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large sample size. For the subgroup analyses, if there was no 
overlap between 95% CIs between subgroups, we interpreted 
that each subgroup provided different estimates. All analyses 
were performed using Comprehensive Meta-Analysis, V.2.0 
(Biostat, Englewood, New Jersey, USA).

RESULTS
Flow of studies
The electronic search strategy identified 4092 records from the 
selected databases after excluding duplicates. After screening 
titles, abstracts and reference lists, 74 potentially relevant records 
underwent full-text review, including one additional study found 
by handsearching. Twenty-three studies failed to meet the inclu-
sion criteria, eight studies did not provide information after 
contact and one study was excluded because it reported data 
from the same event, using similar methodology, and using the 
same injury definition than another included study. Thereby, 42 
studies were included in this review. Figure  1 shows the flow 
chart of studies through the review.

Characteristics of included studies
Twenty-five out of 42 studies included reported both injury 
prevalence and incidence rates,7 22–45 7 studies only reported 
prevalence data46–52 and 10 studies only reported incidence 
rates.3 53–61 Of the 35 studies with incidence data, 20 studies 
reported injury incidence rate per days,3 22–29 33 39 41–44 53 55–58 
5 studies reported incidence per hours,31 32 34 59 60 5 studies 
reported injury incidence rate in different competitions,35–37 45 54 
three studies differentiated the injury incidence rate between 
precompetitive and competitive periods,7 30 40 one study 
reported injury incidence rate per 1000 athlete exposures,61 
and one study reported injury incidence rate per 100 athlete 
competitions.38 The number of participants ranged from 1132 
to 3657,7 with a mean of 390.9 participants and median of 
135.5. Regarding sex, 2 (4.8%) studies were conducted with 
females,47 50 4 (9.5%) with males22 33 36 58 and 36 (85.7%) with both 
sexes.3 7 23–32 34 35 37–46 48 49 51–57 59–61 Six studies were performed with 
wheelchair para athletes,22 27 33 47 50 59 11 studies with ambulant 
para athletes25 32 34–38 41 44 52 58 and 25 studies with both wheelchair 

Figure 1  PRISMA flow chart of studies through the review. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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and ambulant para athletes.3 7 23 24 26 28–31 39 40 42 43 45 46 48 49 51 53–57 60 61 
Twenty studies were sport-specific,3 22–24 26–28 32 33 35–37 41 44 47 50 52 53 55 59 
19 were multisport7 25 29–31 38–40 42 43 45 46 48 49 54 56–58 60 and 3 
studies did not report para sport modality.34 51 61 Ten studies 
did not report para athlete disabilities,26 28–30 39 42 54 57 59 61 22 
studies presented information about classification level of para 
athletes,3 7 22 24 26 31 35–41 43 44 48 50 52 55 57–59 23 studies specified the assistive devices 
used by para athletes,3 7 22 24 26–28 30 31 33 39 40 46–48 50 51 53 55–57 59 60 
and in 30 studies the injury diagnosis was confirmed by a medical 
practitioner.3 7 23 25 26 28–31 33–40 45 46 48 50 51 54–61 Only five 
studies presented longitudinal prospective design,23 31 34 59 60 
while 37 studies reported retrospective or competitive events 
data.3 7 22 24–30 32 33 35–58 61 Online supplemental material 2 shows 
the characteristics of the included studies and demonstrates the 
level of inconsistency in injury definitions and the report of para 
athletes’ exposure (days, hours or competition).

Quality assessment
Methodological quality issues are reported in table  1. 
None of the studies had a negative or unclear answer to 
item 2, 22 studies did not present appropriate sample 
size,22–24 27 31–37 41 44 45 47–50 52 53 55 59 18 studies did not use valid 
methods for data collection or did not clearly present the methods 
used for data collection,24 27 29 34–38 44 49 51–54 56 57 59 60 and 5 studies 
had a negative or unclear answers to item 8.24 29 32 53 54 Twen-
ty-one studies scored ≤6 out of 9.23 24 27 29 32 33 35–38 45 47 49–54 56 57 59 
Mean (SD) methodological quality of the included studies was 
6.3 (1.8) out of 9 (ranging from 0 to 9).

Prevalence of musculoskeletal injuries in para athletes
The pooled prevalence estimates including data from 30 studies 
(n=12 151)7 22–25 27 29–52 found was 40.8% (95% CI 32.5% to 
49.8%; I2: 97.7%; prediction interval: 0.1–0.8). The overall 
quality of evidence was rated as very low quality (ie, down-
graded due to imprecision, indirectness and inconsistency) 
(table  2). The subgroup analysis based on higher and lower 
methodological quality revealed no significant difference. The 
pooled estimate for studies with higher methodological quality 
(n=10 408)7 22 25 30 31 34 39–44 46 48 was injury prevalence of 34.7% 
(95% CI 25.4% to 45.4%; I2: 98.2%; prediction interval: 
0.1–0.8) and for studies with lower methodological quality 
(n=1743)23 24 27 29 32 33 35–38 45 47 49–52 was 47.4% (95% CI 32.1% 
to 63.3%; I2: 95.8%; prediction interval: 0.1–0.9) (figure 2). For 
the subgroup analysis based on study sample size, studies with 
large sample size showed significantly lower prevalence estimate 
than studies with small sample size. While studies with large 
sample size (n=11 068)7 25 29 30 38–40 42 43 46 51 showed injury prev-
alence of 18.5% (95% CI 12.7% to 26.1%; I2: 98.3%; predic-
tion interval: 0.1–0.6), the prevalence estimate from studies 
with small sample size (n=1083)22–24 27 31–37 41 44 45 47–50 52 was 
58.3% (95% CI 48.2% to 67.8%; I2: 88.1%; prediction interval: 
0.2–0.9) (online supplemental material 3).

Incidence rate of musculoskeletal injuries in para athletes
For incidence rate, the pooled estimate including data from 20 
studies (n=11 608)7 22–25 27 29 30 33 39–45 53 55–57 that reported injury 
incidence rate per days and also the number of injuries, sample 
size and exposure in days. The incidence rate was 14.3 injuries 
per 1000 athlete-days (95% CI 11.9 to 16.8; I2: 98.4%; predic-
tion interval was 0.1–0.2). The overall quality of evidence was 
rated as low quality (ie, downgraded due to imprecision and indi-
rectness) (table 2). The subgroup analysis showed a significant 
lower incidence rate in studies of higher methodological quality St
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as compared with studies with lower methodological quality. The 
pooled estimate for studies with higher methodological quality 
(n=9999)7 22 30 39–44 55 was injury incidence rate of 11.7 per 1000 
athlete-days (95% CI 8.9 to 14.5; I2: 98.6%; prediction interval 
was 0.1–0.4) and pooling of 1609 para athletes from studies 
with lower methodological quality23 24 27 29 33 45 53 56 57 estimated 
the injury incidence of 23.1 per 1000 athlete-days (95% CI 
17.1 to 29.2; I2: 98.4%; prediction interval was 0.1–0.4) 
(figure  3). The subgroup analysis showed no clear difference 
with regards to sample size. While studies with large sample 
size (n=10 981)7 25 29 30 39 40 42 43 56 57 estimated an injury inci-
dence rate of 14.4 per 1000 athlete-days (95% CI: 11.1 to 17.7; 
I2: 98.8%; prediction interval was 0.1–0.2) studies with small 
sample size (n=627)22–24 27 33 41 44 45 53 55 showed an incidence 
rate of 14.7 per 1000 athlete-days (95% CI: 11.1 to 18.5; I2: 
97.4%; prediction interval: 0.1–0.3) (online supplemental mate-
rial 4).

Injury profile in para athletes
Eighteen studies found that the shoulder was the body location 
most frequently affected by injuries,7 22 23 26 28 30–33 39–42 44 46–48 59 
mainly in sports with non-ambulant para athletes, like wheel-
chair basketball,22 wheelchair rugby,33 wheelchair foil fencer59 
and powerlifting.26 28 In other four studies, most of the injuries 
occurred in upper limbs.27 52 53 61 Nine studies reported that 
lower limbs injuries were the most common for ambulant para 
athletes,24 34 36–38 43 51 58 60 and in three studies, the trunk was 
the most frequently injured region.35 54 55 Four studies found 
similar prevalence of upper and lower limb injuries,3 29 56 57 and 
four studies did not report injuries by body location.25 45 49 50 In 
general, strain, sprains and contusions were the most common 
injuries in para athletes.3 24 25 29 31 33–38 41 45 46 49 52 54 55 59–61 Most 
of the studies that included sudden and gradual onset injuries 
reported that sudden onset injuries are more frequent than 

Table 2  Evidence table for outcome measure

Outcomes Risk of bias* Imprecision† Indirectness‡ Inconsistency§ No of para athletes Quality

Injuries prevalence in para athletes No serious risk of bias Serious imprecision Serious indirectness Serious inconsistency 12 151 Very low quality

Injuries incidence rate in para athletes No serious risk of bias Serious imprecision Serious indirectness No serious inconsistency 11 608 Low quality

*More than 25% of studies with a risk of bias (ie, inappropriate sampling method or statistical analyses).
†More than 25% of studies with small sample size.
‡More than 25% of studies did not use valid and reliable methods for data collection.
§Heterogeneity across the studies (prediction interval has a variation ≥0.5 between upper and lower limits).

Figure 2  Meta-Analysis for overall injuries prevalence in para athletes and subgroup analysis for studies with higher and lower methodological 
quality.
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gradual onset injuries and only one study reported similar data 
for gradual and sudden onset injuries.45 Between winter sports, 
para alpine skiing/snowboard had a higher incidence rate of inju-
ries,39 40 while between summer sports, football 5-a-side had the 
highest injury incidence rates7 30 (online supplemental material 
5).

DISCUSSION
The purpose of this systematic review with meta-analysis was 
to investigate the prevalence, incidence and profile of muscu-
loskeletal injuries, including body location, type of injury and 
sports with the highest number of injuries, in para athletes. Our 
findings showed that musculoskeletal injury prevalence in para 
athletes was 40.8% (95% CI 32.5% to 49.8%) and musculoskel-
etal injury incidence rate was 14.3 injuries per 1000 athlete-days 
(95% CI 11.9 to 16.8). According to the GRADE system, pooling 
of studies on injury prevalence in para athletes provided very 
low-quality evidence, and pooling of studies on injury incidence 
rate provided low-quality evidence. The subgroup analysis based 
on study sample size showed a significant lower injury prevalence 
(18.5%, 95% CI 12.7% to 26.1%) in studies of large sample size 
in comparison to studies with small sample size (58.3%, 95% CI 
48.2% to 67.8%). The subgroup analysis based on methodolog-
ical quality showed a significant lower injury incidence (11.7 
per 1000 athlete-days, 95% CI 8.9 to 14.5) in studies of higher 
methodological quality as compared with studies with lower 
methodological quality (23.1 per 1000 athlete-days, 95% CI 
17.1 to 29.2). Sudden-onset injuries were more frequent than 
gradual onset injuries. Strains, sprains and contusions were the 
most common injury type and the body regions most frequently 
affected were the shoulder for wheelchair athletes and the lower 
limbs for ambulant para athletes.

Prevalence and incidence rates of musculoskeletal injuries 
in para athletes are higher than in able-bodied athletes. For 
example, during the last summer Paralympic Games (Rio 2016), 
the prevalence of injuries was 12.1%,7 while in the Olympic 
Games in the same year it was 8%.8 Incidence of injuries 
followed the same pattern, with 10 injuries per 1000 athlete-
days in Paralympic Games7 and 5.7 injuries per 1000 athlete-
days during the Olympic Games.8 The high injury prevalence 
and incidence rates in para athletes show that the mechanisms 
of occurrence of musculoskeletal injuries in this population 
need to be better understood. Para athletes can be categorised 
in different groups, varying between para athletes with loss of 
muscle strength and para athletes with intellectual impairment.11 
Then, these different profiles of para athletes require different 
approaches to treat and prevent the occurrence of musculo-
skeletal injuries. Furthermore, para athletes use different equip-
ment to compete, such as a wheelchair or prosthetic devices, 
which increases the complexity of strategies designed to reduce 
injury risk.4 Sports injuries in para athletes, unlike able-bodied 
athletes, can also be related to their own disability or to the 
assistive device they use in their daily lives. For this reason, to 
better understand para athletes’ injuries and related factors, full 
knowledge of the specificities of the sport modality and the para 
athlete classification level are required to design and implement 
more individualised approaches. However, some studies still do 
not report this type of information.13 62 63 Although most of the 
included studies reported the type of disability (76%) and had 
injury diagnosis confirmed by a medical practitioner (70%), 
almost half did not provide information about the para athlete 
classification level or the use of assistive devices. One of the few 
studies that provided this information demonstrated that para 
athletes that did not use any assistive devices had a higher injury 

Figure 3  Meta-Analysis for overall injuries incidence rate in para athletes and subgroup analysis for studies with higher and lower methodological 
quality.
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prevalence.48 Thus, future studies should report this information 
to allow better understanding on para athlete injuries profile and 
related factors.

The subgroup analysis showed that the estimated preva-
lence and incidence of musculoskeletal injuries in para athletes 
was influenced by the studies’ sample size and methodological 
quality, respectively. More specifically, studies with small sample 
size overestimated the injury prevalence (58.3%) in comparison 
to studies with large sample sizes (18.5%). For injury incidence 
rate, studies with higher methodological quality showed signifi-
cantly lower incidence (11.7 per 1000 athlete-days) than studies 
with lower methodological quality (23.1 per 1000 athlete-
days). This also was observed in previous systematic review 
with athletes with disability that reported a lower injury risk in 
studies with larger sample populations and higher methodolog-
ical quality.13 There are fewer large competitions in para athlete 
sports in comparison to able-bodied sports, which may help to 
explain the small number of studies with appropriate sample size 
to estimate prevalence and incidence of musculoskeletal inju-
ries in para athletes.64 Most of these large sample studies were 
performed during Paralympic games,7 29 30 39 40 which might not 
represent injuries rates in non-elite para athletes. Large para 
athletes training centres and national organisations are key 
to the development of future studies with large samples, high 
methodological quality and including prospective data collection 
throughout different seasons, which will provide more consis-
tent information regarding musculoskeletal injuries in para 
athletes. Nevertheless, the high prevalence and incidence rates 
data showed by the present review highlight the need to better 
understand and hopefully prevent the occurrence of musculo-
skeletal injuries in para athletes.

The shoulder was the most affected body region in wheelchair 
para athletes, which can be explained by the higher demands of 
the upper limbs in their daily activities4 and during sports prac-
tice. Studies that assessed scapular kinematics in wheelchair para 
athletes demonstrated scapular asymmetries during wheelchair 
propulsion65 66 that, along with muscle imbalance and excessive 
training load, may increase the occurrence of shoulder inju-
ries.67 68 Most of the ambulant para athletes were from sport 
modalities that have the highest injury incidence rates in summer 
Paralympic Games, such as football 5-a-side and athletics, which 
might help to explain why the lower limbs were the body regions 
most frequently affected in these para athletes.7 30 In the present 
review, sudden onset injuries were more frequent than gradual 
onset injuries. This may be related to the fact that gradual-onset 
injuries are often under-reported, since most of the injury defi-
nitions are based on ‘time-loss’ or ‘medical attention’13 and few 
studies performed a longitudinal follow-up,23 31 34 59 60 so conse-
quently might not detect most of the gradual-onset injuries.

Our results regarding location and type of musculoskeletal 
injuries are in agreement with the results of non-systematic 
reviews.9 10 69 The heterogeneity in para sports, due to a large 
number of modalities and also to the different athlete classifica-
tion levels for the same modality, increases the inconsistency of 
information about prevalence and incidence of musculoskeletal 
injuries in para athletes. In addition, the heterogeneity in the 
methods used by studies with para athletes, compromises pooling 
of data. One of the main problems is the different musculoskel-
etal injury definitions. Similar to Olympic sports, para sports 
also has a wide variety of injuries definition.70 As an attempt 
to solve this problem, the International Olympic Committee 
very recently established a consensus statement about methods 
for recording and reporting of epidemiological data on injury 
and illness in sport.71 A similar consensus should be developed 

for Paralympic sports and their specificities. Finally, most of the 
studies used different procedures to report prevalence and inci-
dence rate data, did not mention a clear definition of these vari-
ables, and did not present all information used to compute these 
data, such as number of injuries, number of athletes injured, the 
total number of athletes and exposure.18 As well as data records, 
studies should use valid and reliable methods to assess injuries 
rate, such as the Oslo Sports Trauma Research Center Question-
naire on Health Problems .23 72

Weiler et al13 conducted a systematic review of sports inju-
ries in athletes with disabilities and also demonstrated high 
variability in reported injury rates. They suggested that future 
studies should better define injury, use standardised methods 
of data collection and report para athletes demographic data 
to improve quality of injury epidemiological data. Following 
these steps and focusing on para athletes specificities, future 
researches will allow the construction of a more consistent and 
robust knowledge about musculoskeletal injuries in para athletes 
that will allow para athletes, sport teams and institutional boards 
to elaborate more effective approaches to the injury in para sport 
problem.

This study had some limitations. First, age or level of sports 
participation were not defined as exclusion criteria, which 
allowed a wider range of included studies and consequently 
increased heterogeneity levels in the data. However, as studies 
with para athletes are less common, we had to use less restricted 
inclusion criteria to review data on musculoskeletal injuries 
in this population. Level of competition, classification levels, 
injury severity and type of injury might also influence on esti-
mated prevalence and incidence rates of injuries in para athletes 
and were not controlled in this review. However, this was not 
possible because most of the studies did not report this infor-
mation. The strength of the current evidence was downgraded 
due to imprecision, indirectness and inconsistency about injury 
prevalence and downgraded due to imprecision and indirectness 
about injury incidence rate in para athletes, presenting very low-
quality and low-quality evidence, respectively.

Future high-quality studies with consistent information on the 
parameters used to calculate the injury prevalence and incidence 
rate, and valid and reliable methods for data collection are likely 
to impact on the estimated prevalence and incidence of muscu-
loskeletal injuries in para athletes. To improve the quality of 
injury epidemiological data in para athletes, studies must prop-
erly define injury, including their type of presentation (sudden 
or gradual onset), severity and also follow the recommendations 
in the scientific literature regarding the appropriate methods to 
report athlete exposure and to inform about injuries risk and 
burden.71 In addition, studies should report para athlete’s demo-
graphic data, including type of disability, equipment used for 
sport practice or during daily activities, level of competition and 
other relevant daily demands, such as side jobs. Finally, more 
prospective studies that investigate the relationship between 
modifiable factors and injuries occurrence in para athletes, such 
as use of equipment and training and competition volume and 
intensity may form the basis for the design of more effective 
strategies to prevent and manage injuries in para athletes.

CONCLUSION
The reviewed studies demonstrated that musculoskeletal injury 
prevalence in para athletes was 40.8% (95% CI 32.5% to 49.8%) 
and injury incidence rate was 14.3 injuries per 1000 athlete-
days (95% CI: 11.9 to 16.8). The subgroup analysis based on 
study sample size showed a significant lower injury prevalence 
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in studies of large sample size as compared with studies with 
small sample size. For the incidence rate, studies with higher 
methodological quality showed a significant lower injury inci-
dence rate in comparison to studies with lower methodological 
quality. Sudden-onset injuries are more frequent than gradual 
onset injuries in para athletes. Shoulder was the body region 
most commonly injured for non-ambulant para athletes, while 
lower limbs were the most frequently injured region for ambu-
lant para athletes. The heterogeneity between para athletes and 
the poor methodological quality of the studies promote greater 
inconsistency in the information on the injury prevalence and 
incidence in para athletes. Therefore, current very low-quality 
and low-quality evidence suggests that prevalence and incidence 
rate, respectively, are likely to change with future high-quality 
studies, observing a large sample size, systematic data collection 
with reliable and validated methods and with attention to the 
specificities of para athletes. Findings of this systematic review 
demonstrate that para athletes, sports teams and para sport insti-
tutional boards should be aware of the high prevalence and inci-
dence levels of musculoskeletal injuries in para athletes.

What is already known

►► The heterogeneity in para sports increases the inconsistency 
of information about prevalence and incidence of 
musculoskeletal injuries in para athletes.

►► There is still a need for consensus on epidemiological 
research methodology, including sports injury definition in 
para sports.

►► In para athletes, shoulder is the most frequently affected 
body location by injuries in non-ambulant para athletes, and 
lower limbs injuries are the most common in ambulant para 
athletes.

What are the new findings

►► This was the first systematic review with meta-analysis on 
injury prevalence and incidence in para athletes that uses 
Grading of Recommendations Assessment, Development and 
Evaluation recommendations to assess the overall quality of 
evidence.

►► The subgroup analyses revealed that the sample 
size influenced the estimated injury prevalence and 
methodological quality influenced the injury incidence rate.

►► Between winter sports, para alpine skiing/snowboard had the 
highest incidence of injuries, while between summer sports, 
football 5-a-side had the highest incidence of injuries.

Twitter Evert Verhagen @Evertverhagen
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