
ORIGINAL RESEARCH

Self-reported knee function and activity level are

reduced after primary or additional anterior cruciate

ligament injury in female football players: a five-year

follow-up study

Anne F€altstr€oma,b,*, Martin H€agglundb, Henrik Hedevikb, Joanna Kvistb,c

a Rehabilitation Centre, Ryhov County Hospital, J€onk€oping, Region J€onk€oping County, Sweden
b Unit of Physical Therapy, Department of Health, Medicine and Caring Sciences, Link€oping University, Link€oping, Sweden
c Stockholm Sports Trauma Research Center, FIFA Medical Centre of Excellence, Karolinska Institute, Stockholm, Sweden

Received 4 October 2022; received in revised form 3 November 2023; accepted 13 November 2023

Available online 22 November 2023

Abstract

Background: Playing football involves a high risk of anterior cruciate ligament (ACL) injuries and

these may affect knee function and activity level.

Objectives: To measure changes in self-reported knee function, activity level, and satisfaction

with knee function and activity level in female football players with or without an ACL-recon-

structed knee.

Methods: Female football players, age 19.9 (SD 2.6) years, with either a primary ACL-recon-

struction 1.6 (SD 0.7) years after ACL-reconstruction (n = 186) or no ACL injury (n = 113) were fol-

lowed prospectively for five years. Self-reported data collected at baseline and follow-up

included knee function (International Knee Documentation Committee Subjective Knee Form

[IKDC-SKF]), activity level (Tegner Activity Scale), and satisfaction with knee function (Likert

scale 1=happy; 7=unhappy) and activity level (1�10 scale). Information on any new ACL injury

during the follow-up period was collected.

Results: Players with ACL-reconstruction at baseline who either did (n = 56) or did not (n = 130)

sustain an additional ACL injury, and players with no injury at baseline who remained injury free

(n = 101) had a lower Tegner score at follow-up. Players with additional ACL injury had lower

IKDC-SKF score (mean difference: �11.4, 95% CI: �16.0, �6.7), and satisfaction with activity

level (mean difference: �1.5, 95% CI: �2.3, �0.7) at follow-up. Players with no additional ACL

injury had higher satisfaction with knee function (mean difference: 0.6, 95% CI: 0.3, 0.9) at fol-

low-up. Players with no ACL injury had lower satisfaction with activity level (mean difference:

�0.7, 95% CI: �1.1, �0.3) at follow-up. Players with additional ACL injury had larger decreases

in all variables measured compared to the two other groups.
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Conclusion: Primary, and even more so additional, ACL injuries decreased self-reported knee

function, activity level, and satisfaction with knee function and activity level in female football

players.

© 2023 The Author(s). Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de

Pesquisa e Pós-Graduação em Fisioterapia. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

Introduction

Anterior cruciate ligament (ACL) injury is a severe knee
injury, where female athletes have a double incidence rate
compared to male athletes.1 ACL injuries often lead to surgi-
cal treatment, especially for young athletes with the goal to
return to sport.2 However, returning to pivoting sports after
ACL reconstruction (ACLR) involves a high risk of new knee
injuries; 42% of female football players who returned to
football after ACLR sustained a second ACL injury.3 Still,
females who returned to football have higher ratings for
self-reported knee function and knee-related quality of life
compared to those who did not return to football.4

Factors associated with self-reported knee function and
activity level have been evaluated at various time points after
ACLR.5,6 Predictors of lower self-reported knee outcome
scores include quadriceps weakness,7 concomitant injury at
the time of ACLR, revision surgery, lower baseline scores in
the International Knee Documentation Committee Subjective
Knee Form (IKDC-SKF), the Knee injury and Osteoarthritis Out-
come Score, and Marx activity rating scale, higher body mass
index, lower level of education, smoking, and use of
allografts.5,6 Predictors for lower activity level after ACLR
include severe medial cartilage injury,5 female sex, and revi-
sion surgery.6 There are few studies comparing self-reported
outcomes and activity level between patients with primary
ACLR and patients with additional ACLR (revision or ACLR in
the contralateral knee),8-10 and there is a lack of studies on
patients who sustain an additional ACL injury treated without
ACLR. The design in previous studies is most often cross-sec-
tional comparing different self-reported outcomes, with no
comparisons to knee-healthy controls, and with limited infor-
mation about patients’ satisfaction with knee function and
activity level.8-10 By using a prospective design, it is possible
to measure changes in self-reported knee function, activity
level, and satisfaction with knee function and activity level
before and after the injury. Thus, long-term prospective stud-
ies reporting self-reported outcomes after primary and addi-
tional ACL injury compared with knee-healthy controls in a
high-risk group of female football players are lacking.

The aims of this study were to: (1) measure changes in
self-reported knee function, activity level, and satisfaction
with knee function and activity level from baseline to five
years post baseline assessment; (2) compare the changes
between three different groups of female football players:
players with a primary ACLR at baseline (6�36 months after
reconstruction) who sustained a new ACL injury during follow-
up, players with a primary ACLR at baseline who did not sus-
tain an ACL injury during follow-up, and players who had no
ACL injury at baseline or during the follow-up. Our hypothesis
was that players with a primary ACLR who sustained a new
ACL injury would report a greater decrease in knee function,
activity level, and satisfaction with knee function and activity

level compared with players with a primary ACLR who did not
sustain a new ACL injury and players with no ACL injury. A sec-
ond hypothesis was that players with no ACL injury would
have the smallest change in the studied variables.

Methods

Study design

This was an exploratory analysis of a prospective cohort
study. Short-term (two-year follow-up) descriptive data of
new knee injuries, knee function, and activity level out-
comes have been published previously for 117 players with
ACLR (111 included in the current study) and for 119 knee-
healthy controls (113 included in the current study).11 Out-
comes from 5 to 10 years after ACLR regarding new knee
injuries have also been published for this cohort.3

Participants

Females with primary unilateral ACLR (6�36 months prior to
study inclusion) were identified via the Swedish National
Knee Ligament Register (SNKLR)12 and via advertising on
three regional football district websites. Exclusion criteria
were having a fracture, an associated posterior cruciate
ligament injury, and/or surgically treated injuries to either
the medial or lateral collateral ligament. Females aged
16�25 years who had injured their knee when playing foot-
ball were invited to participate in the study. A survey
was sent at the football pre-season (January�April) in
2013�2015 to 534 potentially identified eligible participants
in the SNKLR, of which 226 were eligible participants. An
additional 16 active players were recruited via advertise-
ments. 186 of the total 242 eligible participants answered
the survey both at study baseline and at follow-up and were
included in the current study (Fig. 1). A control group of 119
female players with no ACL injury, recruited from the same
teams as players with ACLR and matched regarding age and
playing position was included to establish the normal course
of a female football player’s activity level13 and reported
satisfaction of knee function and activity level.11

The study was approved by the Swedish Ethical Review
Authority (Dnr 2012/24�31, 2013/75�32 and 2020�01093)
and the SNKLR board. The study was conducted in accor-
dance with the code of ethics of the World Medical Associa-
tion. All players received written information about the
study and gave written consent.

Procedures

Players received a questionnaire about background data
including demographics, football participation, and football-
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related factors if applicable (preferred kicking leg, level of
play, most important reason for playing football if applicable,
use of orthosis, and risk behavior with four predefined choices
(“avoid risks at any price”, “try to avoid risks most of the
time”, “sometimes take deliberate risks”, “often take delib-
erate risks”). Data such as age, surgical data, and associated
injuries were collected from the SNKLR.

Players with ACLR reported knee function by completing
the IKDC-SKF with a score ranging from 0 (worst) to 100
(best).14,15 IKDC-SKF is developed for persons with knee
injuries, hence players with no ACL injury did not answer
the questionnaire. IKDC-SKF is valid, test-retest reliable,
and responsive for change.14-16 The players stated their
activity, level of activity (elite, competitive or recrea-
tional), and times/week the activities were performed.
Then, the activity level was graded for all players by the first
author according to the Tegner Activity Scale,8,17 which
assesses activity level on a scale from 0 to 10, where 0 corre-
sponds to sick leave due to knee problems and 10 corre-
sponds to participation in football at national level.17 The
Tegner activity scale has acceptable psychometric parame-
ters (internal consistency, test-retest reliability, criterion
validity, construct validity, floor and ceiling effects, and
responsiveness).18 Satisfaction with knee function was mea-
sured with the question: “If you had to live with your current
knee function for the rest of your life just the way it has
been in the last week, would you feel. . .?”, with response
options ranging from 1 to 7: happy (1), satisfied, mostly sat-
isfied, mixed, mostly dissatisfied, dissatisfied, and unhappy
(7).8,19,20 The question is reliable and valid in patients with
low back pain19 and valid for patients with ACLR.20 Players
also rated their satisfaction with their current activity level
on a scale ranging from 1 (not satisfied at all) to 10 (very
satisfied).8,21

The follow-up was 5 years after baseline. The players
answered the same baseline questions using a web-based
survey. Nonresponders were sent up to four reminders. They
also answered the question “Have you sustained any (new)
ACL injury?” All new ACL injuries reported by the players,
whether the injury was reconstructed or not, were con-
firmed via the SNKLR or medical records. All players who still
played football also answered a question on whether they
performed any knee injury prevention program.

Data analysis

All statistical analyses were performed in SPSS Statistics for
Windows (v 27.0; IBM). Mean and standard deviation (SD) or
median and interquartile range (IQR) were calculated for
descriptive data. Paired samples t-test was used to compare
within-group change from baseline to follow-up in IKDC-SKF,
activity level according to the Tegner Activity Scale, and sat-
isfaction with knee function and activity level. One-way
ANCOVA (adjusted for mean baseline values of each outcome
in the total cohort because of differences in scores between
the three groups at baseline) was used for between-group
comparisons of within-group change from baseline to the fol-
low-up. As a sensitivity analysis we conducted the same
analysis on each outcome measure, with eight players
removed due to them sustaining additional ACL injury or
ACLR less than one year prior to follow-up. Bonferroni cor-
rection was used for all pairwise comparisons to consider
the familywise error rate. Chi-squared test was used to com-
pare the number of players in each group still playing foot-
ball at baseline and follow-up (players with a primary ACLR
who sustained a new ACL injury vs players with a primary
ACLR who did not sustain a new ACL injury). A nonresponse
analysis was performed to evaluate potential attrition bias

Fig. 1 Flowchart for the selection of participants. Players with complete answers at the first survey (study baseline) and at follow-

up were included. Twelve players in the control group sustained an anterior cruciate ligament (ACL) injury between follow-up time

points and were therefore not included in the final analysis. In the main study (prospective cohort study), the purpose was to find

active football players for the ongoing prospective study about risk factors and therefore 40 players (in 2015) who had quit football

did not answer the total survey.
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with Student’s t-test (age and body mass index [BMI]) and
chi-squared test (graft, presence of concomitant injuries at
primary ACLR, and additional ACLR registered in SNKLR).
The significance level was set at 0.05.

Results

Of the 242 eligible players with primary ACLR at baseline,
186 responded to the follow-up survey (response rate 77%)
and 56 did not respond, at a mean 6.5 (SD 1.0) years (range,
5.0�9.9 years) after their primary ACLR. At primary ACLR,
hamstrings grafts (all autografts) were used in 98%, and con-
comitant injuries on meniscus and/or cartilage were present
in 38%, of players with a primary ACLR who sustained a new
ACL injury and 36% of players with a primary ACLR who did
not sustain a new ACL injury. Time between study baseline
and follow-up was 4.9 (SD 0.7) years.

Group characteristics

At follow-up, 56 of the players with ACLR at baseline who sus-
tained a new ACL injury (30%) had sustained 58 additional ACL
injuries (39 graft-ruptures [66%] of which 20 [51%] were
reconstructed; 19 contralateral ruptures [34%] of which 17
[89%] were reconstructed). Two of the 56 players sustained
both a contralateral rupture and re-rupture, hence 58 total
additional ACL injuries. Time from the additional ACL injury
or ACLR to responding to the follow-up questionnaire was 38
(18) months (2�81 months). Players with a primary ACLR who
did not sustain a new ACL injury included 130 players (70%).

Of the 119 players with no ACL injury at baseline, 113
responded (response rate 95%), age 24.5 (SD 2.6) years.
Time between baseline and follow-up was 5.0 (SD 0.7) years.
Eleven players sustained an ACL injury and one player (total
12/113; 11%) sustained two ACL injuries and were excluded
in the final analysis to keep an injury-free control group
(Fig. 1). Thus, players with no ACL injury included 101 play-
ers (89%) (Table 1).

At baseline, 77% of the players with a primary ACLR who
sustained a new ACL injury still played football compared
with 56% in players with a primary ACLR who did not sustain
a new ACL injury (p = 0.008). At follow-up, 14% in players
with a primary ACLR who sustained a new ACL injury and 29%
in players with a primary ACLR who did not sustain a new
ACL injury still played football (p = 0.030) (Table 1).

Did not reply to invitation to participate

According to the SNKLR, those who did not reply at baseline
(n = 56) did not differ significantly from those who replied
(n = 186) regarding age, BMI, graft, presence of concomitant
injuries at primary ACLR, or additional ACLR (p > 0.05).

Changes from baseline to follow-up

Within-group results

From baseline to follow-up, the mean IKDC-SKF score
decreased among players with a primary ACLR who sustained
a new ACL injury (mean difference: �11.4, 95% CI: �16.0,
�6.7), while no change was seen for players with a primary
ACLR who did not sustain a new ACL injury. The mean score

on the Tegner Activity Scale decreased in all three groups
(Table 2). The mean satisfaction with knee function
increased slightly among players with a primary ACLR who
did not sustain a new ACL injury (mean difference: 0.6, 95%
CI: 0.3, 0.9). Satisfaction with activity level was significantly
decreased among players with a primary ACLR who sustained
a new ACL injury (mean difference: �1.5, 95% CI: �2.3,
�0.7) and in players with no ACL injury (mean difference:
�0.7, 95% CI: �1.1, �0.3) (Table 2).

Between-group results

Between-group differences in within-group change from
baseline to follow-up revealed that players with a primary
ACLR who sustained a new ACL injury had larger decreases
in knee function (IKDC-SKF) (mean difference: �12.5, 95%
CI: �16.7, �8.3), activity level (mean difference: �1.5, 95%
CI: �2.6, �0.3), and satisfaction with knee function (mean
difference: �0.9, 95% CI: �1.4, �0.4) and activity level
(mean difference: �1.3, CI: �2.2, �0.4) than players with a
primary ACLR who did not sustain a new ACL injury. Com-
pared to players with no ACL injury, players with a primary
ACLR who sustained a new ACL injury had larger decreases
in activity level (mean difference: �1.6, 95% CI: �2.7,
�0.4) and satisfaction with knee function (mean difference:
�1.5, 95% CI: �2.0, �0.9) and activity level (mean differ-
ence: �1.0, 95% CI: �1.9, �0.1)(Table 2).

Sensitivity analysis

For the sensitivity analysis, eight players, who either had an
additional ACL injury or ACLR within one year from follow-
up (Table 1), were removed from the analyses. The main
conclusions from the within-group and between-group com-
parisons did not change, but excluding these eight players
generally resulted in lower change scores for the included
outcomes. The main difference after excluding the eight
players with a primary ACLR who sustained a new ACL injury
was in IKDC-SKF (within-group change; mean difference:
�7.6, 95% CI: �12.0, �3.2 compared to �11.4, 95% CI:
�16.0, �6.7 and between-group change; mean difference
�8.6, 95% CI: �13.1, �4.1 compared to �12.5, 95% CI:
�16.7, �8.3). All other differences in change scores were
small to trivial.

Discussion

The main findings were that female football players with
previous ACLR who sustained an additional ACL injury
showed a large decrease in self-reported knee function,
activity level, and satisfaction with knee function and activ-
ity level at five-year follow-up. All players had a notable
decreased in activity level. Thus, our hypothesis was partly
confirmed. Knee-healthy players also decreased their activ-
ity level and satisfaction with their activity level and these
changes were consistent with players with primary ACLR at
baseline who did not sustain an additional ACL injury.

Players with a primary ACLR who sustained a new
ACL injury had a decrease in knee function measured with
IKDC-SKF (mean difference: �11.4, 95% CI: �16.0, �6.7)
compared with players with a primary ACLR who did not sus-
tain a new ACL injury (mean difference: 2.0, 95% CI: �0.2,
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Table 1 Demographic and football-related factors at baseline and at five-year follow-up for female football players.

Information available for all players Players with primary ACL reconstruction at baseline (n = 186)

Group with additional ACL injury (n = 56) Group with no additional ACL injury (n = 130) Group with no ACL injury (n = 101)

Baseline Follow-up Baseline Follow-up Baseline Follow-up

Age, years, mean (SD) 20.0 (2.7) 24.9 (2.7) 20.3 (2.7) 25.2 (2.8) 19.5 (2.6) 24.5 (2.7)

Body mass index, kg/m2, mean (SD) 22.3 (2.2) 22.9 (2.6) 22.6 (2.3) 23.3 (2.6) 22.1 (2.0) 22.7 (2.5)

Time from ACLR, months, mean (SD) 19.1 (8.3) 37.9 (18.3)a 19.7 (8.4) 78.4 (12.3) NA NA

<9 months 5 (9) 7 (12)a 6 (5) 0 (0) NA NA

9�11 months 10 (18) 1 (2)a 24 (18) 0 (0) NA NA

12�24 months 23 (41) 7 (12)a 53 (41) 0 (0) NA NA

>24 months 18 (32) 41 (73)a 47 (36) 130 (100) NA NA

Occupation

Worker 21 (38) 32 (57) 37 (28) 94 (72) 25 (25) 70 (69)

Student 35 (63) 24 (43) 93 (72) 36 (28) 76 (75) 31 (31)

Other training (not football) 34 (61) 39 (70) 90 (69) 85 (65) 53 (52) 60 (59)

Information available only for players still

playing football

n = 43 (77) n = 8 (14) n = 73 (56) n = 38 (29) n = 101 (100) n = 47 (47)

Playing positionb

Goalkeeper 1 (2) 0 (0) 4 (6) 2 (5) 4 (4) 3 (6)

Defender 10 (23) 2 (25) 30 (42) 14 (37) 41 (41) 17 (36)

Midfield 25 (58) 4 (50) 25 (35) 14 (37) 40 (40) 18 (38)

Forward 7 (16) 2 (25) 13 (18) 8 (21) 16 (16) 9 (19)

Dominant leg (preferred kicking leg)

Right 39 (91) 7 (88) 66 (90) 35 (92) 98 (97) 45 (96)

Left 4 (9) 1 (12) 7 (10) 3 (8) 3 (3) 2 (4)

Level of play

Elite (2 top divisions) 7 (16) 4 (50) 6 (8) 5 (13) 11 (11) 8 (17)

3rd to 5th division 31 (72) 4 (50) 59 (81) 30 (79) 78 (77) 34 (72)

Lowest divisions 5 (11) 0 (0) 8 (11) 3 (8) 12 (12) 5 (11)

Level of play compared with before the

ACL injury

Same level 25 (60) 2 (25) 43 (60) 16 (42) NA NA

Higher level 9 (21) 3 (38) 12 (17) 11 (29) NA NA

Lower level 8 (19) 3 (38) 17 (24) 11 (29) NA NA

Perceived impact of ACL injury on football

playing ability

Same as before the injury 17 (39) 5 (63) 23 (32) 17 (45) NA NA

Changed playing style to control the knee 9 (21) 1 (12) 16 (22) 8 (21) NA NA

Use knee orthosis to be able to play 2 (5) 1 (12) 1 (1) 4 (10) NA NA

I continue to play despite instability or

pain

1 (2) 0 (0) 3 (4) 0 (0) NA NA
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Table 1 (Continued)

Information available for all players Players with primary ACL reconstruction at baseline (n = 186)

Group with additional ACL injury (n = 56) Group with no additional ACL injury (n = 130) Group with no ACL injury (n = 101)

Baseline Follow-up Baseline Follow-up Baseline Follow-up

I stop playing when I experience knee

symptoms

2 (5) 0 (0) 4 (5) 1 (3) NA NA

I am more cautious in my playing to avoid a

new injury

10 (23) 1 (12) 22 (29) 7 (18) NA NA

Other 2 (5) 0 (0) 4 (5) 1 (3) NA NA

Knee injury prevention training with the

team

Yes, every training NA 3 (38) NA 9 (24) NA 11 (23)

Yes, 1�2 training sessions/week NA 2 (25) NA 7 (18) NA 9 (19)

Yes, 1�2 training sessions/month NA 1 (12) NA 4 (11) NA 9 (19)

No, but I practice by myself NA 1 (12) NA 9 (24) NA 5 (11)

No, none NA 1 (12) NA 9 (24) NA 13 (28)

Most important reason for playing football

To win 7 (17) 2 (25) 8 (11) 2 (5) 9 (9) 5 (11)

Practice/prepare for competition 8 (19) 1 (12) 16 (22) 6 (16) 18 (18) 3 (6)

Have fun 23 (55) 5 (63) 41 (57) 26 (68) 60 (59) 31 (66)

Help the team/health reasons/other 4 (10) 0 (0) 8 (11) 4 (11) 14 (14) 8 (17)

Risk behaviour

Avoided risks at any price 6 (14) 0 (0) 10 (14) 0 (0) 0 (0) 0 (0)

Tried to avoid risks most of the time 24 (57) 6 (75) 35 (50) 16 (42) 41 (41) 23 (49)

Sometimes took deliberate risks 12 (29) 1 (13) 19 (26) 17 (45) 50 (50) 16 (34)

Often took deliberate risks 0 (0) 1 (13) 8 (11) 5 (14) 10 (10) 8 (17)

Use knee brace 6 (12) 1 (13) 19 (26) 8 (21) 2 (2) 2 (4)

Football-specific questions

I feel limited when playing football after

the ACL injury

23 (55) 2 (25) 39 (54) 8 (21) NA NA

I cannot perform at the same level as

before the ACL injury when playing

football

19 (45) 3 (38) 47 (65) 13 (34) NA NA

Values are reported as n (%) if not otherwise stated. ACL, anterior cruciate ligament; ACLR, ACL reconstruction; FU, Follow-up; NA, not applicable.
a Time from additional ACL injury or ACLR to follow-up.
b One missing answer in playing position at baseline in group 2.
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4.2), who did not change. This is consistent with previous
results showing a negative impact regarding self-reported
knee function measured with IKDC-SKF, Lysholm Score, or
the KOOS after revision surgery compared with after primary
ACLR.22-24 Patients with additional ACL injuries probably
have decreased self-reported knee function compared with
patients with primary ACLR due to an additional trauma
to the knee. Many of them also have additional ACLRs and
other concomitant injuries to cartilage and the menisci22

and tibiofemoral osteoarthritis.23

Most of the previous studies reporting self-reported knee
function includes only patients with a second ACLR and
report either patients with revision or contralateral ACLR. In
our cohort, we included all players with an additional ACL
injury regardless of whether they had a new ACL injury in
the same (graft rupture) or the contralateral knee and
regardless of the treatment strategy (ACLR or not). It was
more common that our female football players with an addi-
tional ACL injury underwent a second contralateral

compared with ipsilateral ACLR (89% vs 51%). It is important
for the players and for clinicians to be aware of the profound
negative impact that an additional ACL injury may have on
knee function and the importance of tertiary prevention.

The activity level decreased from baseline to follow-up
for all groups. Between-group comparisons showed the larg-
est decrease for players with a primary ACLR who sustained
a new ACL injury. We graded activity according to the Tegner
Activity Scale to compare different demanding knee activi-
ties. Previous studies comparing patients with revision23 or
bilateral ACL injuries8 with patients with primary ACLR
showed no difference in scores on the Tegner Activity Scale.
Many players who sustain an additional ACL injury return to
high knee-demanding sports after their primary ACLR and
have a high Tegner Activity Score.3 However, their career is
often short.11,25 Therefore, when comparing changes in
activity in the same patient from primary ACLR to after sus-
taining an additional ACL injury the decrease in activity
level could be obvious. We also included players who had

Table 2 Changes in self-reported knee function, activity level, and satisfaction with knee function and activity level at baseline

and at follow-up in female football players with ACL reconstruction at baseline who either sustained (group 1, n = 56) or did not

sustain (group 2, n = 130) an additional ACL injury between follow-up time points, as well as players with no ACL injury (group 3,

n = 101).

Group Baseline,

mean (95% CI)

Follow-up,

mean (95% CI)

Within-group change

Mean difference (95% CI)

IKDC-SKF (0�100)a

1. Additional ACL injury 81.7 (78.3, 85.1) 70.4 (65.4, 75.4) �11.4 (�16.0, �6.7)*

2. No additional ACL injury 79.2 (76.8, 81.7) 81.3 (78.7, 83.8) 2.0 (�0.2, 4.2)

Between-group differenceb

1�2 �12.5 (�16.7, �8.3)*

Tegner Activity Scale (0�10)

1. Additional ACL injury 8.1 (7.5, 8.7) 4.0 (3.2, 4.7) �4.1 (�5.0, �3.3)*

2. No additional ACL injury 6.4 (5.9, 7.0) 4.7 (4.2, 5.3) �1.7 (�2.3, �1.2)*

3. No ACL injury 9.1 (9.0, 9.2) 6.0 (5.3, 6.6) �3.1 (�3.8, �2.5)*

Between-group differenceb with Bonferroni correction

1�2 �1.5 (�2.6, �0.3)*

1�3 �1.6 (�2.7, �0.4)*

2�3 �0.1 (�1.1, 0.9)

Satisfaction with current knee function (1�7)

1. Additional ACL injury 3.0 (2.6, 3.4) 3.4 (2.9, 3.8) �0.3 (�0.9, 0.2)

2. No additional ACL injury 3.0 (2.8, 3.3) 2.5 (2.2, 2.7) 0.6 (0.3, 0.9)*

3. No ACL injury 1.4 (1.2, 1.6) 1.4 (1.2, 1.6) 0.0 (�0.2, 0.3)

Between-group differenceb with Bonferroni correction

1�2 �0.9 (�1.4, �0.4)*

1�3 �1.5 (�2.0, �0.9)*

2�3 �0.6 (�1.0, �0.1)*

Satisfaction with current activity level (1�10)

1. Additional ACL injury 7.0 (6.3, 7.6) 5.5 (4.7, 6.3) �1.5 (�2.3, �0.7)*

2. No additional ACL injury 6.3 (5.9, 6.7) 6.5 (6.0, 6.9) 0.2 (�0.3, 0.6)

3. No ACL injury 7.4 (7.0, 7.7) 6.7 (6.2, 7.1) �0.7 (�1.1, �0.3)*

Between-group differenceb with Bonferroni correction

1�2 �1.3 (�2.2, �0.4)*

1�3 �1 (�1.9, �0.1)*

2�3 0.3 (�0.4, 1.1)

a No baseline or follow-up values for IKDC-SKF for the players with no ACL injury are available.
b Adjusted for mean baseline values of each outcome in the total cohort.
* p < 0.05

ACL, anterior cruciate ligament; IKDC-SKF, International Knee Documentation Committee Subjective Knee Form.
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additional ACL injuries but did not undergo reconstruction,
which could imply decreased activity level due to persistent
functional instability or other life priorities. Many female
players, even players without ACLR, quit football as they get
older for different reasons such as family or work commit-
ments, lack of interest, or other reasons than the knee11 and
therefore we also followed players with no ACL injury. At fol-
low-up, there were significant between-group differences
regarding the number who still played football. The lowest
participation rate was among those who had sustained an
additional ACL injury (14% still played) and players with a
primary ACLR at baseline (29% still played) compared with
players who were knee healthy at baseline (47% still played).
These findings agree with previous studies on female foot-
ball players with primary ACLR, which reported that
12%�31% were still playing at a median of seven years fol-
low-up.26,27

Players with a primary ACLR who did not sustain a new
ACL injury showed a slight increase in satisfaction. Between-
group comparisons showed a significant decrease in satisfac-
tion with knee function for the players with a primary ACLR
who sustained a new ACL injury compared to players with a
primary ACLR who did not sustain a new ACL injury and play-
ers with no ACL injury. Satisfaction with activity level
decreased significantly in players with a primary ACLR who
sustained a new ACL injury. In contrast, in a previous study,
patients with bilateral ACL injuries did not differ compared
with patients with primary ACLR regarding satisfaction with
activity level.8 Patients who return to sport,20,28 have higher
self-efficacy, and have greater knee-related quality of life
after ACLR are more likely to be satisfied.20 It is important
to set realistic goals after primary and especially after a sec-
ond ACLR to prevent athletes’ dissatisfaction.29

A strength of our study is the homogeneous cohort of
female football players with ACLR and without ACL injury at
baseline. We had a high response rate (95%) at follow-up
from players with no ACL injury, which strengthens the value
of the data. The inclusion of players with no ACL injury
made it possible to follow the natural course of self-reported
activity level and satisfaction with knee function and activ-
ity level.30 When evaluating how much the players in the dif-
ferent groups changed from baseline to follow-up in Tegner
Activity Score, IKDC-SKF, and satisfaction with knee function
and activity level it is easier to get a lower follow-up score
and greater changes between baseline and follow-up if you
start with a higher baseline score. Therefore, we adjusted
the baseline values to see if the changes depend on eventual
differences in baseline values, especially between the play-
ers with primary ACLR and players with no ACL injury.

Some limitations should be acknowledged. There is a risk
of recall bias regarding reports of having sustained an ACL
injury during follow-up, but this risk is considered minimal
because an ACL injury usually affects the player to a great
extent. In addition, all new reported ACL injuries were con-
firmed from medical records or the SNKLR. There were few
players who still played football at follow-up and therefore
only descriptive football-specific data were reported and not
the changes from study baseline. It is difficult to measure
activity level; the Tegner Activity Scale is not a real categori-
cal scale and includes limited types of sport even in the modi-
fied and updated score.8 To assign the most correct level, this
was done by the first author. It could be difficult for the

responders to select a level from the sparse information about
sport and level of participation given in the questionnaire.
Another limitation is that the two different scales used for
evaluation of satisfaction are not examined for psychometric
parameters. The players who sustained a new ACL injury had
different follow-up times from the injury, ranging from 2 to
81 months. We performed a sensitivity analysis to account for
the fact that time from injury or ACLR to follow-up can affect
the results in our outcomes. Importantly, this sensitivity anal-
ysis did not change the main conclusions. Finally, we do not
know if the results are valid for athletes in other sports than
football and for male athletes.

Conclusions

A primary ACL injury decreased the activity level and satis-
faction with knee function. Female football players with a
previous primary ACLR who had an additional ACL injury
decreased their self-reported knee function, activity level,
and satisfaction with knee function and activity level the
most. The findings highlight the importance of primary and
tertiary prevention for ACL injuries.
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