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Abstract
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https:/ /doi.org/10.70252/ODDM9341 This study investigates the longitudinal patterns of musculoskeletal
injuries in an NCAA field hockey team, emphasizing the predictive value of index injuries on subsequent injury
rates. Analyzing a dataset from a women's collegiate field hockey team, this research monitored 810 injuries across
124 athletes from 2008 to 2024. The study categorized injuries as local, nonlocal, and recurrent, employing a negative
binomial regression to assess the impact of index injuries on the total number of career injuries. Results indicated
that ankle sprains, hamstring strains, and back strains significantly predicted the total number of career injuries.
Furthermore, the analysis revealed that the majority of subsequent injuries occurred within 69 days of the index
injury, suggesting a critical window for targeted interventions. The findings underscore the need for robust
longitudinal data and standardized reporting to enhance injury prevention strategies in field hockey.
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Introduction

Sport participation comes with an inherent risk for injury.! Becoming an athlete at any level
requires consistent exposure to physical training through practice and competitions. Treatment
of injuries could negatively impact the athlete and organization through time away from
competition, time away from training, health care costs, and can affect the success of a team or
individual.?? It is for this reason that athletic organizations allocate resources towards keeping
athletes injury free. Of particular interest in sports epidemiology are musculoskeletal injuries
(MSI), which are defined as damage to tissues of the muscular or skeletal system including bone,
ligaments, tendons, and other soft tissues.* Given the large amount of MSI seen in active
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populations (e.g., MSI are the leading cause of ER visits for athletes in the US> and account for
most sports injuries!), many studies focus on them in pursuit of prevention methods.®

The first step in preventing injuries is to identify and describe them’, a process that requires
clear classification and accurate reporting. Across sports organizations, and levels of
competition, various injury surveillance protocols attempt to record and classify MSI. For
example, in a consensus statement issued by the International Olympic Committee (IOC), they
categorize injuries by relationship to sports activity, mode of onset, and mechanism of injury to
name a few.? The validity and reliability of the reported data is dependent upon multiple factors
including who is reporting, what defines an injury, and if the athlete is giving medical
professionals accurate information.? It is for this reason that clearly defined reporting protocols
are required to attain consistent data.

In addition to ensuring accurate reporting of an initial injury to a previously healthy tissue, also
known as the index injury, it is important to recognize that subsequent injuries (i.e., any injury that
occurs after an index injury) can result from previous injuries,!? increasing the likelihood for an
athlete to suffer more total injuries in their career!’?> whether due to incomplete healing of
previously injured tissues (exacerbation), or reinjury of a fully recovered tissue defined by the
ability of the athlete to return to play and competition (recurrence).® Subsequent injury
categorization (SIC) models consider this cyclic nature and have reporting strategies that
accommodate them.®13 Traditional injury models do not delineate between recurrent or new
injuries, nor do they specify if a subsequent injury was of the same type.1#-16 In the I0C
consensus statement,® they propose a SIC framework adapted from Hamilton et al which
categorizes subsequent injuries based on if the injury occurred to the same body part, to the
same area, or to an unrelated area.!” In addition to injury location they consider the time frame
between the first subsequent injury and the index injury.1” This framework requires athletes to
be monitored over the course of long periods of time to gain insight into the time course and
relation between injuries. Longitudinal study design aims to collect data on the same subjects at
multiple different time points to observe the natural course of development.’® One of the
defining features of longitudinal study design is the ability to analyze causal relationships
between events in an ordered fashion.’ In the context of an athletic career that could span
decades, the acquisition of longitudinal data is pertinent to obtaining the scope of an injury
career. For organizations with access to a sports medicine team, such as the National Collegiate
Athletic Association (NCAA) or professional teams, reporting accurate and reliable information
is often required and therefore a viable source for longitudinal studies on MSI.

SIC models have been used to identify subsequent injury trends in major sports but certain
sports that are underrepresented, such as women’s field hockey, lack research under such
models.?’ While field hockey has origins tracing back 4,000 years, it first became popular at
public schools in England in the late 19t century, with the first draft of official rules coming in
1876. The sport made its Olympic debut in 1908; however, it wasn’t until the 1980 Olympics that
women’s field hockey made its debut. The FIH (Fédération Internationale de Hockey) was
founded in 1924, and the IFWHA (International Federation of Women’s Hockey Associations)
was founded three years later in 1927. In 1982 the two organizations merged to form the current
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FIH.2! According to the FIH database there are currently 140 member associations worldwide.
Currently, in the US, there are 263 active collegiate teams with over 5,000 female athletes.?
Therefore, the scarcity of literature in field hockey, and women’s sports overall,? leaves a void
that could potentially benefit many young athletes, in a historic and internationally renowned
sport.

The current but limited literature suggests that the most common injuries in women’s field
hockey are lower limb injuries, primarily lateral ankle sprains, followed by upper body injuries
due to stick, ball, or player contact.?#? It has been speculated that the bent over posture and use
of sticks exposes athletes hands, head, and face to injury by getting caught between sticks,
players and sticks, or players and the ground, especially when there is congestion around the
goal.? In 2007, a study by Rauh et al showed that high school girls field hockey players were
more likely to suffer three or more injuries, than the other four sports (basketball, soccer,
volleyball, and softball) in the study; however, said injuries were less likely to require surgery
or result in lost time.?¢ To our knowledge, the only studies that have been conducted with NCAA
women’s field hockey in regards to musculoskeletal injuries are Dick et al in 2007% and
Nedimyer et al in 2021.27 While both studies use longitudinal data from the NCAA’s Injury
Surveillance Program (ISP), neither study used SIC. In 2018, in a systematic review of field hockey
injuries, Barboza et al?® attempted to describe injury rates in field hockey of all levels, and of the
studies that met inclusion criteria (22) many of them were not conducted longitudinally, some
of the data were not recorded by sports medicine professionals, and none of the studies used
SIC. While they were able to come to some preliminary conclusions, the major finding of the
review was that researchers need to come to a consensus regarding field hockey injury
surveillance in order to produce more reliable findings. In 2020, in a systematic review by
Bitchell et al they searched for all studies that utilized a SIC model, and out of the 51 studies that
met the criteria for data extraction, only one was conducted specifically on female sports and
said study was not on women’s field hockey.?’ Therefore, the gap in the literature warrants more
research on MSI using female athletes under SIC models to assist in the development of injury
prevention strategies.

Researchers and sport organizations, including the IOC continue to revise categorization of
subsequent injuries to improve reliability and validity of injury data.® Current literature on field
hockey injuries is not only scarce but also lacks longitudinal studies under SIC models, and does
not focus exclusively on women. Therefore, the purpose of this investigation was to describe the
longitudinal characteristics of subsequent musculoskeletal injuries suffered by a NCAA
collegiate women'’s field hockey team. Furthermore, we wanted to investigate if the index injury
was a significant predictor of an athlete’s total injuries suffered in their collegiate career.

Methods
Participants

A de-identified dataset of a women’s collegiate field hockey team (convenience sample) that
competed at an NCAA Division I institution. The dataset contained 810 musculoskeletal injuries
suffered between 2008 and 2024 across 124 athletes (Mage = 20.02; SD = 1.37).
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Protocol

This study was conducted under the authorization of the existing omnibus Institutional Review
Board (IRB) protocol (#21.0866). The primary objective of data collection was for clinical and
practical applications; therefore, retrospective data were repurposed for research in accordance
with the provisions of our existing omnibus IRB. The IRB's ethical guidelines were strictly
adhered to, ensuring the protection and confidentiality of all participant data. This research was
executed in full compliance with the ethical standards of the International Journal of Exercise
Science.?

More particularly, data included the date the injury was suffered, injury diagnosis (e.g., strain,
sprain, tendinopathy), injury body part (e.g., knee, forearm), and body area (e.g., lower
extremity, torso, upper extremity). Injury diagnoses that could be categorized within neural or
medical were removed to focus on the occurrence of musculoskeletal injury. Subsequent
classifications for each injury were appended to the dataset based on location and diagnosis as
described per consensus guidelines.!® Though descriptions of contact vs. non-contact injuries
were not recorded, it was assumed that injuries diagnosed as contusions involved external
contact by nature. They were removed as subsequent injuries to keep focus on non-contact
injuries, bringing the total injuries analyzed down to 655 (124 index injuries and 531 subsequent
injuries).

The data were collected using an electronic medical record (EMR) system, which documented
the date of injury, injury diagnosis, injury body part, and body area. Injuries were reported by
medical staff. The EMR facilitated the categorization and classification of injuries according to
established guidelines.

Statistical Analysis

Injury classifications were described using frequency and relative proportion while the total
number of injuries suffered by each athlete and days between the index injury and first
subsequent injury were described using median and IQR. Furthermore, we wanted to
investigate the ability of index injury characteristics to predict the number of injuries an athlete
would suffer in their career. The index injury data were fit onto the total number of injuries
suffered using a 2-parameter negative binomial regression with an auxiliary OLS regression to
estimate alpha. Data analyses were conducted using Python v. 3.11.5 and the Statsmodel
package v. 0.14.0.

Results

Out of 531 subsequent injuries, a) 308 (58.00%) were classified as subsequent - local area, b) 197
(37.10%) as subsequent nonlocal, c) 22 (4.14%) as recurrent, and d) 4 (0.75%) as subsequent -
local body part (See Table 1). Index injuries comprised 46 different injuries, with the top five
most frequent injuries presented in Table 2. Of the most frequent index injuries, ankle sprains
(OR = 4.00, 95% CI [1.14, 13.99]), hamstring strains (OR = 4.17, 95% CI [1.80, 9.66]), and back
strains (OR = 2.72, 95% CI [1.13, 6.53]) were significant predictors of career injury total, while
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shin splints and hip flexor strains were not. The overall model was found to be significant (df =
91, x2 =124, p = < 0.001), indicating that the index injury may influence the number of injuries
an athlete may suffer in a career. Model results for the top five most frequent injuries can be
found in Table 2. The interquartile range for the days between the index injury and subsequent
injury is 167 days, with the 25th percentile at 23 days, the median at 69 days, and the 75th
percentile at 190 days (See Table 3). Figure 1 visually represents the percentage of first
subsequent injuries over time.

Table 1. Classification and frequency of injuries among collegiate women's field hockey players.

Injury Classification Frequency (%)
Recurrent 22 (4.14%)
Subsequent - Local Body Part 4 (0.75%)
Subsequent - Local Area 308 (58.00%)
Subsequent - Nonlocal 197 (37.10%)
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Figure 1. Distribution of days to first subsequent injury among collegiate women's field hockey.

In more detail, the red dashed line indicates the median time to the first subsequent injury,
which is 69 days. This means that half of the first subsequent injuries occurred within 69 days
of the initial injury. In addition, this histogram shows that the majority of first subsequent
injuries occur within the first 80 days, with a peak in the initial 40 days. The frequency of
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subsequent injuries declines after the initial peak but shows another smaller peak around 120 to
140 days.

Table 2. Frequency and statistical analysis of common injuries among collegiate women's field hockey players.

Injury Frequency (%) Beta Coefficient Standard Error (&) p-Value
Ankle Sprain 13 (10.5%) 1.386 0.639 0.030*
Shin Splints 11 (8.87%) 0.780 0.435 0.073
Hamstring Strain 9(7.26%) 1.427 0.429 0.001*
Hip Flexor Strain 8 (6.45%) 0.916 0.488 0.060
Back Strain 7 (5.65%) 0.999 448 0.026*
Table 3. Descriptive statistics of injury metrics among collegiate women's field hockey players.
Measure IOR 25% Median 75%
Days to Subsequent Injury 167 23 69 190
Career Injury Total 5 2 4 7
Discussion

Our study provides several important insights into the nature of subsequent musculoskeletal
injuries in collegiate women’s field hockey. The key findings reveal that a majority of subsequent
injuries are nonlocal, meaning they occur in different locations within or outside the index injury
body area. Notably, very few (4.89%) subsequent injuries were classified as recurrent or
subsequent to the local body part.

The high proportion (37.1%) of nonlocal subsequent injuries may indicate compensatory
movement patterns or altered biomechanics following an initial injury.3%31 Athletes might
unconsciously adjust their movements to protect the injured area, thereby placing additional
stress on other body part.3%3! This hypothesis aligns with previous research suggesting that
incomplete rehabilitation and return-to-play protocols can contribute to compensatory
injuries.> While our study’s findings are similar to those found in the existing literature, in that
most of the subsequent injuries reported were put into a category that implies little or no relation
to the index injury (subsequent nonlocal, and subsequent local area), our study shows less
recurrent injuries (4%) than other studies that use similar SIC models.3334 For example a study
conducted on professional rugby by Williams et al3* reported 16% of subsequent injuries as
recurrent and 14% as subsequent local, similarly another study reported 14% of subsequent
injuries as recurrent and 15% as subsequent local.33 An important caveat to that is, our study
delineated between subsequent local area (upper extremity, torso, lower extremity) and
subsequent local body part (knee, forearm, ankle etc.) which may imply more or less relation to
the index injury based on clinical judgement and proximity to index injury.'62° Nonetheless our
study showed the largest portion of subsequent injuries were categorized as subsequent local
area (58 %) and the smallest portion as subsequent local body part (0.75%) followed by recurrent
(4%) implying that most SI occur outside of the tissues responsible for the index injury in
collegiate women’s field hockey. Of the existing literature that uses SIC, the aforementioned
studies were the only ones that didn’t focus on concussions, and used SIC terminology, and
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none of them involved field hockey athletes at any level or gender highlighting the
underrepresentation of field hockey and inconsistent methodology of SIC.20.28

Timing is a critical factor in injury prevention'? and our analysis showed that 50% of all
subsequent injuries occurred within 69 days of the index injury, similar to another study where
42% of their subsequent injuries occurred within 2 months of RTP.3* This period may represent
a critical window for monitoring and intervention to prevent further injuries. The initial peak in
subsequent injuries within the first 40 days may underscore the importance of cautious and well-
managed return-to-play protocols.3> Furthermore, there is a noticeable uptick in injuries around
180 days. This pattern may relate to athletes resuming full training intensity (e.g., spring
training) or starting a new competitive season, periods known for increased physical demand
and higher injury risk;3>3¢ therefore this secondary peak around 180 days may suggest another
critical period for injury prevention efforts. Other studies that use similar SIC models3”-* do not
typically report injuries in the context of “days to first subsequent injury” and to our
knowledge, there are no other studies that have identified this secondary peak at around 180
days. As suggested by Bitchell et al??, previous studies that have used SIC are often inconsistent
in their methodology in that many data were taken only from athletes participating in games or
championship events, and data collection often does not occur during the preseason and
offseason leaving clinicians to rely on retrospective methods of data collection. This further
highlights the importance of longitudinal data collection in SIC that is reported by qualified
healthcare professionals who have worked with the same athletes for an extended period.?

Certain index injuries, such as ankle sprains, hamstring strains, and back strains, were
significant predictors of an athlete's total career injuries. This may suggest that the severity and
nature of the initial injury can have a long-lasting impact on an athlete’s susceptibility to future
injuries.!? The significant predictive value of certain index injuries suggests that these injuries
may disrupt an athlete's training and competition schedule more severely, leading to
deconditioning or improper healing.?® For example, ankle sprains and hamstring strains are
known to affect mobility and stability, potentially causing secondary injuries as the athlete
attempts to return to their sport.3%3! This finding aligns with studies by Paterno et al, who
demonstrated similar trends in different sports, where initial severe injuries like ACL tears
increase the likelihood of subsequent injuries, including contralateral injuries.*

Our findings highlight the necessity of applying SIC models in field hockey to better understand
injury patterns and develop targeted prevention strategies. Current literature on field hockey
injuries is not only scarce but also lacks longitudinal studies under SIC models and does not
focus exclusively on women.?>?” The scarcity of research on MSI in women’s field hockey?®
leaves a gap that our study begins to fill, providing valuable data to inform injury prevention
strategies and rehabilitation protocols. Researchers and sport organizations, including the IOC,
continue to revise categorization of subsequent injuries to improve the reliability and validity of
injury data.® Therefore, continued research using SIC models in underrepresented sports, like
tield hockey, is essential to improve athlete health and performance.

Several limitations should be acknowledged. The accuracy of the injury classification may be
influenced by how data were recorded in the EMR system!® Inconsistent recording practices
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could affect the validity of the findings.’6?0 The exclusion of concussions and contusions might
have impacted the overall injury profile.''4! Moreover, the findings are based on data from a
single NCAA Division I institution (convenience sample), which may limit the generalizability
to other levels of competition or geographic regions. Despite these limitations, our study
provides valuable insights into the longitudinal characteristics of subsequent musculoskeletal
injuries in collegiate women’s field hockey.

The study emphasizes the need for robust longitudinal data and standardized injury reporting
protocols to enhance the reliability of findings. Future research should focus on investigating
the biomechanical and physiological factors contributing to nonlocal injuries (e.g. including the
role of concussions and contusions in subsequent injury patterns), ensuring consistent and
accurate recording of injuries in EMR systems to differentiate between new and recurrent
injuries, and developing and refining return-to-play protocols to mitigate the risk of subsequent
injuries, particularly within the critical window identified in this study.?* By addressing these
areas, we can enhance athlete health and performance at all levels of sport, by improving injury
prevention and management strategies across multidisciplinary support structures including
sports medicine, sports science, strength and conditioning, as well as coach and athlete
education.
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