the epidemiological features of rowing-related pain. Given the scarcity of pain-focused epidemiolo-
gical research in this field, we compared our findings with existing data on rowing injuries. Regarding anatomical sites, prior
injury studies reported lower back injury incidences of 31.8-32.3% and knee injury incidences of 14.2%—18.8%.%%'" Among
male rowers, lower back injuries (31.8-34.7%) were most common, followed by knee (12.6-19.6%) and arm/wrist injuries
(15.2%).%%'° Female rowers most frequently experienced lower back injuries 29.9%—33.3%, followed by shoulder 25.9% and
knee injuries 16.9%—17.6%.%%'? Our study identified the lower back as the most common pain site (16.1%), followed by the
thigh (12.7%) and shoulder (11.9%). In males, the predominant pain sites were the lower back (17.1%), knee (14.6%), and

Table 3 Logistic Regression Analysis of the Low Back and Knee in Relation to Shoulder Joint Pain

Crude Model | Model 2

OR 95% CI p-value | OR 95% ClI p-value | OR 95% CI p-value

Lower back | 7.10 | 2.10-24.09 0.002 7.90 | 2.26-27.63 0.001 855 | 2.18-33.45 0.002
Knee 8.18 | 2.14-31.19 0.002 9.86 | 2.35-41.4I 0.002 13.74 | 2.84-66.50 | 0.001

Notes: Crude was the unadjusted model; Model | adjusted for sex (categorical variable), age (continuous variable), height
(continuous variable), and BMI (continuous variable); Model 2 includes the factors from Model | plus the following variables: years
of rowing training (continuous variable), daily training hours (continuous variable), and weekly training days (continuous variable).
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Figure 2 Pain incidence during water-based rowing training.

Female

thigh (12.2%); females exhibited balanced distribution across the lower back, shoulder, thigh, wrist, and calf (5 cases each,

13.9%). This consistency with prior injury sites suggests that untreated pain may lead to injuries.

An epidemiological study of pain among baseball players aged 7-12 reported shoulder pain in 15.9% and elbow pain

in 29.2%.%° A cross-sectional study of basketball players aged 615 found lower back pain in 12.9%, shoulder pain in

4.6%, and elbow pain in 2.7%.?' Among overhead athletes (615 years), shoulder pain was common in baseball (10.7%),

knee pain in softball (14.3%) and handball (28.6%), respectively back pain in tennis (11.8%), foot pain in badminton

(17.9%), and knee pain in volleyball (12.1%).%* Increasingly, sports are recognizing pain as an early biomarker of tissue

microtrauma, advocating proactive prevention to reduce injury risk.

Table 4 Pain Anatomical Sites During Water-Based Rowing Training

Site Male (n = 134) | Female (n = 73) | Total (n = 207)
Shoulder 6 (13.6%) 10 (22.2%) 16 (18.0%)
Elbow | (2.3%) | (2.2%) 2 (2.2%)
Wrist | (2.3%) 4 (8.9%) 5 (5.6%)
Lower back 27 (61.4%) 16 (35.6%) 43 (48.3%)
Hip/Gluteal | (2.3%) | (2.2%) 2 (2.2%)
Knee 7 (15.9%) 10 (22.2%) 17 (19.1%)
Ankle 0 (0.0%) 3 (6.7%) 3 (3.4%)
Other | (2.3%) 0 (0.0%) I (1.1%)
Total 44 (100.0%) 45 (100.0%) 89 (100.0%)

Table 5 Technical Phases Associated with Pain During Water-Based Rowing

Training
Technical Phases | Male (n = 134) | Female (n = 73) | Total (n = 207)
Catch phase 2 (4.5%) 4 (8.9%) 6 (6.7%)
Drive phase 29 (65.9%) 33 (73.3%) 62 (69.7%)
Finish phase 7 (15.9%) 6 (13.3%) 13 (14.6%)
Recovery phase 6 (13.6%) 2 (4.4%) 8 (9.0%)
Total 44 (100.0%) 45 (100.0%) 89 (100.0%)
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Regarding pain incidence, a retrospective study of badminton players (7—12 years) reported a pain rate of 60.9%, with
an overall rate of 3.06 per 1000 training hours (95% CI: 2.81-3.32)."° Our study found a rowing pain incidence of 24.2%,
with 0.41 cases per 1000 training hours (95% CI: 0.34-0.49).

The rowing stroke is a cyclic action comprising the catch, drive, finish, and recovery phases. Catch phase, the blade enters
vertically, hips maximally flexed, legs compressed, arms extended, with co-activation of lower limb, core, and upper limb
muscles. The drive phase engages the back, shoulders, and arms as cantilevers to transfer force from the legs through the lower
back and arms to the blade. Finish phase, legs fully extend, trunk slightly reclines, elbows flex, hands lower the blade parallel
to the water. Recovery phase, arms extending to guide trunk lean; as hands pass knees, feet flex and legs return to the catch
phase.”® Rowing biomechanics relies on maximal power output from trunk extensors and efficient kinetic chain coordination
from the lower limbs to the core and finally the upper limbs to maximize propulsion.”® Thus, repetitive technical execution
likely contributes to multi-site pain. The observed association between lower back/knee pain and shoulder pain risk aligns with
the kinetic chain mechanism: joints (knee, lower back, shoulder) as force-transfer nodes may develop compensatory move-
ment patterns when impaired, increasing adjacent joint injury risk. Notably, 69.7% of rowing-related pain occurred during the
drive phase.

To ensure rowers can participate in training without pain or injury, implementing scientific preventive measures is
crucial. Research demonstrates that neuromuscular training, by comprehensively improving strength, balance, and agility,
can effectively reduce the incidence of knee injuries and ankle sprains, decreasing lower limb injury risk by 35% and
knee injury risk by 26%.>**’ The shoulder injury prevention program developed by Oslo Sports Trauma Research
Center, through improving joint mobility, strengthening rotator cuff muscles, and enhancing scapular stability, can reduce
shoulder injury incidence by 28%.%® Furthermore, core stability training, by strengthening core muscles and improving
neuromuscular control and lumbar stability, not only significantly alleviates chronic nonspecific low back pain but also
reduces lumbar injury risk.>” Implementation should be supervised by professional coaches with particular emphasis on
proper technique and pain-free principles.

Limitation

This study has the following limitations: first, the retrospective design relies on participants’ subjective recall of pain
history, which may introduce memory bias and compromise data objectivity; second, gender imbalance in the sample
(females: 35.3%) may affect the reliability of sex-difference analyses; finally, the cross-sectional analysis focused on
athletes’ pain lacks dynamic observation, thus precluding causal inference between pain and injury. Future study should
adopt prospective study designs, longitudinally tracking detailed athlete data (training loads, pain sites, injury locations)
through training logs, wearable devices, and team physician diagnoses, with focused investigation on the pain-injury
relationship to validate whether rowing-related pain serves as an early predictor of sports injuries.

Conclusion

Among Chinese rowers aged 12-24, lower back pain was the most prevalent, followed by thigh and shoulder pain. Both lower
back and knee pain were significantly associated with shoulder pain. During rowing water-based training, more than one-third
of athletes reported pain, with nearly half of these cases being lower back pain, which primarily occurred during the drive
phase of the stroke. These findings elucidate the high-risk anatomical areas in rowing and the significant correlations between
pain sites, identify the key technical phases during which pain occurs, and provide a theoretical basis for enhancing early
injury prevention, improving athletic performance, and guiding scientific training.
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