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CHAPTER III 

METHOD 

Participants 

In this study all participants were swimmers for the University of North Dakota 

Division I swimming team. Consent was obtained from each participant in writing, giving 

his/her approval to participate in the study and for access to their medical files from the 

UND Athletic Training Room. This sample is considered a sample of convenience. The 

number of participants is based on the number of swimmers who agreed to participate 

and maintained participation through out the entire study. 

Study Design 

As shown in Figure 1, the study was prospective cohort in nature. Baseline data, 

which consists of demographic information and injury history was gathered on the 

participants prior to the start of the competitive season. Afterward, the participants were 

monitored forward in time for the duration of the regular swimming season ( 6 months) to 

determine the nature and incidence of injuries. Injury was defined as one that (1) 

occurred as a result of participation in organized swimming practice or competition, (2) 

resulted in restriction of the student athlete's participation or performance and/or (3) 

required the student athlete to seek medical attention by a Certified Athletic Trainer or 

team physician. Following injury surveillance, data were analyzed to determine incidence 

rate and distribution of injuries. Additionally, incidence rate was used as a basis for 

analyzing risk factors. 
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Figure One. Timeline for Prospective Study 

Instruments and Procedures 

Pre-season 

Approval to conduct this study was obtained from the University of North Dakota 

Institutional Review Board. Each participant signed a consent form (Appendix A) that 

outlines the requirements of the study and a Health Insurance Portability and 

Accountability Act (HIP AA) form (Appendix B) that allowed the researcher to look into 

participant's medical records in the UND Athletic Training Room. On September 8, 2009 

baseline data were collected from each participant including basic demographic 

information such as age, gender, swimming experience, competitive level, past training 

regimen, and past injury history. For the majority of the swimmers (those that were with 

UND during the 2007-2008 season) information pertaining to past injury history was 

supplemented using their medical records from the UND Athletic Training Room. This 

injury surveillance portion of the study began the first day the UND swim team started 

regular season practice (September 9, 2008). 

Pre-participation Examination 

Before any swimmer was able to start practicing, he/she was required to complete 

a pre-participation exam with the UND athletic training staff. This exam included a brief 

medical history questionnaire, anthropometric measurements (height and weight), a brief 
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musculoskeletal assessment, and a section to be completed by the team physician. This 

form varied slightly for returning swimmers versus new (freshman) swimmers. This 

variation shortened the musculoskeletal assessment and physician section for the 

returning swimmers. The information from pre-participation exams was used to assist in 

identifying any previous injuries that affected the swimmers. 

Medical History Questionnaire 

Swimmers were asked to complete a medical history questionnaire (Appendix C) 

which was dispensed to each individual swimmer during a 30-minute meeting held by the 

researcher. This questionnaire prompted the swimmers to provide information about their 

swimming experience and about the injuries that they incurred during the past twelve 

months. Information provided in this questionnaire was be used in the study to help 

determine whether previous injury was a risk factor for new injury. 

Competitive Season 

Injury data 

An injury report form was designed (Appendix D) to record all injuries that the 

swimmer identified throughout the course of the study. This form is a modification of the 

form used by the NCAA Injury Surveillance System, and was modified to record 

swimming-related injuries. The injury report form is intended to provide an in-depth look 

at the injury including anatomical location, injury onset, injury mechanism, type of 

injury, timing of injury, and time lost from injury. 

Injury incidence information was obtained as follows: (1) each week the 

researcher asked the Certified Athletic Trainer assigned to swimming if there were any 

new injuries, (2) the researcher attended practice once a week to see if there were any 

new injuries that were affecting the swimmers and to see how past injuries were 
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progressing, and (3) the swimming coach was contacted weekly and asked about 

swimmers who had not been practicing or had limited practice due to an injury. If the 

researcher was informed of any new injuries an injury report form was filled out. If the 

swimmer was unavailable at practice the researcher emailed the swimmer immediately 

after practice to enable completion of the injury report form. 

Exposure data 

In addition to collecting information about injury incidence the researcher also 

collected data that pertained to the swimmers' exposure time. The swimmers were asked 

to complete a weekly training log to track their attendance, time spent training, and 

yardage. The weekly training log was distributed to the swimmers through a packet given 

to them at the beginning of the study. However, there were several compliance issues 

which arose throughout the study. As a result, exposure data including attendance 

records, daily yardage, and length of practices (in hours) were obtained from the head 

coach. 

Data Analysis 

The study concluded at the end of the regular competitive season. When the study 

was finished the researcher made sure that all the injury and exposure data forms were 

completed for each swimmer. Once all data forms were completed, data from the entire 

study was entered into an Excel spread sheet to assist in transferring the data into a 

statistical package. Once the data were entered, various measures of central tendency 

were calculated and recorded into table format. In addition, both descriptive and 

analytical analyses were performed. 

Descriptive Data Analysis 
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A descriptive analysis of data was ran to determine the rate and nature of injuries 

that affected the swimmers during an entire season (6 months). Two injury rates were 

calculated: (1) by dividing the total number of injuries sustained by the total number of 

hours trained, then multiplying this figure by 1000. This approach yielded an injury rate 

per 1000 hours exposure, and (2) by dividing the total number of injuries sustained by the 

total number of athletic exposures, then multiplying this figure by 1000. This approach 

yielded an injury rate per 1000 athletic exposures. In addition information on injury 

distribution ( e.g. location, type) was calculated in terms of numbers and relative 

percentage of injuries. The frequencies and compute variable procedures in SPSS 16 

(SPSS Inc: Chicago, IL) were used to determine the number, percentage, rate of injuries, 

and 95% confidence intervals. 

Rick Factor Analysis 

A Poisson regression model was fitted using generalized estimating equations 

(GEE) to estimate incidence rate ratios (IRR, 95% CI). The swimmer's individual injury 

rates were used as outcome variables. Predictor variables included gender, previous 

injury to same anatomical location, previous injury at other sites, and years swimming 

competitively. Each of these predictors was entered separately in an unadjusted model to 

estimate injury rate ratios (IRR's) for each risk factor. In addition, the risk factors were 

also entered into an adjusted model to compare risk factors to each other. All risk factors 

were included in the adjusted model because of the small sample size and few risk 

factors. The Poisson regression procedures in statistical package R (R Development Core 

Team: Auckland, New Zealand) was used to compute the IRR's in both the unadjusted 

and adjusted analysis. 
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CHAPTER IV 

RESULTS 

Descriptive Results 

Demographic Information 

Baseline data collection began on September 8, 2008, following a preseason 

practice. At that time forty-three swimmers were asked to participate in this study. Those 

interested in participating were asked to complete a participant information form and 

medical history questionnaire that asked about any swim-related injuries sustained during 

the past 12 months. Table four summarizes the participant's demographic information. Of 

the thirty-four swimmers who agreed to participate, 16 were male (47.1 %) and 18 female 

(52.9%), with an overall mean age of 19.47 years (SD= 1.461 years). There were 17 

freshman (50% of the total participants), 6 sophomores (17.6%), 6 juniors (17.6%), and 5 

seniors (14.7%). Nine swimmers decided not to participate in this study, of which 6 were 

female swimmers and 3 were male swimmers. In addition, five of the 9 were seniors in 

college and four were freshman. 

Additional demographic information obtained included the age that participants 

started swimming competitively, how many years they had been swimming, and how 

many competitions they had completed in during the past twelve months. As shown in 

table 4 the mean age started swimming was slightly higher in male swimmers (M= 8.75 

yrs) than in female swimmers (M=8.22 yrs). But the total number of years swimming was 

slightly higher in female swimmers (M=l 1.11 yrs) than male swimmers (M= 10.88 yrs). 
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Lastly, male swimmers on average participated in more competitions during the past 12 

months than their female counterparts (M= 12.44 competitions compared to M=l 1.28 

competitions). 

Table 4. Comparison of Participants Demographic Information by Means* 

Variable 
Number 
Age (years) 
Height (inches) 
Weight (lbs) 
Age Started 
Years Swimming 

# of Competitions 
(Previous 12 months) 

Male 
16 

19.62 [18-23] 
72.31 (2.63) 

176.38 (16.88) 
8.75 [3-16] 
10.88 ( 4.29) 

12.44 

Female 
18 

19.33 [18-22] 
66.39 (2.91) 

142.67 (17.78) 
8.22 [4-12] 
11.11 (2.59) 

11.28 

Total 
34 

19 .4 7 [ 18-23] 
69.18 (4.06) 

158.53 (24.16) 
8.47 [3-16] 

11 (3.44) 

11.82 

*Mean values are noted with ranges in brackets and standard deviation in 
parentheses 

Injury History 

In addition to the demographic information, information on medical history of 

swim-related injuries from the past twelve months was obtained. Seventeen of the 34 

(50%) swimmers, including 7 males and 10 females, reported a total of 23 injuries in the 

12 months prior to completing the questionnaire. Nine injuries were sustained by male 

swimmers and 14 injuries were sustained by female swimmers. A percent distribution of 

anatomical location of these injuries is provided in table 5. The most common anatomical 

locations were the shoulder, accounting for 11 (47.9%) injuries and the knee accounting 

for 5 (21.8%). 

A percent distribution of injuries by injury type is provided in table 6. As shown, 

the most common type of injury sustained in the year prior to the swim season was 

shoulder impingement, accounting for 11 (47.8%) injuries followed by patellar tendonitis 

accounting for 5 injuries (21.8%). 
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Table 5. History of Injury 
A Percent Distribution by Anatomical Location 

Location Total N of Injuries % of Total Injuries 

Neck 1 4.3 
Shoulder 11 47.9 
Low Back 2 8.7 
Thigh 1 4.3 
Knee 5 21.8 
Ankle 2 8.7 
Upper Leg 1 4.3 
Total 23 100 

Table 6. History of Injury 
A Percent Distribution by Injury Type 

Location N of Injuries % of injuries 

Neck Strain 1 4.3 
Shoulder Impingement 11 47.9 
Low Back Strain 2 8.7 
Femur Fracture 1 4.3 
Patellar Tendonitis 5 21.8 
Sprained Ankle 4.3 
Ankle Tendonitis 1 4.3 
Hamstring Strain 1 4.3 
Total 23 100 

Injury Rates 

The prospective portion of this study began on September 9, 2008, which was the 

first day of the regular swimming season. During the study period (9/9/09 - 2/28/09), 

exposure data were gathered from the following sources: practice attendance records, 

training logs (yardage per practice), length of training sessions, and injury report forms 

for injuries sustained during the study period. From these data, the researcher was abk to 

determine number of athletic exposures (AEs) accumulated by each participant during the 

season, an estimated number of yards that each swimmer completed during practices 
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throughout the season (based on coach records), how many injuries each participant 

sustained, and extensive information on the nature of injuries sustained. 

The exposure and injury data are summarized in Table 7. Examination of this 

table reveals that there were a total of 5,585 athletic exposures accumulated by the 34 

swimmers. Of the 5,585 athletic exposures, practice accounted for 5,206 AEs and 

competitions accounted for 3 79 AEs. As for yardage, the participants swam a combined 

total of 22,346,909 yards during practice throughout the season. In addition, the 

participants accumulated an estimated 10,180 hours of practice time. 

Table 7. Exposure and Injury Rate Data 

Rate Rate 
per per 

No. of 1000 95% CI 1000 95%CI 
Subjects n Injuries AE's AE's (low/high) Hours Hours (low/high) 

Male 16 13 2614 4.97 2.16/8.10 4752.9 2.74 l.16/4.49 

Female 18 18 2971 6.06 3. l 7/10.22 5427.8 3.32 1.72/5.58 

Overall 34 31 5585 5.55 3. 73/8.18 10180.7 3.04 2.04/4.49 

AEs = Athlete Exposures (One Athlete Swimming in One Practice or Competition) 

As shown in Table 7, twenty of the 34 participants (58.8%) sustained a total of 31 

injuries during the study period. Of the 31 injuries sustained 13 injuries were incurred by 

9 male swimmers and 18 injuries were incurred by 11 female swimmers. Fourteen 

swimmers (41.2%) did not sustain an injury during the season, 11 swimmers (32.4%) 

sustained one injury, 8 swimmers (23.5%) sustained 2 injuries, and one swimmer (2.9%) 

sustained four injuries. 

Two different injury rates were calculated. The overall injury rate for athletic 

exposures was 5.55 injuries per 1,000 athletic exposures. All injuries were sustained 
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during practice and training sessions therefore a separate injury rate for practice and 

competition AEs was not calculated. The overall injury rate for hours practiced was 3.04 

injuries per 1,000 hours practiced. Injury rates were higher for female swimmers, both 

when rates were calculated with reference to AEs (6.06 vs. 4.97) and hours of practice 

(3.32 vs. 2.74). However the differences were not significant. 

Injury Location 

Table 8 displays a percent comparison of injuries by anatomical location and 

gender. The most common locations were shoulder accounting for 12 injuries (38.7%), 

back for 5 injuries (16.1 %), and knee for 4 injuries (12.9%). The most common 

anatomical location for both male and female swimmers was the shoulder, accounting for 

6 injuries each. However, the second most common anatomical location for male 

swimmers was the back (3 injuries) whereas it was the ankle for the female swimmers ( 4 

injuries). 

Table 8. A Percent Comparison by Anatomical Location 

Location Overall Males Females 

N % N % N % 

Neck 1 3.2 0 0 1 5.6 

Shoulder 12 38.7 6 46.2 6 33.3 

Back 5 16.1 3 23.0 2 11.1 

Knee 4 12.9 1 7.7 3 16.7 

Ankle 4 12.9 0 0 4 22.2 

Upper Leg 3 9.7 1 7.7 2 11.1 

Groin 2 6.5 2 15.4 0 0 

Total 31 100 13 100 18 100 

Injury Type 

A percent comparison of the specific type of injury sustained by the participants 

in this study is shown in table 9. Injury type is defined as the exact injury that the 
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participant was diagnosed as having by the Certified Athletic Trainer or team physician. 

The most common injury type was shoulder impingement which accounted for 6 injuries 

(19.4%). Shoulder impingement/bicipital tendonitis was the second most common injury 

type. This injury type was sustained by 5 participants and accounted for 16.1 % of the 

total injuries. Another common injury type was ankle tendonitis. This injury type was 

found in 4 swimmers and accounted for 12.8% of all the injuries. 

Table 9. A Percent Comparison by Injury Type 

Injury Ty2e Overall Males Females 

N % N % N % 

Tendonitis 18 58 6 46.2 12 66.6 

Shoulder Impingement 6 19.4 4 30.8 2 11.1 

Bicipital Tendonitis 1 3.2 7.7 0 0 

Bicipital Tendonitis & Impingement 5 16.1 1 7.7 4 22.2 

Patellar Tendonitis 2 6.5 0 0 2 11.1 

Ankle Tendonitis 4 12.8 0 0 4 22.2 

Strain 11 35.5 6 46.1 5 27.8 

Back Strain 5 16.1 3 23.0 2 11.1 

Neck Strain 1 3.2 0 0 1 5.6 

Hamstring Strain 3 9.7 1 7.7 2 11.1 

Groin Strain 2 6.5 2 15.4 0 0 

Sprain 2 6.5 1 7.7 5.6 

LCL Sprain 2 6.5 1 7.7 1 5.6 

Total 31 100 13 100 18 100 

Table 9 also shows a percent comparison of injury type by gender. The most 

common injury type for male swimmers was shoulder impingement, which accounted 4 

of the 13 injuries (30.8%). Back strains were the second most common injury type in 

male swimmers, which accounted for 3 of the 13 injuries (23.1 %). As for female 

swimmers, the most common injury types were ankle tendonitis and the combination 9f 

shoulder impingement and bicipital tendonitis, each accounting for 4 of the 18 injuries 
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(22.2%). These were followed closely by shoulder impingement, patellar tendonitis, back 

strain, and hamstring strain, each accounting for 2 injuries (11.1 % ). 

Injury Onset 

Injury onset is typically divided into two main categories: acute and overuse 

injuries. Acute injuries are classified as those that occur suddenly without prior pain or 

discomfort (i.e. MCL sprain) and overuse injuries are those that occur as a result of 

repetitive motion and/or impact on the particular area and usually occur with gradual 

increase in pain and discomfort (i.e. bicepital tendonitis). It is thought that because of 

swimming's highly repetitive nature, more overuse injuries will be sustained than acute 

injuries. As shown in Table 10, overuse injuries occurred more frequently, accounting for 

18 of the 31 injuries (58.1 %). Acute injuries accounted for 13 injuries ( 41.9%). Of the 13 

injuries sustained by male swimmers, acute onset injuries were more common, 7 injuries 

(53.8%), compared to overuse injuries, 6 injuries (46.2%). In female swimmers overuse 

onset, with 12 injuries (66.7%) was twice as frequent as acute onset, with 6 injuries 

(33.3%). 

Table 10. A Percent Comparison of Injury Onset 

Injury Onset Overall Males Females 

N % N % N % 

Acute 13 41.9 7 53.8 6 33.3 
Overuse 18 58.1 6 46.2 12 66.7 

Total 31 100 13 100 18 100 

Further analysis shows that all 12 shoulder injuries (66.7% of all overuse injuries) 

were classified as overuse injuries, making it the most common anatomical location fo! 

overuse injuries. As for acute injuries the back was the most common anatomical location 

with 5 injuries (38.5%). In addition, the most common overuse injury was shoulder 
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impingement, 6 injuries (33.3%). Back muscle strains (5 injuries [38.5%]) were the most 

common acute injury. 

Injury Classification 

Injury classification was used to differentiate if the injury was a new injury or if 

the swimmer had previously experienced a similar injury. The three categories that were 

used to classify an injury were: (1) new injury, (2) recurrence of injury from previous 

swim season, and (3) recurrence of injury from the current season. For the purpose of this 

study, recurrence of injury was defined an injury that occurs to the same body part and is 

the same injury type as one that had previous occurred. However, in many cases a re

injury is more severe than the first injury. 

The most common injury classification was new injury, accounting for 19 injuries 

(61.3%). Of those injuries 7 were sustained by male swimmers and 12 by female 

swimmers. The second most common injury classification was recurrence of injury from 

previous season, accounting for 10 injuries (32.2%). Lastly two injuries (6.5%) were 

classified as a repeat injury from the current season. 

Mechanism of Injury 

During the study period there were three distinctive injury mechanisms: (1) 

repetitive motion, (2) weight lifting, and (3) dry-land training, such as running and 

agility. However, an additional category (no specific reason) was added for those injuries 

where the swimmer was unable to identify a specific injury mechanism. Table 11 

displays a percent comparison of mechanism of injury. Overall, the most common 

mechanism was repetitive motion which accounted for 19 of the 31 injuries (61.3%) -

sustained during the season. In addition, repetitive motion was the most common 

mechanism for both male (10 injuries) and female (9 injuries) swimmers. 
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Table 11. A Percent Comparison of Mechanism of Injury (MOI) 

MOI Overall Males Females 

N % N % N % 

No Specific Reason 5 16.1 2 15.4 3 16.7 

Repetitive Motion 19 61.3 10 76.9 9 50.0 

Weight Lifting 3 9.7 1 7.7 2 11.1 

Dry-land Training 4 12.9 0 0 4 22.2 

Total 31 100 13 100 18 100 

Time Loss 

For this study, time loss was calculated based on the number of practices that the 

swimmer either missed completely or did not participant in fully because of an injury. 

The time loss was divided into three main categories: less than 7 days, 7-21 days, and 

more than 21 days. Table 12 shows a percent comparison of time loss associated to 

injuries. The most common time loss category was less than 7 days, which accounted for 

18 injuries (58.1 %). Of those 18 injuries, 8 occurred to male swimmers (61.5% of all 

male injuries) and 10 occurred to female swimmers (55.6% of all female injuries). 

Table 12. A Percent Comparison of Time Loss 

Time Loss Overall Males Females 

N % N % N % 

Less than 7 Days 18 58.1 8 61.5 10 55.6 

7 to 21 Days 6 19.3 3 23.1 3 16.6 

More than 21 Days 7 22.6 2 15.4 5 27.8 

Total 31 100 13 100 18 100 

Further analysis shows that the back and ankle, each accounting for 4 injuries 

(22.2%) are the most common injury locations for the time category of less than 7 days. 

These are followed by the shoulder and knee, accounting for 3 injuries each (16. 7% ). In 

the more than 21 days time loss category, the shoulder was the most common injury 

location accounting for 6 injuries (85.7%). 
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As for injury type, ankle tendonitis and back strain were the most common injury 

type for the less than 7 days time loss category. As for the second category (7-21 days), 

shoulder impingement was the most common injury type, accounting for 2 of the 6 

injuries (33.3%). Additionally, the two most common injury types for the more than 21 

days lost were shoulder impingement and the combination of bicepital tendonitis and 

shoulder impingement, each accounting for 3 of the 7 injuries (42.9%). Lastly, both 

overuse (8 injuries ( 44.4% )) and acute injuries (10 injuries (76.9% )) were more 

frequently related to fewer than 7 days of time loss than the other two categories. 

Risk Factor Data Analysis 

Risk factors of interest in this study included gender, years swimming 

competitively, a history of injury to any body part, and a history of injury to the same 

body part that was injured in the study. These risk factors were analyzed in both an 

unadjusted (risk factors analyzed alone) and adjusted (risk factors analyzed with others) 

Poisson regression model that was fitted using general estimating equations to estimate 

incidence rate ratios. Any risk factors that had a p-value of< .02 were considered 

statistically significant. 

Table 13 shows both the unadjusted and adjusted results of the regression and 

identifies the injury rate ratio per 1000 hours training for each risk factor. History of any 

injury and history to a specific body part were found to be statistically significant. Having 

a history of any injury was associated with nearly four times increase in injury rate (IRR= 

3.79, 95% CI= 1.59, 9.05) than not having a history of injury, before adjusting for the 

other factors. This number decreases (IRR= 2.86, 95% CI= 1.23, 6.64) after adjustment 

for other factors. As for swimmers with a history of injury to the same specific body part 

the unadjusted injury rate was almost two and halftimes higher (IRR= 2.42, 95% CI= 
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1.73, 3.40) than for those that did not have a history. When this risk factor is adjusted to 

account for the other risk factors, swimmers with a specific history of injury had more 

than one and halftimes the risk (IRR=l.67, 95% CI= 1.21, 2.31) of injury than those that 

did not have this history. 

Both gender and number of years competing in swimming were found to be 

statistically non-significant predictors of injuries. However, male swimmers were found 

to be less likely to sustain an injury than female swimmers in both the unadjusted (IRR= 

0.69, 95% CI= 0.34, 1.42) and adjusted (IRR= 0.78, 95% CI= 0.49, 1.23) models. 

However, these differences were not tested statistically. 

As for injury rate ratios per 1000 AEs, Table 14 shows both the unadjusted and 

adjusted analysis of the risk factors. Similar to the rates per 1000 hours, history of any 

injury significantly increased the swimmer's rate of injury more than three and a half 

times (IRR= 3.64, 95% CI= 1.51, 8.73) in the unadjusted model and more than two and a 

half times (IRR= 2. 74, 95% CI= 1.18, 6.3 7) after adjusting for the other risk factors. In 

addition, history of injury to the same specific body part was found to have almost a two 

and a halftimes increase (IRR= 2.46, 95% CI= 1.75, 3.46) in the unadjusted estimate and 

almost a twofold increase in the adjusted model (IRR= 1.75, 95% CI= 1.25, 2.45). 

Once again, both gender and years competing were not found to be significant 

predictors. Like the previous model, male swimmers still had a lower injury rate than 

female swimmers in both the unadjusted and adjusted model (IRR= 0.72, 95% CI= 0.35, 

1.48). However, these differences were not tested statistically. 
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Table 13. Risk Factors Analysis of Injury Rate Ratios (IRRs) per 1000 Hours 

Unadjusted Adjusted 

Risk Factor IRRs 95%CI P Value IRRs 95%CI P Value 

Gender 0.3188 0.2815 

Female Reference Reference 

Male 0.96 0.34, 1.42 0.78 0.49, 1.23 

Year Swimming 1.08 0.96, 1.21 0.2051 1.04 0.99, 1.09 0.1568 

Any History of Injury 0.0028 0.0147 

No Reference Reference 

Yes 3.79 1.59, 9.05 2.86 1.23, 6.64 

Specific History of Injury <0.0001 0.0020 

No Reference Reference 

Yes 2.42 1. 73, 3 .40 1.67 1.21,2.31 
w 
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