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CHAPTER 2 
 
Health problems in former elite female 

football players: prevalence and risk 
factors 

 
Annika Prien, Birgit Prinz, Jiri Dvorak, Astrid Junge. Adapted from 

Scand J Med Sci Sports 2017;27(11):1404-10. Doi: 
10.1111/sms.12747 
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Abstract 
 

The aim of the study was to assess 
the prevalence of health problems 
and associated risk factors in former 
elite female football players. A cross-
sectional research design was em-
ployed, using an online question-
naire on personal characteristics and 
health complaints during/after the 
career. 152 (response rate: 62.0%) 
former first German league players 
answered the survey. Around 70% 
described their current health as 
good or very good. Over half 
(57.9%) reported knee problems 
during the last four weeks while ex-
ercising, and a third (33.6%) during 
normal daily activities. The second 
most common location for com-
plaints was the head (53.3%). Almost 
one quarter (23.7%) of players suf-
fered from osteoarthritis (OA). Re-
gression analysis showed that OA in 

knee/ankle and physical complaints 
(PC) in knee/ankle/head were sig-
nificantly predicted by number and 
severity of previous injuries (p<.05). 
Further, increases in age, training 
volume and level of play were asso-
ciated with an increased likelihood of 
presenting with OA (p<.05), but not 
PC. In conclusion a football career 
may lead to specific long-term health 
problems in elite female players. Pre-
vention strategies should focus on 
knee, ankle and head injuries. Future 
studies are needed to clinically assess 
prevalence rates of OA and possible 
neurocognitive changes. 
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Introduction 
 

Women’s football has gained considerable popularity in recent years. 
Between 2000 and 2006 FIFA reported a 50% increase of the total number 
of female players worldwide.1 Together with increasing popularity, the 
discipline’s professionalism is rapidly growing.2 

To date very few studies have evaluated the long-term health 
consequences of a professional football career. Among the few studies in 
this area most are related to osteoarthritis (OA) and only one focused on 
female athletes.3 The investigation was conducted in Sweden with 103 
female former football players, who had sustained an ACL injury 12 years 
earlier. Based on radiographic examinations, the authors concluded that 
82% of all participants presented with radiographic changes in their index 
knee, and 51% fulfilled the criterion for knee OA. In a study with English 
retired male football players 32% of participants were diagnosed with OA; 
the most commonly affected site was the knee.4 Further, injury was found 
to be the main reason for retirement (47%). In an investigation of 69 male 
former Danish national players Larsen et al.5 suggested that both, knee and 
ankle injuries, seem to have serious long-term consequences. Interestingly, 
uninjured players also had a higher risk of developing arthritis compared to 
the normal population. A high prevalence of arthritis in the hip, knee and/or 
ankle in former football players was also reported by several other authors, 
however all of these studies were either conducted with male participants or 
did not mention gender.6 

Other possible long-term health sequelae that have received some 
attention in the literature are neurocognitive impairments. Following the 
publications of Matser et al.,7-9 several studies were conducted on short- and 
medium-term consequences of mild traumatic brain injury (mTBI) in active 
football players yielding inconclusive results.10-15 An investigation with 
female university level players suggested that functions related to cognitive 
processing speed are most vulnerable and are still impaired 6 month after 
mTBI.10 To date, only four studies evaluated long-term neurocognitive 
changes in retired football players, and none included female retired 
players.16-19 In a most recent investigation Vann Jones et al.19 screened 92 
male former professional footballers for mild cognitive impairment (MCI) 
or dementia and reported that the risk of disease falls in line with the general 
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population. However, Koerte et al.16 17 found an association between 
repetitive sub-concussive head impacts (RSHI) and neuro-inflammation as 
well as cortical thinning in a small sample of retired male professional 
football players. Both markers may precede long-term neurocognitive 
changes. 

Evidence on risk factors for long-term health problems in football players 
is scarce. In a current literature review on knee/ankle OA in former 
professional football players, no recent studies on previous injury as a risk 
factor for OA were found.20 Older studies and studies conducted with 
athletes from other sports indicate that previous injury, injury severity and 
football exposure may be relevant determinants for OA.3 5 21 Known risk 
factors for OA in the general population include old age, gender, obesity, 
joint injury and abnormal biomechanical loads due to occupational or 
sporting activities.22 With regards to long-term neurocognitive changes, four 
studies16-19 evaluated previous injury (mTBI, RSHI) and one19 playing 
position and football exposure as a risk factor. While results on previous 
injury are inconclusive, no association between low-risk and high-risk 
playing positions or length of playing career and MCI/dementia was found. 

Considering the paucity of scientific data on the topic, especially in elite 
female football players, the study’s aim was to assess the prevalence of long-
term health problems and associated risk factors in this population. 

 
 

Methods 
 

Study design 
For the purpose of this study a quantitative, cross-sectional research 

design was deemed appropriate. Using an anonymous online self-report 
questionnaire information was gathered on participant characteristics, career 
details, football-related injury history and long-term health issues. 

 
Participants 

Elite female football players were defined as those players who 
participated in at least five matches in the first German league (FGL) and/or 
played for the national team (NT) between 2000 and 2013. This time frame 
was chosen due to the recent professionalization of the discipline, ensuring 
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that the impact of confounding variables such as changes in training volume 
and intensity are minimised. In total 396 former elite female football players 
fulfilled the inclusion criteria, 245 could be contacted and 152 (62%) players 
took part in the survey. 

 
Variables 

Long-term health problems were operationalised through five variables: 
current physical complaints (PC), subjective health, medication use, OA 
diagnosis and artificial joint replacement. However, only PC and OA 
diagnosis were used as outcome variables in regression analysis. Severity of 
PC during the last four weeks was assessed with a single item on a five-point 
Likert scale ranging from “no complaints” to “very severe complaints” in 
head, spine, hip, Achilles tendon, ankle and foot. Severity of PC in the knee 
was assessed with five items (resting, standing, walking, exercising, climbing 
stairs) on the same scale and a weighted mean was calculated. For descriptive 
statistics and risk factor analysis all participants with minor to very severe 
complaints were classified as suffering from PC. Subjective health was 
assessed with a single item on a five-point Likert scale ranging from “very 
good” to “very poor”. Frequency of medication use was assessed for pain 
killers and cortisone on a five-point Likert scale ranging from “daily” to 
“never”. For OA diagnosis and artificial joint replacement information on 
location and year of initial diagnosis was retrieved. Evaluated risk factors for 
long-term health issues include age, injury history (location, type, severity, 
frequency), exposure (training volume, career length), level of play and 
playing position. Severity of injury was operationalised through information 
on time loss (head) and required treatment/surgery (all other locations). 

 
Procedures 

A list of all female players fulfilling the inclusion criteria was compiled 
based on information from websites such as www.weltfussball.de. For 245 
of the total 396 players, contact details were available through personal 
contacts of the second author (n=54), clubs (n=100), social media (n=77) 
and other internet sources (n=14). All 245 players were contacted via email 
with an explanation of the project, and the request to give their informed 
consent for participating in the study. Ethical approval (PV4734) was sought 
and granted from the Medical Association of Hamburg, Germany. 
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Data analysis 

All variables were described using means with standard deviation and/or 
frequencies with percentage. To investigate the relationship between risk 
factors and long-term health problems we used binominal logistic regression 
analyses. Significance was accepted at p<.05. 
 
 

Results 
 

Participant characteristics 
On average players were 33 (SD=6.19) years old, played football at the 

elite level for 8.6 (SD=5.03) years and attended 4.7 (SD=1.36) training units 
per week during this time. Playing positions were distributed as can be 
expected: 55 (36.2%) defenders, 55 (36.2%) midfielders, 25 (16.1%) 
attackers, and 17 (11.2%) goalkeepers. Playing level was split in three 
categories and distributed as follows: up to 50 FGL matches (n=43, 28.3%), 
up to 10 international matches (n=54, 35.5%), more than 10 international 
matches/member of NT (n=55, 36.2%). On average, players incurred 12.9 
(SD=12.05; Median=10) injuries during their career, and stopped playing in 
the FGL or for the NT 6.8 (SD=3.93) years ago. 

 
Long-term health problems 

Subjective Health. Around 70% of players described their current 
health as good (50.0%) or very good (21.1%). One quarter (25.7%) reported 
moderate health and 3.3% rated their health as bad or very bad. 

Physical Complaints. Of all players 81.6 % documented minor to very 
severe PC during the last four weeks (figure 1). Over half (57.9%) of players 
suffered from knee problems while exercising; 15.8% reported (very) severe 
complaints. During normal daily activities over a third (33.6%-45.4%) of 
players experienced knee problems and almost a quarter had complaints 
even at rest (table 1). Overall, complaints were reported most commonly for 
the head (53.3%), however complaints reported for spine (47.4%) and knee 
(46.7%) were more severe; (very) severe pain was reported by 3.9%, 8.6% 
and 9.2%, respectively (figure 1). 
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Figure 1. Severity of physical complaints during the last four weeks in % of participants. 

 
Medication. Most players (80.3%) have taken pain medication at least 

once during the last 12 months and 15.3% specifically reported cortisone 
use (tablet or injection); 11.9% have taken pain medication several times a 
week or daily.  
 
Table 1. Severity of knee complaints during the last four weeks in % of participants. 

 None Minor Moderate Severe Very 
Severe 

Total with 
Complaintsa 

Rest 77.0 12.5 5.9 3.9 0.7 23.0 
Right 84.2 8.6 4.6 2.0 0.7 15.8 
Left 83.6 9.9 3.9 2.6 0 16.5 
Stand 66.4 19.1 7.2 6.6 0.7 33.6 
Right 75.7 14.5 5.9 3.3 0.7 24.3 
Left 75.0 15.8 5.3 3.9 0.0 25.0 
Walk 62.5 19.7 10.5 4.6 2.6 37.5 
Right 71.7 16.4 7.9 2.0 2.0 28.3 
Left 74.3 14.5 7.9 2.6 0.7 25.7 
Stairs 54.6 17.8 15.1 9.2 3.3 45.4 
Right 65.1 17.8 9.9 5.9 1.3 34.9 
Left 67.1 13.8 11.8 5.3 2.0 32.9 
Exercise 42.1 24.3 17.8 10.5 5.3 57.9 
Right 54.6 22.4 13.2 6.6 3.3 45.4 
Left 59.9 18.4 11.8 7.9 2.0 40.1 

Note. a Percentage of participants with minor to very severe complaints. 
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OA diagnosis and artificial joint replacement. None of the players 
had an artificial joint replacement. OA was diagnosed in almost one quarter 
(23.7%) of players. Most common OA site was the knee (13.8%) followed 
by the ankle (7.2%). In both locations the right side was affected more 
frequently than the left side. 
 
Risk Factors 

Age. Logistic regression analyses were conducted to ascertain the effect 
of age on the likelihood that participants present with OA and/or PC. For 
OA the model was statistically significant, χ2(1)=4.608, p<.05, explained 
4.5% (Nagelkerke R2) of the variance in OA diagnosis and correctly 
classified 76.3% of cases. An increase in age was associated with an increased 
likelihood of presenting with OA, specifically for every 10 year increase in 
age the likelihood approximately doubled (OR=1.07, p=.035). No 
significant effect was found for PC. 

Exposure. Logistic regression analyses were conducted to ascertain the 
cumulative effect of years played in the FGL and training volume per week 
on the likelihood that participants present with OA and/or PC. For OA the 
model was statistically significant, χ2(2)=11.067, p<.01, explained 10.6% 
(Nagelkerke R2) of the variance in OA diagnosis and correctly classified 
77.6% of cases. Of the two variables only training volume significantly 
predicted OA diagnosis, specifically participants who trained 8 times per 
week (max. volume) had 6.39 times higher odds to be diagnosed with OA 
than participants who trained 3 times per week (min. volume) (OR=1.449, 
p=.009). No significant effect was found for PC. 

Level of play. Logistic regression analyses were conducted to ascertain 
the effect of level of play on the likelihood that participants present with 
OA and/or PC. For OA the model was statistically significant, χ2(2)=12.941, 
p<.05, explained 12.3% (Nagelkerke R2) of the variance in OA diagnosis 
and correctly classified 76.3% of cases. Participants competing at the highest 
or medium level (>50 FGL matches or ≥1 international match) had 4.22 
and 7.62 times higher odds to be diagnosed with OA than participants 
competing at the lowest level (≤50 FGL matches; OR=1.449, p=.009). No 
significant effect was found for PC. 

Injury history. About two thirds (64.5%) of players, incurred at least 
one knee injury, more than half (57.2%) incurred at least one ankle injury 
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and just above one third (33.6%) incurred at least one head injury. Of all 
players who reported a knee injury, most had a ligamentous injury of the 
ACL (45.9%) and/or MCL (44.9%), followed by a lesion of the inner 
meniscus (42.9%) and other cartilage damage (37.8%). Most players who 
reported an ankle injury, had a ligamentous injury of the LCL (86.2%) and 
most players who reported a head injury had a contusion (91.5%) and/or a 
concussion (86.4%). More than three quarters (76.5%) of all players with a 
knee injury, but only one quarter (26.4%) of all players with an ankle injury 
had to be treated with surgery. Of all players who incurred a head injury 
most (90.0%) had at least one time loss injury during their career. 

Logistic regression analyses were conducted to ascertain the cumulative 
effect of number and severity (surgery/time loss) of previous injuries on the 
likelihood of presenting with OA (knee, ankle) and/or PC (knee, ankle, 
head). For OA the model was statistically significant in both knee, 
χ2(2)=40.132, p<.0005, and ankle, χ2(2)=16.049, p<.0005. The model 
explained 42.0% and 24.7% of the variance in knee and ankle OA diagnosis, 
respectively; 88.8% (knee) and 92.1% (ankle) of cases were correctly 
classified. A higher number of previous injuries was associated with an 
increased likelihood of presenting with OA in knee (OR=1.323, p=.000) and 
ankle (OR=1.125, p=.020). Participants who had undergone ankle surgery 
were 5.06 times more likely to have been diagnosed with ankle OA (p=.025). 
No significant effect of severity (surgery) on knee OA was found. 

For PC the model was statistically significant in all three locations: head, 
χ2(2)=7.326, p<.05, knee, χ2(2)=41.589, p<.0005, and ankle, χ2(2)=17.469, 
p<.0005. The model explained 6.3%, 32.0% and 15.6% of the variance for 
PC of head, knee and ankle, respectively; 59.2% (head), 73.0% (knee) and 
77.0% (ankle) of cases were correctly classified. A higher number of 
previous injuries was associated with an increased likelihood of reporting 
PC in knee (OR=1.227, p=.007) and ankle (OR=1.089, p=.038). 
Participants who had undergone knee/ankle surgery were 3.18 (p=.009) and 
3.96 (p=.006) times more likely to report PC. No individually significant 
effect of number or severity (time loss) of previous injuries on PC of the 
head was found. 

Playing position. More than half (52.9%) of goalkeepers and over a 
third (40.0%) of attackers reported at least one head injury. Knee and ankle 
injuries were most common in attackers (80.0% and 68.0%) followed by 
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midfielders (72.7% and 63.6%). Logistic regression analyses showed no 
significant effect of playing position on the likelihood that participants 
present with OA (knee, ankle) and/or PC (knee, ankle, head). 

 
 

Discussion 
 

Overall the results suggest that a professional football career may lead to 
specific long-term health consequences in former elite female players. Only 
around 70% of players perceive their current health as good or very good; 
this value is around 10% lower than values reported in the general female 
population of the same age group.23 24 Further, 81.6% of players indicated 
to have suffered from physical complaints during the last four weeks, 
particularly in knee, head, spine and ankle. While prevalence rates of head 
and back pain correspond to values reported in the general population, the 
high prevalence of knee and ankle complaints in former elite female football 
players is eminent.25 26 In line with these results, the prevalence of OA in the 
study population (23.7%) was two to four times higher than in the general 
female population of the same age group (3.7%-11.5%).27 28 Studies on OA 
using self-report in retired male professional football players documented 
prevalence rates of 32% and 49%;4 29 however a comparison of this data 
with values observed in the present study should be made with caution, since 
there are distinct differences in participants age and response rates. Finally, 
the 12-month prevalence of pain medication use was higher in our sample 
(80.3%) than in the general female population (68.0%).30 

With regards to possible risk factors for long-term health consequences 
in female football players, several determinants could be identified. While 
both, PC and OA diagnosis were significantly predicted by number and 
severity of previous injuries, only OA diagnosis was significantly predicted 
by age, training volume and level of play. This is in line with the literature 
on risk factors for OA in the general population and in athletes from other 
sports.20 22 A noteworthy finding related to level of play was that the odds 
for OA diagnosis were higher in players competing at medium level than in 
players competing at the highest level. Possible explanations for this result 
are differences in quality and quantity of injury prevention work, but also 
selection effects; healthy players may be more likely to reach the highest level 
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of competition. As expected, players of the lowest level had the smallest 
odds to be diagnosed with OA. No effects of length of career or playing 
position on OA diagnosis or PC were found. We speculate that due to 
selection effects, length of career may not be an adequate operationalisation 
of exposure for predicting long-term health consequences. With regards to 
playing position it is possible that no effect was detected due to a small 
sample size, considering the distinct differences in the prevalence of ankle, 
knee and head injuries by playing position, and that previous injury was a 
significant predictor of OA and/or PC. Another finding that warrants 
further examination in future clinical studies is that number and severity of 
previous head injuries significantly predicted the current presence of PC in 
the head. However, only 59.2% of cases were correctly classified based on 
number and severity of previous injuries, and no individually significant 
effect of these variables was found. 

When interpreting the results some limitations of the present study 
should be taken into account. The study population was relatively young 
with a mean age of 33 years and only diagnosed OA could be assessed due 
to reliance on self-report. Therefore, the prevalence and severity of any long-
term health problems was likely underestimated. Further, PC was 
operationalised through a single item in all locations but the knee. It is 
possible that the risk factor analysis for PC rendered few results due to lack 
of content validity in the assessment instrument. Particularly the evaluation 
of neurocognitive problems beyond headaches needs neuropsychological 
testing, which exceeds the scope of this study. Future studies should focus 
on a clinical assessment of long-term health sequelae in former elite female 
football players to build on the knowledge gained in this study.  
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Perspective 
 

Identified risk factors for long-term health problems include number and 
severity of previous injuries, age, training volume and level of play. In light 
of these results the use of effective injury prevention measures should be 
furthered in elite female football. Structured warm-up programs focusing on 
neuromuscular control have proven effective in this context, particularly in 
players with a history of knee injuries.31 32 Further, it is evident that elite 
female football players need specific medical care during and beyond their 
career, with a focus on early diagnosis and treatment of OA. Future studies 
are needed to clinically assess prevalence rates of OA and possible 
neurocognitive changes.  
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