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ABSTRACT

Objectives: This study i) described the prevalence of clinically diagnosed shoulder and knee osteoarthritis among

retired male professional rugby players, ii) determined the association of severe injury and related surgery with

shoulder and knee osteoarthritis, and iii) described players' level of shoulder and knee function and compared it

to matched controls.

Design: Observational study with a cross-sectional design using questionnaires.

Methods: Retired professional rugby players and matched controls from a non-elite sporting background were re-

cruited. Single questions and validated questionnaires determined clinical shoulder and knee osteoarthritis as

well as shoulder and knee function. Logistic regression analysis was conducted to examine potential associations,

whilst comparisons with matched controls for shoulder and knee function were explored using the Mann-Whitney

test for independent samples.

Results: Fourteen percent of the retired male professional rugby players (n = 146; mean age = 39.6 years) had clin-

ical shoulder osteoarthritis and 23 % had clinical knee osteoarthritis. Every shoulder surgery doubled retired rugby

players' odds of having clinical shoulder osteoarthritis (odds ratio = 2.1; 95 % confidence interval = 1.1-3.9) and

every knee surgery doubled retired rugby players' odds of having clinical knee osteoarthritis (odds ratio = 2.0;

95 % confidence interval = 1.2-3.3).

Conclusions: Clinical shoulder and knee osteoarthritis is a common medical condition among retired professional

rugby players. Long-term consequences should be considered when managing shoulder and knee injuries during

professional rugby players' careers.

© 2025 The Author(s). Published by Elsevier Ltd on behalf of Sports Medicine Australia. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Practical implications

 The increased odds of developing clinical OA should be discussed with
rugby players before treatment for shoulder and knee injuries is decided.

» Long term consequences of treatment should be considered when « Tailored support should be provided for professional rugby players after
managing shoulder and knee injuries during professional rugby retiring from the game to promote their long-term health.

players' careers.

* Corresponding author.

1. Introduction
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its physical intensity and powerful collisions. Rugby has one of the
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highest sports injury rates,' especially at an elite level, with 91 injuries
occurring per 1000 h of match play.? Concussion is the most frequently
reported injury in rugby, with over 80 % of players sustaining one or
more concussions during their careers.> Upper/lower back and knee lig-
ament injuries are also often reported affecting 69 % and 68 % of players
respectively during their careers.? After retiring from the game, many
players experience various health issues, with osteoarthritis (OA)
being a common condition among retired elite rugby players.*

OA is a complex degenerative joint condition that results in pain,
functional decline and a lower quality of life.> OA most commonly af-
fects the knees, hips, and hands in the general population, whilst in
elite athletes the knees, hips and ankles are most often affected.® Early
diagnosis and intervention are crucial for managing the condition.” A
recent scoping review showed that between 51 and 60 % of retired
elite rugby players had been diagnosed with OA, which was signifi-
cantly higher compared to retired non-contact sportsmen,* whilst a
2017 study found 9 % of former elite male rugby players had knee
replacements.® One study on retired elite rugby players showed 4 % of
this population had been diagnosed with hand OA and 2 % with wrist
OA,° whilst another study found 5 % of former professional rugby
players were diagnosed with ankle OA.'® However, the scoping review
mentioned above found no research on the prevalence of shoulder or
knee OA in retired elite rugby players.*

From amateur to elite levels, rugby players often experience shoul-
der injuries, including significant damage to the joint's soft tissue
structures'! that can lead to shoulder OA.'? After the head, the knee is
the body part most frequently injured in rugby.> Severe knee injuries
can result in extended periods of recovery.'® Research has shown that
retired semi-professional rugby players who sustained knee injuries
during their playing careers had lower knee functioning than those
who did not experience knee injuries.!* However, despite the extent
of shoulder and knee injuries in rugby, scientific evidence on shoulder
and knee OA in retired elite rugby players is lacking.*

Therefore, this study had three objectives. Firstly, to describe the prev-
alence of clinically diagnosed shoulder and knee OA among retired male
professional rugby players. Secondly, to determine the association of se-
vere injury and related surgery with clinically diagnosed shoulder and
knee OA among retired male professional rugby players. Lastly, to describe
the level of shoulder and knee function among retired male professional
rugby players and compare it to matched controls from the participants'
social circle, who come from a non-elite sporting background.

2. Methods
2.1. Design

An observational study with a cross-sectional design was conducted
using questionnaires. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement was followed to guarantee
the quality of reporting.'” Ethical approval for the study was provided
by the Medical Ethics Review Committee of the Amsterdam University
Medical Centers, location Academic Medical Center (W16_366#16.431;
Amsterdam, the Netherlands). The study was conducted in accordance
with the Declaration of Helsinki (2024).16

2.2. Participants and matched controls

The study population consisted of retired professional rugby players
recruited by the International Rugby Players (IRP), the global represen-
tative body for professional rugby players. Retired professional rugby
players up to 50 years old, male, and able to read and comprehend En-
glish or French texts were included. In our study, the definition for a re-
tired professional rugby player was that he had: (i) trained to improve
performance, (ii) competed in the highest or second highest national
league, and (iii) had training and competition as their major activity
(way of living) or focus of personal interest, devoting several hours in
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all or most of their working days for these activities, and exceeding
the time allocated to other types of professional or leisure activities.
All participants in our study were asked to find one male from a non-
elite sporting background matched for age, height, and body weight in
their social network to serve as a control. Sample size calculation con-
cerning the prevalence of OA indicated that 138 participants were
needed (power of 80 %, confidence interval of 95 %, absolute precision
of 5 %) under the assumption of an anticipated population proportion
of 10 %.!” Expecting a response rate of approximately 50 %, we intended
to reach at least 300 participants.

2.3. Clinical shoulder and knee osteoarthritis (dependent variables)

Single questions determined if a medical professional had clinically
diagnosed their shoulder and knee OA (‘Have you been diagnosed with
shoulder osteoarthritis by a medical professional?’ and ‘Have you been
diagnosed with knee osteoarthritis by a medical professional?’). The def-
inition of OA, according to the NICE criteria and adapted for age, was pro-
vided to the participants; “OA is characterised by damage to the joint's
cartilage, resulting in activity-related joint pain, and either no morning
joint-related stiffness or morning stiffness lasting no longer than 30
minutes”.'® Participants were requested to consult their medical records
or the last team doctor to answer this question.

2.4. Shoulder and knee function (dependent variables)

The Western Ontario Osteoarthritis of the Shoulder (WOOS) Index
assessed the level of shoulder function.!® The WOOS has been validated
in several study populations and languages, including English and
French and has been found to have excellent intraclass correlation
coefficient.!® Based on the score on each of the 19 items measured on
a visual analogue scale (VAS), a total score ranging from 0 to 1900 is cal-
culated and subsequently converted to a percentage where a score of
100 % indicates a completely healthy shoulder.'® The Knee injury and
Osteoarthritis Outcome Score Physical Function Short-form (KOOS-PS)
assessed the level of knee function.?’ The KOOS-PS has been validated
in several study populations and languages, including English and
French and its test-retest reliabilities have been found to be strong.?**!
Based on the score on seven items, each measured on a 5-point scale
(from O to 4), a total score ranging from 0 to 28 is calculated and con-
verted to a percentage where a score of 100 % indicates a completely
healthy knee.2°

2.5. Severe injury and related surgery (independent variable)

A single question examined the history of severe shoulder and knee
injuries and related surgeries during a career as a professional rugby
player. In our study, a severe injury was defined as an injury that in-
volved the shoulder or knee joint that occurred during team activities
(training or match) and led to either training or match absence for
more than 28 days.?? For this question, participants were requested to
consult either their medical record or their last team doctor.

2.6. Procedures

An electronic anonymised questionnaire available in English and
French was compiled (LimeSurvey Professional Lim GmbH), including
all dependent and independent variables and the following descriptive
variables: age, height, body weight, duration of professional rugby ca-
reer, principal level of play, position, duration of retirement, nature of
retirement, and employment status. A similar electronic anonymised
questionnaire in English and French was compiled (LimeSurvey Profes-
sional Lim GmbH) for the matched controls from a non-elite sports pop-
ulation (e.g., no questions were asked about rugby career and clinical
OA status). Information about the study was emailed to potential partic-
ipants by IRP, with recruitment procedures being hidden from the
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principal researcher for privacy reasons. Participants interested in the
study gave their informed consent and completed the electronic ques-
tionnaire. Participants were asked to complete the questionnaire within
two weeks (reminders followed two and four weeks after the initial in-
vitation) and to forward the received survey to their self-selected
matched controls from a non-elite sports population. The question-
naires were anonymised to protect privacy and confidentiality. Once
completed, the electronic questionnaires were saved automatically on
a secured electronic server that only the principal researcher could
access. Players participated voluntarily in the study and were not
rewarded for their participation.

2.7. Statistical analyses

The statistical software IBM SPSS 29.0.1.0 for Apple Mac was used for
all data analyses. Descriptive analyses (mean, standard deviation [SD],
minimum and maximum, frequency and range) were performed for
all variables included in the study. Prevalence (expressed as a percent-
age) of clinical shoulder and knee OA was calculated using the Clopper
Pearson method to calculate confidence (95 % CI). Prevalence was calcu-
lated as the proportion of the number of participants with OA relative to
the total number of participants.'” To examine the association of severe
injury and surgery with clinical OA, we conducted a logistic regression
analysis (expressed as odds ratios [OR] with 95 % CI; p-value set at
0.05) with clinical OA as the dependent variable and the number of in-
juries/surgeries as the independent variable. For this analysis, we also
presented an OR adjusted for age and body mass index (BMI), as both
are known risk factors for OA.” Model assumptions for logistic regres-
sion were assessed for, and all four assumptions were met. The Box-
Tidwell test showed there was a linear relationship between age and
BMI and the logit transformation of the presence of 0A.?>** For the
level of shoulder and knee function, descriptive analyses (mean and
SD) were conducted and comparisons with matched controls from a
non-elite sporting background were explored using the Mann-Whitney
test for independent samples.!”

3. Results
3.1. Participants

Of the 326 retired rugby players invited to participate, 146 provided
informed consent and completed the questionnaires (response rate of
45 %), whilst 52 matched controls were enrolled in the study. Most of
the players retired from rugby voluntarily, whilst 36 % were forced to
stop playing due to injury or other reasons. Although some data were

Table 1
Descriptive characteristics of retired rugby players and the matched controls.
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missing completely at random, the extent of missing data was minimal
(age: n =4,3 %; height: n = 2,1 %; weight: n = 1, 1 %; duration of rugby
career n = 2, 1 %). All analyses were conducted using complete case
analysis for each variable. Table 1 presents the characteristics of these
retired rugby players and the matched controls.

3.2. Prevalence of clinical shoulder and knee OA and its association with se-
vere injury and surgery

Table 2 presents data on clinical shoulder OA, severe shoulder injury,
and surgery among the retired rugby players surveyed. The prevalence
of clinical shoulder OA was 14 % in retired rugby players with a 95 % con-
fidence interval ranging from 8.6 % to 20.4 %. On average, the retired
rugby players reported having had 1.1 severe shoulder injuries and 0.5
shoulder surgeries (or one shoulder surgery for every two retired
players surveyed) during their playing careers. Half of the participants
had not had a severe shoulder injury, and fewer than 15 % had two or
more severe shoulder injuries. Most retired rugby players (67 %) had
not had shoulder surgery, whilst 21 % had one shoulder surgery.
Fewer than 3 % of participants had three or more shoulder surgeries.
The logistic regression analysis (Table 3) showed that for every shoulder
surgery, retired rugby players were twice as likely to have clinical shoul-
der OA (OR = 2.1;95% CI = 1.1-3.9).

Table 2 also presents data on clinical knee OA, severe knee injury,
and surgery among retired rugby players. The prevalence of clinical
OA in the knees was 23 % in retired professional rugby players with
a 95 % confidence interval ranging from 16.7 % to 31.0 %. On average,
the retired rugby players reported having had 1.4 severe knee inju-
ries (or roughly three severe knee injuries for every two retired
players) and 1.1 knee surgeries. Around 27 % of participants had
not had a severe knee injury, 27 % had one severe knee injury, and
fewer than 20 % had two or more severe knee injuries. Half the re-
tired rugby players had not had knee surgery, and 23 % had one
knee surgery. The participant with the highest number of surgeries
had nine procedures. The logistic regression analysis (Table 3)
showed that for every knee surgery, retired rugby players were
twice as likely to have clinical knee OA (OR = 2.0; 95 % CI = 1.2-3.3).

3.3. Level of shoulder and knee functioning

Table 2 shows data on shoulder and knee functioning. The mean per-
centage score on the WOOS for retired rugby players was 83.1 %, and the
mean percentage score for the control group was 84.9 %. The two groups
were not significantly different (p = 0.660). The mean percentage score
on the KOOS-SP for the retired rugby players was 81.3 %, and the mean

Retired rugby players (N = 146)

Matched controls (N = 52)

Age (in years; mean =+ SD)
Height (in cm; mean 4+ SD)
Weight (in kg; mean 4 SD)
Employment status (%)
Employed
Unemployed
Duration of rugby career (in years; mean + SD)
Duration of retirement (median, IQR, min-max)
Reason for retirement
Voluntarily
Forced
Level of play
Highest national league
Other
Position
Forward
Backline

92
8

64 %
36 %

80%
20%

59%
41%

396 £ 59 (3 % missing®)
185.8 & 8.0 (1 % missing®)
102.3 + 15.6 (1 % missing?)

39.2 £ 6.5 (2 % missing®)
184.8 + 6.2 (20 % missing®)
98.8 + 14.2 (12 % missing?)

88
12

10.7 & 4.2 (1 % missing”)
8,8,0-33

N, number of participants; SD, standard deviation; IQR, interquartile range; cm, centimetres; kg, kilogrammes.

4 Missing data.
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Table 2
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Clinical shoulder and knee osteoarthritis, severe injury, surgery, and functioning in retired male professional rugby players.

Retired rugby players Matched controls
(N =146) (N=152)
Prevalence of clinical shoulder osteoarthritis 14 % (95 % ClI: 9-20)
Number of severe shoulder injuries (median; IQR; min-max) 0.5;2;0-7
Number of shoulder surgeries (median; IQR; min-max) 0.0; 1; 0-5
Western Ontario Osteoarthritis of the Shoulder WOOS percentage (mean + SD) 83.1 £20.0 849 + 16.0
Prevalence of clinical knee osteoarthritis 23 % (95 % Cl: 17-31)
Number of severe knee injuries (median; IQR; min-max) 1.0; 2; 0-8
Number of knee surgeries (median; IQR; min-max) 0.5;2;0-9
Knee Injury and Osteoarthritis Outcome Score Physical Function Short-form (KOOS-PS) percentage (mean + SD) 81.3 4+ 18.0 79.6 + 15.0

N, number of participants; SD, standard deviation; IQR, interquartile range.

percentage score for the control group was 79.6 %. Again, there was no
statistically significant difference between the scores in the two groups
(p=0.371).

4. Discussion

This study investigated the shoulder and knee health of retired male
professional rugby players. We found that 14 % of the retired male pro-
fessional rugby players had clinical shoulder OA, and 23 % had clinical
knee OA. Furthermore, every shoulder or knee surgery a rugby player
had during their career was associated with an increased chance of clin-
ical OA in that joint in retirement, with the odds approximately dou-
bling on average. Our results showed no statistically significant
difference in the knee and shoulder functioning of retired male profes-
sional rugby players when compared to the matched controls.

4.1. Prevalence of shoulder and knee OA

The findings of our study suggest that playing professional rugby
is likely a contributing factor to developing clinical knee and shoul-
der OA. OA is one of the most common health conditions in retired
rugby players, with up to 60 % of this population being physician-
diagnosed with some form of OA.% Our study found that 14 % and
23 % of retired rugby players were clinically diagnosed with shoulder
and knee OA, respectively. In our studied population group, the prev-
alence rates for OA in these joints are higher than wrist, hand and
ankle OA, which are between 2 % and 5 %.* It is difficult to compare
these findings to other populations due to limited available scientific
data on shoulder and knee OA prevalence in other groups, especially
within a similar age range.

Generally, shoulder OA is not as prevalent as knee OA.'? A Japanese
study found a prevalence of 2 % for radiographic shoulder OA in the gen-
eral population between the ages of 40 and 49.%° The average age of the
population under investigation in our study was 40. Comparisons with
retired athletes from other sports provide a mixed picture. A 2014 sys-
tematic review on the prevalence of OA in former athletes found a
study on shoulder OA in tennis players, indicating a prevalence of 33 %

Table 3
Association (odds ratio and 95 % CI) of severe injury and surgery with clinical osteoarthri-
tis in retired male professional rugby players.®

Unadjusted Adjusted”
Clinical shoulder osteoarthritis
Number of severe shoulder injuries 1.2 (0.9-1.6) 1.2 (0.8-1.7)
Number of shoulder surgeries 2.1 (1.2-3.5) 2.1 (1.1-3.9)
Clinical knee osteoarthritis
Number of severe knee injuries 0.9 (0.6-1.3) 1.0 (0.6-1.6)
Number of knee surgeries 24 (1.5-4.0) 2.0 (1.2-3.3)

Bold indicates odds ratio of > 2.0.

@ 139 participants were included in the analysis due to seven participants (5 %) having
missing data which affected these associations.

b Adjusted for age and body mass index (BMI).
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in these retired players' dominant shoulder joints.® More recently, a
study found a 6 % prevalence of shoulder OA in retired elite and recrea-
tional cricket players.?’

The knee is the joint most likely to be affected by OA in the general
population, and our findings support this in retired male professional
rugby players.” Again, comparison to other populations is difficult. In
the Netherlands, the prevalence of knee OA was 12 % for the general
population in 2019.28 A systematic review found a prevalence of 8 %
for knee OA in sport participants from a wide range of ages and sports,
including long-distance running, handball and weightlifting.2° In retired
male football players in a wide range of ages, the prevalence of clinical
and radiographic knee OA ranged between 9 % and 80 %.2° Overall, our
study found that the prevalence of shoulder and knee OA in retired
rugby players appears to be higher compared to the general population
and retired athletes from sports such as cricket, weightlifting, wrestling
and handball.?>2%2° However, other sports like tennis and football have
seemingly higher prevalence rates than rugby union for shoulder and
knee OA, respectively.?6-°

4.2. Association of severe injury and related surgery with clinically
diagnosed OA

Our study found every shoulder or knee surgery a rugby player had
during their career likely doubled their chances of having clinical OA in
that joint in retirement. This finding is consistent with other sports and
in the general population.! For instance, in football, retired players are
also twice as likely to have OA in the knee with every knee surgery.>?
Shoulder and knee injuries are common in rugby players.>'"' Shoulder
surgery after severe injury allows rugby players to return to play at
the same level.>!" In contrast, rugby players can often not play at the
same level after rehabilitating from severe knee injuries and following
surgery.>® Returning to play remains a priority for injured rugby players
and stakeholders. However, one must consider the future health and
well-being of the rugby player when deciding on appropriate treatment
options. Based on our findings, including an increased likelihood of de-
veloping clinical OA with every surgery performed following a severe
injury, we believe the potential risks and long-term OA trade-offs
from having a severe injury and subsequent surgery should be dis-
cussed with the involved rugby players beforehand.

4.3. Level of shoulder and knee function

Our study showed no statistically significant difference in the knee
and shoulder functioning of retired male professional rugby players
and the matched controls. On a surface level, this is surprising as the re-
tired rugby players in this study had a relatively high prevalence of
shoulder OA (14 %) and knee OA (23 %) compared to the general popu-
lation reported in other studies.>>?® It has also been shown that half of
rugby players report shoulder dysfunction at the middle of a season de-
spite considering themselves available to play matches.>® These players
often find ways to cope with and adapt to dysfunction throughout their
rugby careers. Rugby players have been conditioned from a young age
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to try and hide injury or physical discomfort and to not let it affect their
performance.?> A possible explanation for our finding is that the func-
tioning scores are based on self-completed questions, and retired
players might perceive their functioning better than what it really is. Re-
tired rugby players appear to be more accepting of pain and tend to “suf-
fer in silence” throughout their careers.>> They might not accurately
score their functioning, as they may have grown used to functioning rel-
atively unaffected by pain and injuries throughout their careers. This
implies that thorough clinical assessments performed by physicians
could provide a more comprehensive and precise method of evaluating
retired rugby players' functioning.

4.4. Limitations

There are limitations in our study. One limitation of our study is its
reliance on self-report questionnaires, which may compromise internal
validity. Whilst self-report measures are preferred for collecting data
from a broad participant pool, they are susceptible to response bias
and recall bias. It was also not possible to rule out the potential for errors
in diagnoses or medical records. This study's findings also did not con-
sider post-rugby career factors, such as participation in other sports
and physical activity routines, which could contribute to OA develop-
ment. Due to the low number of matched controls recruited for this
study, it is also challenging to draw clear conclusions from the score dif-
ferences between the retired rugby players and the general population.
Another limitation is that there were no questions in the matched con-
trols' questionnaire about being diagnosed with OA in the knee or
shoulder. This was because the individuals in this age group might not
be as likely to attend regular health checkups as retired rugby players
and might not have access to similar thorough medical records. OA
might also be asymptomatic at the age of the participants under study
and, therefore, undetected.

4.5. Implications for research

More research is required to better understand retired professional
rugby players' shoulder and knee health. Knee and shoulder injuries
are common in active rugby players, and OA is a common health condi-
tion among retired professional rugby players. According to our knowl-
edge, this is the first published scientific study documenting knee and
shoulder OA prevalence in this population. Further research must be
conducted on other contributing factors for developing knee and shoul-
der OA during a rugby career and to exclude potential confounding var-
iables. This could involve comparing the prevalence rates of OA in
retired rugby players with those in other populations, as well as
researching which playing positions are more prone to developing
knee or shoulder OA. More in-depth research based on clinical findings
from physician assessments could also provide a clearer picture of the
knee and shoulder functioning of these retired professional rugby
players.

4.6. Implications for practice

The findings of our study indicate that retired professional rugby
players require specific support as they have a substantial prevalence
rate of knee and shoulder OA which develops earlier than the general
population. During a player's active rugby days, the potential conse-
quences of surgery and related increased risk of developing clinical OA
post-injury should be discussed with rugby players before treatment
is decided. More generally, retired rugby players experience various
health challenges due to their participation in professional rugby and
require tailored support after retiring from the game.* One potentially
beneficial measure that could offer this support to retired elite rugby
players is the After Rugby Career Consultation, developed specifically
to support retired professional rugby players' long-term health and
quality of life after rugby.>®
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5. Conclusion

Clinical shoulder OA and knee OA are common medical conditions in
retired professional rugby players. Every shoulder and knee surgery
during a professional rugby player's career may double their odds of
having clinical OA in that joint during retirement. Long-term conse-
quences should be considered when managing shoulder and knee inju-
ries during professional rugby players' careers. Tailored support should
also be provided to retired professional rugby players to promote their
long-term health and physical well-being.
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