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Abstract

The purpose of the Investigation was to determine the nature and incidence
of injuries in elite British Paralympic cyclists. The sample consisted of 39 para-
cyclists (mean age: 33.7 = 7.60 years; mean elite cycling experience: 8.81 + 5.32
years). Time loss injury data, for B, C, H and T classes, were collected over a
four-year period which included: class, impairment, age, event group (sprint
or endurance), site of injury, tissue, pathology, diagnosis, onset (acute or
chronic), when the injury occurred (training or competition), the type of
training or competition session, the mechanism of the injury, whether the
injury was new or reoccurring, and the modified days. Data were analysed
using a custom written MATLAB software (Version 8) script. Ninety-three
injuries were recorded over the data collection period with C-class, para-
endurance athletes, accounting for the highest incidence of injuries in the
squad. The mechanism for injury occurrence was highest in gym-based
activities making up 25.92% of all injuries. Within this category, trap bar
deadlift was the most frequent gym-based activity for injury occurrence. The
sacroiliac joint sustained the most injuries of any body part and had the
highest incidence of index and re-injuries; the mechanism was largely
influenced by non-cycling gym-based activities. Endurance athletes are most
prone to injuries specifically, at the lower back and sacroiliac joint. While the
inciting event has been identified as the load bearing exercises in the gym this
is most likely due to other factors such as sub-optimal program design, spikes
in acute workload, and technical incompetencies.
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1 Introduction

Since the first competition in 1948, the
Paralympic games has undergone a rapid
evolution with increasing numbers of
competitors; more than 4000 athletes took part at
the London Paralympic Games in 2012.1% The
games have the second biggest number of
competitors for a sporting event worldwide,
behind only the Olympic games.* Additionally,
paracycling is a growing discipline comprising of
three different disciplines (bicycling, tricycling
and handcycling) contested in two categories;
track and road races.>” These developments have
made it increasingly important to understand the
risk of sport-related injuries.? The International
Paralympic Committee (IPC) also state that there
is a duty of care in protecting the health of
athletes and reducing injury risk.> However,
despite an increase in the workloads of cyclists,
there is a distinct lack of injury specific data and

analysis.>%°

Of the limited literature available, acute
injuries seem to be the most common in para-
cyclists.t10 A study investigating cyclists at the
2012 London Paralympic games indicated that
75% of track and 71% of road injuries were
acute!®; a trend shown in other studies
involving para-cyclists.>® This tendency is also
consistent with literature regarding able-
bodied cyclists, showing most injuries to be
acute and caused by crashes and falls.’* The
most common types of acute injuries (for able-
bodied and para-cyclists) include abrasions,
bruising, and fractures.>® 1315 Although not as
common, chronic injuries also occur in para-
cyclists with research suggesting the back,
neck/shoulder, and knee joint being the most
prevalent sites of overuse; the same is shown in
able-bodied cyclists.5¢12 Research suggests that,
in general, para-cyclists suffer 5.8-10.5 injuries
and illnesses per 1000 athlete days.31°1” Track
para-cyclists tend to have a slightly higher
injury incidence when compared to road para-

cyclists (9.3 as opposed to 6.7 injuries per 1000
athlete hours)." This is however a lot less than
able-bodied cyclists where it has been reported
that injury incidence can be as high as 54.8
injuries per 1000 athlete hours.™

While there is some literature available with
regards to injuries in para-cyclists, most studies
have investigated this as part of a larger, broader
study, focusing on all Paralympic sports. 141617
Furthermore, this research has investigated acute
injuries over short periods of time (typically 3-23
days), and there remains a lack of longitudinal
data to better understand the epidemiology of
gradual onset injuries to inform injury statistics
and prevention practices.’® Lastly, no study has
looked at para-cycling injuries from a multi-
factorial perspective, comparing factors such as
discipline, and event over an extended period.’
This is important as the collection and analysis of
ongoing epidemiological data, is a key step in the
development of effective injury prevention
programs.®'” Therefore, the purpose of this study
was to investigate the nature and incidence of
injuries in elite British paralympic cyclists over a
four-year period. This analysis will identify areas
of high injury risk which could help with session
design and activity selection.

2 Material and Methods

This was a retrospective, longitudinal
investigation examining injuries in elite
paralympic cyclists over a four-year sequence.
Overall, injury data was captured over a period
of 1406 days.

2.1 Participants

The sample consisted of 36 cyclists (22 male,
14 female), with a mean age of 33.7 +7.60 years
(male=36.4 + 5.41; female=31.83 + 9.06 years),
and a mean elite cycling experience of 8.81 +
5.32 years (male=10.80 + 4.49, female=6.83 +
4.62 years). The sample breakdown between
classes and events can be observed in Table 1.
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Table 1. Squad sample size according to class (B, C, H, T,
Guide), event (para-sprint, para endurance) and sex
(male, female)

Para-Sprint Para-Endurance

Male Female Male Female

B class 2 3 1 2
C class 3 2 6 3
H class 0 0 2 1
T class 0 0 2 0
Guide/pilot 5 1 1 2
Total 10 6 12 8

According to the Union  Cycliste

Internationale (the world governing body for
sports cycling) these classes can be defined as:

e Tandem division (B class): athletes with
visual impairments riding in tandem with a
sighted guide or pilot. Athletes can be
classified between B1-3, and all compete
together in one class.

e Bicycle division (C class): athletes riding a
standard two-wheeled bicycle which could
have adaptions according to the athlete’s
impairment. Impairments include range of
motion limitations, impaired muscle power
or limb deficiency. Athletes can be classified
between C1-5.

e Handcycle division (H class): athletes that
are impaired in the lower limbs due to
upper limb impairments in the vertebrae,
including paraplegics and amputees.
Athletes can be classified between H1-H5.

e Tricycle division (T class): athletes who are
unable to ride a bicycle due to lack of
balance and/or severe restriction in
pedalling due to spasticity, ataxia, athetosis,
and dystonia. Athletes can be classified
between T1-2.

“Guides” or “Pilots”, for those athletes with
visual impairments, were also included in the
sample. Ethical approval was granted by the
University of Derby Ethics Committee
(ETH2223-1242).

2.2 Data Collection

Data were collected and recorded by the
physiotherapists within the Great Britain
Cycling Team (GBCT) medical team. The data
set was created based upon the categories
outlined in the “International Olympic Committee
consensus statement: methods for recording and
reporting of epidemiological data on injury and
illness in sport”.® Only time loss injuries were
collected; the medical team would meet weekly
to cross reference the collated data. Once the
athlete returned to non-modified training, the
numbers of days lost due to injury were
recorded. Since multiple individuals were
involved in the data collection process, the data
were cleaned and sorted. This was to detect,
diagnose, and edit faulty data.?’ Furthermore,
the data were sorted into a standardised unit or
group to avoid any human error that may have
Lastly, the
clarification of data recording was cross

caused statistical errors.
referenced with the medical documentation

database used by GBCT.
2.3 Injury Definition

The definition for “time loss injury” as
utilised in this investigation was in accordance
with the “International Olympic Committee
consensus statement: methods for recording and
reporting of epidemiological data on injury and
illness in sport”.’® The statement defines a time
loss injury as a “health problem that results in
a player being unable to complete the current
or future training session or competition”.!” For
this study the following variables were
collected: class, impairment, age, years in elite
cycling, event group (sprint or endurance), site
of injury, tissue, pathology, diagnosis, onset
(acute or chronic), when the injury occurred
(training or competition), the type of training
or competition session, the mechanism of the
injury, whether the injury was new or
reoccurring, and the total modified days (time
loss).

Journal of Science and Cycling, 2026, Volume 15, Issue 1, Article 5 — http://doi.org/10.28985/1526.jsc.05 Page 3


http://doi.org/10.28985/1526.jsc.05

2.4 Data Analysis

Data were collected in MS Excel before
being analysed wusing a custom written
MATLAB software (Version 8) script. Initially
injury distribution, mechanism, and site of
injury were analysed in isolation before multi-
factorial analysis were completed to provide
greater insight into the nature and incidence of
injury. Data were reported as the total number
of injuries relating to each factor.

3 Results
3.1 Total Injuries and Injury Distribution

A total of 93 injuries were recorded in the
four-year period (Table 2). Twenty-six of the
overall squad sustained an injury (72%), 11 in
the para-sprint (eight athletes and three
guides) and 15 in the para-endurance group (13
athletes and two guides). Thirty-four injuries
were sustained by female participants (nine
athletes) and 54 injuries by male participants
(17 athletes). Within events, 35 injuries were
sustained in the para-sprint group (11 athletes)
and 58 in para-endurance participants (15
athletes). Despite making up only 25% of the
overall squad, C-class athletes sustained the
(565.91%);
athletes accounted for the highest incidence of
injuries in the squad (40.86%). In addition, C-
class, para-endurance athletes were the only

most  injuries para-endurance

class where every member of the group
sustained an injury. The second highest injury
rate was observed in guides (22.58%).

3.2 Mechanism of Injury

The mechanism for injury occurrence was
highest in gym-based activities making up
25.92% (n=27) of all injuries (Figure 1). Within
this category, trap bar deadlift was the most
frequent gym-based activity for injury
occurrence (n=7). Crashes contributed to
21.12% (n=22) of all injuries and had a higher
incidence rate in para-endurance athletes
(n=17). Starts contributed to 13.44% of injury
occurrences and was exclusive to track
activities with an even distribution between
athletes.

Intensity and duration as injury mechanisms

para-sprint and para-endurance
were almost exclusively observed in para
endurance (100% and 83% respectively).

Index (new) injuries made up 68% of all
injuries (n=63), with re-injury (18%; n=17) and
exacerbation (14%; n=13) making up the
remainder of the injuries. Forty-six injuries
were classified as acute sudden onset, 44 as
repetitive gradual onset and three planned
surgeries that led to cessation of normal
training/competition. Training accounted for
the highest injury incidence (n=74).

Table 2. Injury distribution for the four-year period by class and event

Athletes injured / Injuries/class % of overall squad % of total injuries in
Class Event . .
class (n) (n) injured class
B Para-sprint 4/5 10 11.11 10.75
Para-endurance 2/3 7 5.56 7.53
C Para-sprint 4/5 14 11.11 15.05
Para-endurance 9/9 38 25.00 40.86
H Para-sprint 0/0 0 0.00 0
Para-endurance 1/3 2.78 1.08
T Para-sprint 0/0 0.00 0
Para-endurance 1/2 2.78 2.15
. Para-sprint 3/6 11 8.33 11.83
Guide
Para-endurance 2/3 10 5.56 10.75
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Figure 1. Mechanisms of total injuries, re-injuries, and exacerbations.
ADL=activities of daily living; exacerbation=injury because of existing symptoms

3.3 Site of Injury

The sacroiliac joint (SIJ) sustained the most
injuries of any body part (n=27) as well as the
highest incidence of index and re-injuries
(Figure 2). Acute sudden onset and repetitive
gradual onset for SIJ/Lumbar injuries were
evenly distributed (n=14 and 13 respectively),
however the mechanism was largely influenced
this
accounted for 44% (n=12) of all injuries. The trap

by non-cycling gym-based activities;

bar deadlift and squat accounted for 83% of gym
based SIJ/Lumbar and 3
respectively). The second highest reported

injuries  (n=7
mechanism for SIJ/lumbar was due to starts in
track-based activities (n=6).

The knee sustained 15 of the 93 injuries, these
were primarily overuse injuries classified as
repetitive gradual onset (n=10). Acute sudden
onset knee injuries were all due to crashes or

falls (n=3). A wide range of mechanisms for
knee injuries were observed (intensity=4,
duration=2, starts=2, leg press=2, planned
surgery=2). The shoulder accounted for 13
injuries, the primary mechanism due to crashes

and falls (n=6).

Injuries to the hip/groin accounted for 10
injuries and the onset was distributed between
both acute and repetitive exposures to activities
(n=4 and 5 respectively), with one planned
surgery. The mechanism was primarily due to
gym-based activities with 60% of injuries
occurring in this setting while performing trap
bar deadlifts (3), cleans (2) and squats (1).
Injuries to the head and extremities accounted
for 6.72% of injuries for each location, the
mechanism of injury for these body parts were
almost exclusively due to crashes.
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Figure 2. Site of total injuries, re-injuries and exacerbations.

SIJ=sacroiliac joint; Extremities= ankle, foot, hand, wrist, stump. Exacerbation=injury because of existing symptoms
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3.4 Days Modified

Total days modified due to injury were the
highest for the head area (78.43 + 107.17 days)
followed by the hip/groin (48.00 + 69.30 days),
shoulder (35.15 + 32.21 days), elbow (33.25 +
17.08 days) and neck (33.00 + 49.49 days) (Table
3). The lowest days modified were shown for
injuries in the saddle area (7.50 + 0.71 days).
Noteworthy is the large ranges observed for
days modified at each injury site (Table 3).

Table 3. Total days modified and range per injury site

Days modified Days modified
Body part/site );n +SD) i’ange ()
Head 78.43 +107.17 5-291
Hip/groin 48.00 £ 69.30 4-233
Shoulder 35.15+32.21 2-103
Elbow 33.25+17.08 12 -53
Neck 33.00 +49.49 3-90
Knee 2647 +41.44 3-126
SIJ/Lumbar 24.15 + 37.55 3-167
Extremities 18.71 + 14.47 2-45
Torso/Rib 12.67 +13.61 2-28
Thigh 12.00 + 8.49 6-18
Saddle area 7.50 +0.71 7-8

4 Discussion

The findings of this study are unique in that
chronic and repetitive gradual onset injuries
were observed to be the most prevalent in
para-cycling. This contrasts existing literature
which has previously demonstrated that acute
injuries are most common in para-cyclists and
highlights the importance of longitudinal
study designs.>!° The most important finding
of this investigation was that, in the C-class,
every member (100%) of the para-endurance
group sustained an injury and overall, the
highest number of injuries were also observed
within this group (n=58) (Table 1).
Additionally, the sacroiliac joint and lumbar
region of the spine sustained the most injuries
for both acute sudden onset and repetitive
gradual onset injuries in the para-endurance

group (Figure 2).

The results showed that gym-based activities
such as the squat and trap bar deadlift are the
inciting events for most injuries at this joint
(Figure 1). Therefore, sub-optimal lifting
technique, and additional load to tissues
concurrently with time training in flexed riding
positions could be causing an increased risk of
lumbopelvic injuries. This is also supported by
the fact that 18 of the 22 sacroiliac joint injuries
also had signs of instability and weakness. This
strength deficiency and instability around the
lumbopelvic region could increase load to other
tissues (tendons and joints) around the hip and
groin during high force activities in the gym and
on the bike. Therefore, it is important to ensure
that cyclists are familiar with the correct lifting
techniques and form to reduce the risk of injury
in the gym. It is well known that the sacroiliac
joint is capable of substantial bending moments,
but vulnerable to shear forces which can cause
injury.? This can occur when squatting and
deadlifting high loads which requires higher
trunk muscle activity to counteract the anterior
shear forces on the sacroiliac joint? 2
Additional exercises may also be implemented
to strengthen the lower limbs while reducing
injury risk by minimising shear forces at the SIJ.
Furthermore, it has been suggested that non-
contact injuries, such as those at the SIJ, are not
caused by the training as such, but more likely
by inappropriate program design, or the athlete
not sticking to the prescribed program.? 2
Excessive and rapid increases or spikes in
training load are responsible for many non-
contact soft tissue injuries and therefore it is
important to consider optimal program design
to ensure a balance between acute and chronic
loads.”> Having a holistic periodised approach
to workload linking time on bike and gym-
based exposures to the lumbar region is
important for riders to build tolerance to
specific positions (both in the gym and on the
bike) and provide overload and progression
needed to perform optimally.
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The frequency of SIJ and lumbar spine
injuries may be related to the position adopted
by riders on the bike and to the time spent in
the saddle. Aggressive, aerodynamic bike
positions often adopted by track riders where
the trunk is horizontal can expose the lumbar
spine and ligamentous structures of the SIJ to
high levels of mechanical stress.”? High
volumes of training in prolonged flexed
posture such as this can also exacerbate the risk
of injury to the spine.?® Furthermore, the
lumbar and SIJ sites may already be
compromised joint/areas for C-class athletes
who were particularly susceptible to spinal
injuries. C-class athletes have range of motion
limitations and impaired muscle function
which may result in reduced strength and
endurance of the spinal muscles, increase
anterior pelvic tilt, and contribute to increased
risk of lower back injury.’ 23! Furthermore,
rider position on the bike was traditionally less
aggressive compared to the more modern-day
posture adopted during both training and
competition. Therefore, it is essential that
position optimisation of riders is considered
for injury risk and that appropriate trunk
stability, strengthening and pelvic floor muscle
training are performed.? 32 3 However, other
intrinsic factors, for example, training load and
impairment limitations also need to be
considered for optimal bicycle configuration®,
an area that requires further research and
perhaps a collaborative approach between the
coach,

physiotherapist,  strength ~ and

conditioning coach and biomechanist.

Crashes were the second most common
cause of injury, also most prevalent in para-
endurance cyclists (Figure 1), with the
shoulder and the knee joint most impacted by
this type of event. This is similar to previous
research in both para- and able-bodied cyclists
with injuries including fractures (specifically of
the clavicle), abrasions, and bruises.’?* The fact
that para-endurance athletes are most prone to

crashes, however, is most likely due to an
increased frequency of outdoor riding and
exposure to external, uncontrollable factors,
when compared with sprinters who almost
exclusively ride in a more controlled indoor
environment. The next most frequent cause of
injury was overuse, particularly at the knee
joint. This is similar to previous literature®
which has shown that likely causes include
increased  medial projection of the
patellofemoral joint and altered activation of
the vastus lateralis and vastus medialis
muscles.?® Furthermore, it has been shown that
knee injury risk is exacerbated by long
durations on the bike, inadequate preparation,
inappropriate equipment set-up, and poor
technique.® It is important to consider these
factors multi-factorially when preparing
athletes for competition, especially those that
are long in duration. Standing starts accounted
for 13.44% of injuries which is most likely due
to high force exertion during this activity.”
Lastly, training accounted for the most injuries
in the four-year period. This is to be expected
as athletes spend more time training than
competing.

5 Practical Applications

The findings of this study have key practical
applications. The para-athletes sustain a
number of overuse gradual onset injuries,
particularly of the SIJ/Lumbar spine area.
Identifying the mechanisms of injury and
problematic areas of weakness could lead to
mitigating interventions such as,
preconditioning and prehabilitation with
individualised changes to the athlete’s
programme. This would include the
multidisciplinary team around the athlete and
the athlete Additional

consideration is needed to ensure the athletes

themselves.

have a bespoke program which considers their
personal altered physicality and biomechanics.
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6 Conclusions

This is the first longitudinal study to
quantify the nature and incidence of injuries in
elite paralympic cyclists from a holistic
perspective. Most importantly, endurance
athletes are most prone to injuries specifically,
at the lower back and sacroiliac joint. While the
inciting event has been identified as the load
bearing exercises in the gym, this is most likely
due to other factors such as sub-optimal
program design, spikes in acute workload
(load monitoring errors), and technical
incompetencies and techniques. Practitioners
and coaches should consider these factors
when implementing training programs as well
around the

as strengthen the muscles

lumbopelvic hip complex. Furthermore,
trainers need to consider training frequency,
intensity, and duration to avoid repetitive
gradual overuse injuries which also occur at
the knee joint. Lastly, it is important that
athletes undergo a position optimisation
process to avoid compromised positions for

long periods of time.
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