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Background: Return to sports (RTS) is frequently considered an indicator of successful recovery after anterior cruciate ligament
reconstruction (ACLR). However, despite the well-recognized health benefits of physical activity (PA), little is known about objec-
tively measured PA in the 1 to 2 years after ACLR. Given that young female athletes have a high prevalence of ACLR and lower
RTS rates as compared with their male counterparts, an in-depth examination of PA in this subgroup is warranted.

Hypothesis: We hypothesized that female youth and young adults who have had ACLR in the previous 1 to 2 years would have
less moderate or vigorous PA (MVPA) compared with healthy matched controls. We also hypothesized that the ACLR group
would report lower levels of sports participation, patient-reported health outcomes, and physical function.

Study Design: Cohort study; Level of evidence, 3.

Methods: Participants included 51 female athletes with primary unilateral ACLR for a sports-related injury in the previous 1 to 2
years and 51 age- and sports-matched controls. Outcomes included objectively measured PA (GT3X accelerometers), previous
and current sports participation and RTS, body mass index, Knee injury and Osteoarthritis Outcome Score (KOOS), triple single-
leg hop, and one-leg rise. Mean within-pair differences with 95% CIs were used to assess differences between groups across all
outcomes. Multivariable linear regression (clustered by pair) was used to examine whether the ACLR group had less MVPA than
did the age- and sports-matched control group, adjusting for total wear time, age, time since injury, and body mass index.

Results: Median age was 17.8 years (range, 14.6-22.6 years). There was no significant difference between groups in MVPA. How-
ever, the injury group had fewer mean minutes per day of vigorous PA (–1.22; 95% CI, –2.40 to –0.04), poorer KOOS values on all
subscales, and shorter triple single-leg hop distance. In the injury group, 28 (55%) returned to sports, including 14 (27.5%) who
returned at preinjury performance level. Across both groups, over one-third changed their most important sport, shifting toward
an individual-based sport.

Conclusion: At 1 to 2 years after ACLR, female athletes demonstrated no differences in combined MVPA and only a very small
reduction in vigorous PA, yet they had higher levels of self-reported knee pain and symptoms, reduced knee function in sports,
lower quality of life, and poorer objective knee function compared with matched controls.
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Participation in regular physical activity (PA) is a key
modifiable risk factor for the prevention of chronic disease,
disability, and mortality worldwide.50 In youth, PA is instru-
mental in stimulating cardiac health, bone and musculoskel-
etal development, and psychological well-being.24,33 Sports
are a primary source of PA engagement for youth. However,

sports-related injuries are the leading type of injury in this
population,15 and evidence suggests that injury rates are ris-
ing.29 The knee is among the most commonly injured joints,
with anterior cruciate ligament (ACL) rupture being one of
the most devastating knee injuries for a young athlete.22,28

The potential long-term consequences of ACL rupture
include recurrent injury and early-onset osteoarthritis,7

which affects younger adults with a history of injury and is
characterized by chronic pain and disability.6

Return to sports (RTS) is often cited as a key goal by
injured athletes19 and is considered a marker of successful

The American Journal of Sports Medicine
2021;49(6):1460–1469
DOI: 10.1177/03635465211002530
� 2021 The Author(s)

1460

http://crossmark.crossref.org/dialog/?doi=10.1177%2F03635465211002530&domain=pdf&date_stamp=2021-04-08


injury recovery by clinicians and researchers.27 However,
just over half of athletes make a return to competitive
sports 1 year after ACL reconstruction (ACLR).2 While
an abundance of literature has examined factors that influ-
ence RTS after ACLR,1,14 much less is known about PA
participation, which includes active transport, occupa-
tional demands, and household activities, in addition to
sports and recreation participation.35 Furthermore, RTS
or self-reported PA data do not provide an objective mea-
surement of PA amount or intensity to facilitate compari-
son with PA guidelines. Current Canadian PA guidelines
recommend 60 minutes per day of moderate or vigorous
PA (MVPA) for children and adolescents (aged 5-17 years)
and 150 minutes per week for adults (aged �18 years).40,41

The effect of previous ACLR on objectively measured PA
has been examined in only a few previous studies con-
ducted by 1 research team.3,26 In the first study, the
authors found that college-aged adults with previous
ACLR spent less time in objectively measured MVPA
than did matched healthy controls without a history of
knee injury.3 In the second study, they found that female
participants who had undergone ACLR were less likely to
meet PA guidelines than were young male and female par-
ticipants without ACLR.26 These findings support the
hypothesis that individuals who have sustained an ACL
rupture, particularly female patients, would be at risk of
less PA in the future.

The current study aims to build on this previous work
by examining objectively measured PA in female athletes
at a younger age range and at a closer time since surgery
compared with the previous studies. The transition from
adolescence to adulthood is a critical period for promoting
PA.38 Furthermore, the period of 1 to 2 years after surgery
is when many individuals attempt to RTS and may still be
in contact with rehabilitation providers, making this an
opportunity for intervention if needed.

The primary objective of this study was to determine if
female youth and young adults who have had ACLR differ
in amount of objectively measured MVPA as compared
with healthy matched controls 1 to 2 years after recon-
struction. We hypothesized that female youth and young
adults who have had ACLR in the previous 1 to 2 years
would have less MVPA than would healthy matched con-
trols. The secondary objective was to examine differences

between groups across a variety of health outcomes includ-
ing body mass index (BMI), sports participation, patient-
reported health outcomes, and physical function. We
hypothesized that the ACLR group would report lower lev-
els of sports participation, patient-reported health out-
comes, and physical function.

METHODS

Study Design

This study involved a cohort of 102 female youth and young
adults aged 15 to 23 years: 51 who had undergone ACLR in
the previous 1 to 2 years (injury group) and 51 without
a previous knee injury (control group), matched by age
and previous sports background. Sample size was based
on the following: (1) an a priori estimation of being able
to detect a clinically meaningful difference in MVPA
(7.5 min/d) between matched injury and control groups,
which was based on pilot data from 7 days of accelerometer
wear in youth and young adults 3 to 10 years after knee
injury (n = 14 matched pairs) from the University of Cal-
gary (power = 0.80; a = .05).5,48

Ethical approval was granted by the University of
British Columbia’s Behavioural Research Ethics Board
(H16-01938). At study entry, all participants completed
informed consent or assent (accompanied by parental con-
sent if \16 years of age) and a health screening tool (Phys-
ical Activity Readiness Questionniare, revised 2002).

Participants

Injury group inclusion criteria at recruitment included
female sex, age between 14 and 23 years, and unilateral
primary ACLR for a sports-related knee injury in the pre-
vious 1 to 2 years. Participants were excluded if they had
a previous ipsilateral or contralateral ACLR. For the con-
trol group, inclusion criteria included female sex, age
between 14 and 23 years, and no previous sports time
loss or medical consultations attributed to a knee injury.
Each participant with an injury had a control participant
matched by age (date of birth within 1 year) and previous
sport (primary sport and competitive level). For both

*Address correspondence to Allison M. Ezzat, PT, PhD, La Trobe Sport and Exercise Medicine Research Centre, La Trobe University, Plenty Road and
Kingsbury Dr, Bundoora, VIC 3086, Australia (email: a.ezzat@latrobe.edu.au) (Twitter: @AllisonEzzat).

ySchool of Population and Public Health, University of British Columbia, Vancouver, Canada.
zBC Children’s Hospital Research Institute, Vancouver, Canada.
§Department of Pediatrics, University of British Columbia, Vancouver, Canada.
||BC Injury Research and Prevention Unit, Vancouver, Canada.
{Sport Injury Prevention Research Centre, Faculty of Kinesiology, University of Calgary, Calgary, Canada.
#Departments of Pediatrics and Community Health Sciences, Cumming School of Medicine, University of Calgary, Calgary, Canada.
**Alberta Children’s Hospital Research Institute, O’Brien Institute of Public Health, and McCaig Institute for Bone and Joint Health, University of Calgary,

Calgary, Canada.
Submitted June 8, 2020; accepted December 18, 2020.

A.M.E. is now affiliated with La Trobe Sport and Exercise Medicine Research Centre, School of Allied Health, Human Services and Sport, La Trobe
University, Australia, and the Department of Physical Therapy, University of British Columbia, Vancouver, Canada.

One or more of the authors has declared the following potential conflict of interest or source of funding: A.M.E. was funded through the Canadian Child
Clinician Scientist Program. M.B. and L.C.M. received salary support from the BC Children’s Hospital Research Institute. AOSSM checks author disclo-
sures against the Open Payments Database (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or
responsibility relating thereto.

AJSM Vol. 49, No. 6, 2021 ACL Injury and Physical Activity 1461



groups, exclusion criteria at the time of recruitment
included pregnancy, any musculoskeletal injury sustained
in the past 3 months that resulted in missed sports partic-
ipation, the inability to speak and understand English, or
any systemic disease (eg, cancer, heart abnormalities) or
neurological disorder (eg, head injury, cerebral palsy).

Participants with previous ACLR were recruited from
11 orthopaedic surgeons in the Greater Vancouver region
as well as through study information distributed by collab-
orators (Figure 1). Potential participants were identified
from surgical reports within their medical records by med-
ical office assistants at their clinics and mailed an invita-
tion letter. Within 2 weeks, follow-up telephone calls
were made to inquire if the letter was received and to con-
firm interest. To recruit controls, each participant with an
injury suggested a teammate from her previous sports
team at the time of knee injury. When this was not possi-
ble, a matched control was recruited through distribution
of study information by collaborators.

Data Collection

After informed consent and enrollment, available ACLR
information from the time of surgery was obtained from
medical records (eg, age, time from injury to surgery, surgi-
cal details, anthropometrics [height, weight]). All data were
collected at a single in-person session, with the exception of
accelerometry. Data collection included the following:

Study-specific questions: participant characteristics,
injury details, past and present PA participation, RTS
details
Anthropometric measurements: height (in centimeters) and
weight (in kilograms)

Patient-reported health outcomes: Tegner activity
level,36 Knee injury and Osteoarthritis Outcome Score
(KOOS),34 Knee Self-Efficacy Scale (K-SES),18 Anterior
Cruciate Ligament–Return to Sport After Injury (ACL-
RSI) scale,45 Tampa Scale for Kinesiophobia (TSK-11)49

Physical function tests: triple single-leg hop (TSLH)31

and 1-leg rise (OLR)39

At the end of the session, participants were given an accel-
erometer to wear for 13 consecutive days, after which it
was returned to the investigators by mail or picked up in
person.

Accelerometry: PA Outcomes

Participants were fitted with a triaxial accelerometer
(GT3X; Actigraph) on the right anterior superior illiac spine
using an elastic belt at the level of the illac crest. Accelerom-
eters are recognized as the gold standard for measuring PA
in field settings16 and have been used in young active popu-
lations.3 The accelerometer did not share any information
with participants that could influence their PA. Participants
were instructed to wear the device under clothing during all
waking hours for 13 days. A valid day required a minimum
of 10 hours of wear time.30,42 To be included in multivari-
able analyses, participants needed to have a minimum of
4 valid days, including 1 weekend day, as this was the
same criteria applied in most recent Canadian population-
based accelerometry studies of adults and youth.11,12

A number of strategies were employed to promote accel-
erometer adherence. Participants received a logbook to
record accelerometer wear time and nonwear time (ie,
swimming, bathing, or sleeping) to stimulate self-monitor-
ing.44 Written instructions, reminders, and a tip sheet

Injury group 

participants (n = 51)

Unable to contact or no 

interest (n = 46)

Failed to meet inclusion

criteria (n = 8)

Study collaborators 

recruit injury (n = 4) 

and control (n = 21) 

participants

Historical participant 

characteristics from time of 

knee surgery (n = 51)

Data collection (n = 102)

Control group 

participants (n = 51)

Control participants recruited by 

injury participants (n = 30)

Potential injury group participants contacted by

orthopaedic surgeons’ offices (n = 93)

Figure 1. Participant recruitment and data collection.
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were included in the logbook. Participants had the option
to receive automatic text message reminders at individu-
ally specified times over the wear period, a strategy previ-
ously found to increase wear time in adolescents.4 At the
data collection session, an example of accelerometry data
output was shown to participants as another tactic to pro-
mote greater accountability.44

The accelerometer was preset to filter nonhuman motions,
with recording restricted between 0.25 and 2.5 Hz. Data were
collected in raw acquisition mode and subsequently processed
and analyzed using ActiLife software, the proprietary soft-
ware associated with Actigraph accelerometers. Monitor non-
wear time and total wear time were estimated and validated
using recommendations of Choi et al,10 and the digitalized
acceleration signal was converted into 1-minute epochs
with an activity count for each epoch.

During data reduction, PA was classified into minutes
of light, moderate, and vigorious PA based on validated
cut points (light, 100-2019 counts; moderate, 2020-5998
counts; vigorous, �5999 counts).42 A sensitivity analysis
was conducted by repeating the primary analysis using dif-
ferent validated youth cut points (light, 101-2295 counts;
moderate, 2296-4011 counts; vigorous, �4012 counts) for
participants who were \18 years of age.17,43

PA outcomes obtained from the accelerometers included
mean minutes per day of light PA, moderate PA, vigorious
PA, and MVPA. Meeting Canadian PA guidelines was
examined, and participants were assigned to groups
dichotomized as yes (meeting the guidelines) or no (not
meeting the guidelines). To calculate weekly PA, the
mean number of minutes per day for each participant
was multiplied by 7 to account for the varied number of
valid days among participants.

Anthropometric Measurements

Anthropometric measurements were assessed to calculate
BMI using a medical scale (model 869; seca) with weight
recorded to the nearest 0.1 kg and a stadiometer (model
217; seca) with height recorded to the nearest 0.1 cm.
BMI was examined as continuous and categorical varia-
bles. For participants between 14 and 19 years of age,
BMI was converted into age- and sex-specific percentiles
using US reference data: underweight (\5.0th percentile),
normal weight (5.0th-85th percentile), overweight (�85th
percentile), and obese (�95th percentile).9 Participants
�20 years old were classified by accepted adult standards:
underweight (BMI \18.5), healthy weight (18.5-24.9),
overweight (25.0-29.9), and obese (�30.0).23

Patient-Reported Health Outcomes

All study participants completed the Tegner Activity
Scale36 and KOOS.34 Only the injury group completed
the ACL-RSI,45 K-SES,18 and TSK-11.49 Details on the psy-
chometric properties of these outcomes are available in
Appendix 1 (available in the online version of this article).

Physical Function Tests

Each participant completed the TSLH31 and OLR.39 A
description of the procedures for these tests is in Appendix
2 (available online).

Statistical Analysis

Descriptive statistics were summarized by group and
reported as frequency (percentage) and mean (SD) or
median (range), as appropriate by data distribution. Avail-
able participant characteristics were summarized for the
injury group. All continuous variables were examined for
normality (Shapiro-Wilk test) and homogeneity of variance
when necessary. In the case of missing data, the partici-
pant and matched control were removed from that specific
analysis. The median (range) and mean within-pair differ-
ences (95% CI) were calculated for the following outcomes:
light PA, moderate PA, vigorous PA, MVPA, KOOS (5 sub-
scales), TSLH, and OLR. The minimal clinically important
difference for the KOOS was considered as follows: Pain, 6;
Symptoms, 5 to 8.5; function in Activities of Daily Living, 7
to 8; function in Sport/Recreation, 5.8 to 12; knee-related
Quality of Life, 7 to 7.2.34

The assumptions for linear regression were evaluated
through examination of residual plots and Q-Q plot: Y val-
ues are independent and a linear function of X; homosce-
dasticity indicates constant variance; and for a given x, y/
errors are normally distributed. A multivariable linear
regression (95% CI) was done, accounting for clustering
by pair; assessing the association of previous knee injury
(exposure) with MVPA (outcome); and including coeffi-
cients for age, total wear time, time since injury, and
BMI. The value for time since injury for control partici-
pants was considered the same as that for the matched
participants, reflecting an equivalent knee injury–free
period. Regression analyses began with the full model.
Using a backward stepwise elimination approach, each vari-
able was individually removed from the model to see its
effect as a potential confounder between the primary expo-
sure variable and the outcome. Collinearity was checked
for all continuous variables. An interaction term between
BMI and group (injury or control) was examined. The
most parsimonious model was kept as the final model. As
a sensitivity analysis, a multivariable linear regression
analysis between injury group and MVPA (with BMI as
a covariate) was repeated including only injured partici-
pants (and their matches) who had also sustained concur-
rent meniscal injury (n = 24 matched pairs).

For the secondary objective, in a similar model-building
strategy to that just described, separate multivariable linear
regression models (adjusted for clustering by pair) were used
to assess the association between group (injury or control)
and each of the following outcomes: BMI, TSLH, and OLR,
with covariates as appropriate (eg, time since injury, age).
To adjust for multiple comparisons, a significance level of
.01 was used (alpha = .05/5). All statistical analyses were per-
formed using SAS Version 9.4 (SAS Institute).
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RESULTS

Participant recruitment is outlined in Figure 1. Partici-
pant characteristics at entry into the cohort are summa-
rized by group (injury or control) in Table 1. Median age
of participants was 17.8 years, varying from 14.6 to 22.6
years. In addition to ACL rupture, 24 (47.1%) participants
in the injury group sustained concurrent meniscal tears.
Nearly two-thirds of ACL ruptures were described as non-
contact. At data collection, it had been a median 1.7 years
(range, 1.1-7.3) and 1.1 years (range, 1.0-2.0) since injury
and surgery, respectively, for participants in the injury
group. All participants in the injury group attended phys-
ical therapy after knee surgery, although the duration and
number of treatments varied considerably.

Available participant characteristics from the time of
ACLR are presented in Table 2 for the injury group. Partic-
ipants had a median age at the time of surgery of 16.9
years (range, 13.4-21.6) and a mean BMI of 21.7 (SD, 3.2).

Participants reported being previously engaged in a vari-
ety of sports for a minimum 1 hour per week (before ACL
rupture/1-2 years earlier), with the most frequent being soc-
cer, basketball, and volleyball. Present-day sports participa-
tion had changed for both groups, with 48% and 25%
decreases in the number of participants who played soccer
in the injury and control groups, respectively. Among those
in the injury group, 54.9% reported a different ‘‘most impor-
tant sport’’ from preinjury, as opposed to 19.6% of partici-
pants in the control group. Furthermore, more participants
chose to engage in individual sports, such as strength train-
ing (increased .3-fold in the injury group) and aerobic exer-
cise at the fitness center (nearly doubled for the control
group). Figure 2 summarizes team and individual sports
played at both time points by group (before ACL rupture/
1-2 years earlier). Additional sports participation details
are available in Appendix 3 (available online).

The median Tegner activity level was 9 (range, 2-10) for
the control group and 7 (range, 1-10) for the injury
group. In the injury group, 55% of participants reported
that they had returned to sports, and of these, 50% stated
that they had returned to the same performance level as
before the knee injury and that this took a median 12
months (range, 3.5-22.0). Adult or youth PA guidelines,
as appropriate, were met by 60.8% and 46.0% of partici-
pants in the control and injury groups, respectively.

Descriptive details and mean within-pair differences for
participants’ PA, KOOS, and physical function tests are
presented in Table 3. The mean matched-pair difference
for mean minutes per day of vigorous PA was significantly
lower in the injury group (mean difference, –1.22; 95% CI,
–2.40 to –0.04), whereas no difference was found for other
PA intensities.

The injury group had significantly poorer KOOS out-
comes on all 5 subscales while meeting the minimal clini-
cally important difference for 4 subscales, with the
exception of Activities of Daily Living. The injury group
also had a significantly lower TSLH distance than did
the control group.

Among the 102 participants, 98 (96.1%) met the a priori
requirement of a minimum 4 valid days (including 1

weekend day), resulting in 47 matched pairs to include in
the multivariable analysis. There was no significant

TABLE 1
Participant Characteristics at Baseline

Recruitment Into Cohorta (N = 102)

Control

Group (n = 51)

Injury

Group (n = 51)

Age, y 17.8 (14.6-22.1) 17.8 (14.9-22.6)

Height, cm 165.1 6 5.7 166.0 6 6.4

Weight, kg 61.6 6 7.7 64.0 6 10.4

BMI 22.6 6 2.5 23.3 6 3.9

Underweight 0 1 (1.96)

Normal 43 (84.3) 39 (76.5)

Overweight 8 (15.7) 7 (13.7)

Obese 0 4 (7.8)

Injured structures

ACL 51 (100.0)

MCL 2 (2.9)

Lateral meniscus 15 (29.4)

Medial meniscus 12 (23.5)

Mechanism of injuryb

Noncontact 31 (63.3)

Contact 18 (36.7)

Previous knee injury 8 (15.7)

Patellofemoral pain 4 (50.0)

MCL 1 (12.5)

Meniscus 1 (12.5)

Other 2 (25.0)

Time since surgery, y 1.1 (1.0-2.0)

Time since injury, y 1.7 (1.1-7.3)

PT

Attended before surgery, yes 45 (88.2)

Attended after surgery, yes 51 (100.0)

\3 mo 1 (2.7)

3 mo 7 (19.4)

6 mo 6 (16.2)

9 mo 12 (32.4)

12 mo 10 (27.0)

18 mo 1 (2.7)

Currently attending 14 (27.5)

Reasons for stopping PT

Therapist discharged 12 (32.4)

Able to do exercises on own 10 (27.0)

Felt ready to stop 8 (21.6)

Interfered with school/work 2 (5.4)

Too expensive 2 (5.4)

Traveling 3 (8.1)

No. of PT sessions 57.5 (3-600)

Tegner activity level 9 (2-10) 7 (1-10)

No. of sports

Preinjury/1-2 y ago 3 (1-12) 2 (1-9)

Present 2 (1-6) 2 (1-8)

RTS to any level, yes 28 (54.9)

RTS performance at preinjury level 14 (50.0)

Time after surgery to RTS, mo 12.0 (3.5-22.0)

PAG, yes c 31 (60.8) 23 (46.0)

K-SES 8.8 (3.4-9.9)

ACL-RSI 6.1 (1.3-9.3)

TSK-11 23 (12-33)

aValues are presented as median (range), mean 6 SD, or No. (%). ACL,

anterior cruciate ligament; ACL-RSI, Anterior Cruciate Ligament–Return

to Sport After Injury; BMI, body mass index; K-SES, Knee Self-efficacy

Scale; MCL, medial collateral ligament; PAG, physical activity guidelines;

PT, physical therapy; RTS, return to sports; TSK, Tampa Scale of

Kinesiophobia.
bn = 49.
cInjury group, n = 50.
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association between group (injury or control) and mean
minutes per day of MVPA, while controlling for BMI, total
wear time, time since injury, and age (Table 4). Results of
the sensitivity analysis examining mean minutes per day
of MVPA in the subgroup of participants who sustained
a concurrent meniscal injury (and their matched pairs)
were not significant (mean matched-pair difference,
–8.10; 95% CI, –23.98 to 7.78). Results of the sensitivity
analysis that repeated the primary objective with vali-
dated youth cut points for MVPA were essentially
unchanged from the original analysis (coefficient for injury
group, –4.40; 95% CI, –14.18 to 5.38).

For the secondary objectives, multivariable examination
of other health-related outcomes showed that the control
group had a significantly better performance on the
TSLH than did the injury group while controlling for
time since injury (Table 4).

DISCUSSION

This study examined PA and other health outcomes in
female youth and young adults, a distinctive group at
high risk of knee injury and consequently at elevated
risk of poor long-term joint problems (ie, early-onset osteo-
arthritis). The unique study design with age- and sport-
matched control participants facilitated a comparison of
health outcomes with peers. The main finding of this study
was contrary to the original hypothesis, as we did not find
a significant difference in MVPA between female youth
and young adults who had ACLR in the previous 1 to 2
years and healthy matched controls. The size of the point
estimate for the difference in vigorous PA between groups
(1.22 minutes) suggests that this is likely not clinically rel-
evant. However, other important findings from secondary
outcomes provide evidence that at 1 to 2 years after
ACLR these female patients have noteworthy deficits
including more self-reported knee pain and symptoms,
lower self-reported knee function in sports, reduced quality
of life, and poorer physical function (measured via the
TSLH) as compared with their matched uninjured
counterparts.

The main finding is in contrast to that of a recent inves-
tigation measuring objective MVPA in adults with

previous ACLR, which found that they had significantly
less MVPA than their matched controls had.3 However,
the mean MVPA performed by these adults was substan-
tially higher across both groups (injury, 78.34 min/d;
control, 94.16 min/d) than that in the current study involv-
ing female youth and young adults (injury, 38.8 min/d; con-
trol, 41.8 min/d). Additionally, the previous study included
adults up to 5.5 years since ACLR, much longer than the 1
to 2 years in the current study. Conversely, a recent study
involving youth and young adults 3 to 10 years after knee
injury did not find a difference in self-reported PA between
those with a previous knee injury and matched controls.47

Given the paucity of studies that have objectively mea-
sured PA in this population, these results could be consid-
ered encouraging to clinicians and public health
professionals by suggesting that female adolescents are
remaining as physically active as their peers in the early
years after ACLR. In fact, the amount of MVPA found per
day in this cohort is comparable with the results from
recent population-based accelerometry studies of Cana-
dian children and youth.11 The Canadian Health Meas-
ures Survey reported that girls aged 12 to 17 years
averaged 40 minutes (95% CI, 35-45) of MVPA per
day.11 However, Canadian women aged 20 to 39 years
reported smaller amounts of MVPA, with an average of
24 min/d.12

The results of this study highlight the importance of dis-
tinguishing between the evaluation of RTS and the broader
concept of PA participation. Only 54.9% and 27.5% of
injury group participants reported that they had returned
to sports and had returned to their previous performance
levels, respectively. These numbers are on par with those
of previous systematic reviews that have summarized
RTS at 1 year after ACLR.2,15 Observed in isolation, these
statistics suggest a dire situation for sports participation
after ACLR. However, the objectively measured PA results
in the current study are in contrast to the negative RTS
levels reported by participants and provide evidence that
RTS and PA should be treated as separate constructs.

TABLE 2
Available Participant Characteristics From Time

of Anterior Cruciate Ligament Reconstruction (n = 51)

Median (Range) or Mean 6 SD

Age at surgery, y 16.9 (13.4-21.6)
Time from injury to surgery, mo 5.4 (0.9-76)
Height at surgery,a cm 166.8 6 6.4
Weight at surgery,b kg 59.7 6 9.0
Body mass index at surgery 21.7 6 3.2

an = 32.
bn = 33.
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Figure 2. The number of team and individual sports for both
groups: previous (injury group, preinjury; control group, 1-2
years earlier) and present day.
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The detailed descriptive data on sports played by partic-
ipants in the current study suggest that many participants
from both groups changed the sports in which they
engaged over the previous 2 years, with many shifting
from team-based sports (eg, soccer) to more individually
oriented sports (eg, running). This behavior directly sup-
ports the theory that many youth and young adults change
sports owing to available sports opportunities and evolving
interests as they progress through teenage years regard-
less of injuries.37,38 Aligned with the current study is the
finding that PA that can be performed outside of a struc-
tured context, such as jogging, cycling, and skiing, is
more likely to be tracked from youth to adulthood.25 An

overemphasis on RTS, especially the same sports and at
the same competitive level, may distract clinicians from
encouraging overall healthy PA participation. This is
even more critical to consider when a young individual is
considering returning to a pivoting sport, where there is
an increased risk of recurrent injury,46 such as meniscal
or chondral damage, which could then accelerate develop-
ment of osteoarthritis.32

Despite the positive findings regarding PA, the KOOS
results from the participants in the injury group suggest
far-from-optimal health, with 4 of the 5 subscales meeting
minimal clinically important difference for lower scores as
compared with results from the control group. The control

TABLE 3
Physical Activity, Patient-Reported Outcome Measures, and Functional Performance Tests

by Study Group and Mean Within-Pair Differencesa (N = 102)

Group, Median (Range)

Outcome Control (n = 51) Injury (n = 51) Matched-Pair Difference, Mean (95% CI)b

PA, mean min/dc

MVPA 41.8 (11.6-158.7) 38.8 (8.1-108.9) 26.40 (–15.95 to 3.15)
Vigorous 2.6 (0-12.1) 1.1 (0-15) 21.22 (–2.40 to –0.04)d

Moderate 40.5 (11.6-153.6) 37.8 (7.9-105.6) 25.17 (–14.11 to 3.77)
Light 263.4 (122.9-381.7) 255.6 (110.8-485.9) 8.16 (–15.83 to 32.15)

KOOS
Symptoms 96.4 (67.9-100) 85.7 (32.1-100) 216.5 (–21.5 to –11.5)d

Pain 100 (80.6-100) 91.7 (66.7-100) 28.06 (–10.8 to –5.3)d

ADL 100 (91.2-100) 98.5 (82.4-100) 22.56 (–3.9 to –1.3)d

Sport/recreation 100 (80.0-100) 85 (50.0-100) 215.69 (–19.6 to –11.8)d

QOL 100 (68.8-100) 62.5 (6.25-93.8) 235.17 (–41.7 to –28.6)d

TSLH, % leg lengthe 358.5 (268.8-485.6) 333.75 (197.2-511.2) 238.0 (–61.5 to –14.5)d

OLRe 40.0 (9-213) 30.0 (6-157) 210.8 (–27.3 to 5.7)

aADL, Activities of Daily Living; KOOS, Knee injury and Osteoarthritis Outcome Score; MVPA, moderate or vigorous physical activity;
OLR, one-leg rise; PA, physical activity; QOL, Quality of Life; TSLH, triple single-leg hop.

bDifference = injured – uninjured. Matched pairs: n = 51.
cValues for participants with valid days: n = 50, injury group; n = 51, control group; n = 50, matched pairs.
d95% CI does not include the null value of zero.
eIndex leg for injury group and matched leg for control group.

TABLE 4
Associations Between Previous Knee Injury and MVPA and Other Health-Related Outcomes:

Multivariable Linear Regression (n = 51 Matched Pairs)a

Outcome Constant Groupb BMI TWT TSI Age

MVPAc 42.43
(–14.73 to 99.21)

24.14
(–14.35 to 6.07)

0.12
(–1.52 to 1.77)

0.001
(–0.015 to 0.017)

24.83
(–10.95 to 1.29)

0.06
(–2.57 to 2.69)

BMI 18.19
(12.44 to 23.94)

0.62
(–0.63 to 1.87)

0.28
(–0.034 to 0.59)

TSLHd 355.62
(329.63 to 381.61)

238.00
(–60.81 to –15.19)e

213.57
(–23.78 to –3.36)e

OLR 37.43
(15.52 to 59.34)

210.84
(–27.21 to 5.53)

26.34
(–13.71 to 1.03)

aValues represent coefficient (95% CI). BMI, body mass index; MVPA, moderate or vigorous physical activity; OLR, one-leg rise; TSI, time
since injury; TSLH, triple single-leg hop; TWT, total wear time.

bControl group used as reference vs injury.
cMatched pairs, n = 47.
dIndex leg for injury group and matched leg (left or right) for control group.
e95% CI does not include zero.
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group’s KOOS outcomes were similar to norms for young
active individuals.8 If the injury group participants are
experiencing pain and other symptoms, this could have
a negative influence on their PA in the years to come.
The poorer quality of life found in the current study aligns
with a systematic review that found reduced quality of life,
as measured using the KOOS, in individuals .5 years
after ACLR as compared with population norms.20 Poorer
quality of life was associated with revision surgery, menis-
cal injury, and severe osteoarthritis. Future studies are
needed to investigate how these self-reported outcomes
may influence PA behaviors in the coming years.

The current study has a number of strengths. Few stud-
ies have examined objectively measured PA after knee
injury, with none focusing on female youth and young
adults at this critical period of 1 to 2 years after reconstruc-
tion. Accelerometry measures all domains of PA and facil-
itates a more accurate and comprehensive understanding
of PA than does self-reported PA, which is subject to
reporting and recall bias. This study had exceptionally
high accelerometer adherence, with a mean of 15 hours
of daily wear time and with 96.1% of participants providing
.4 days of valid data. Height and weight were objectively
measured to facilitate the most accurate BMI calculation.

There are also some important limitations to consider
when interpreting the results from this study. Our sample
size calculation was based on pilot data from 14 matched
pairs from a similar cohort, although the current study
had larger variability in PA participation. Consequently,
it may have been underpowered to detect a true difference
in MVPA; however, given the novel aspects of the study
design and outcomes, this preliminary study provides
a suitable foundation for future work. Furthermore,
despite best efforts to recruit an unbiased representative
sample of participants, those who chose to participate
may have been higher functioning and more physically
active compared with those who chose not to participate.
However, selection bias was minimized by recruiting par-
ticipants directly from multiple orthopaedic surgeon offi-
ces. The use of wearable devices in this study could have
caused participants to modify their usual PA (Hawthorne
effect), although limitation extends to both groups. Note-
worthy, the device that we used did not provide any infor-
mation about their activities. The lead author (A.M.E.) did
communicate to participants that we were looking to exam-
ine their usual PA participation and that it was not a com-
petition between groups. Measurement bias attributed to
nonblinding of the assessor to the study group (injury or
control) may have occurred during the measurement of
height and weight as well as with the evaluation of physi-
cal function tests. Given the scope and resources available
for this study as part of a doctoral dissertation, it was not
feasible to have blinded assessors. This potential bias was
minimized by using a calibrated medical scale and taking
multiple measurements for physical tests. Some of the
patient-reported health outcomes applied in this study
have not been formerly validated in youth—namely, the
TSK-1149 and OLR.39 However, the KOOS,34 TSLH,31

ACL-RSI,45 and K-SES18 have been extensively used in

this age group. There are many external factors that could
influence PA after ACLR in adolescent female patients.
While this study focused largely on intrapersonal factors,
future work may be done to consider how broader influen-
ces, such as school or work environment or sociocultural
environment (eg, program availability, social norms),
affect individuals with a history of ACLR. Last, the gener-
alizability of study results should be limited to female
youth and young adults after ACLR and not considered
representative of all individuals with previous knee injury.
Importantly, female youth represent a distinctive sub-
group that warrants this unique examination given their
elevated risk of knee injuries21 and osteoarthritis.13

Clinical Implications

The main results of this study are encouraging in that
female youth and young adults who have had ACLR
appear to be attaining MVPA in amounts similar to those
of their peers 1 to 2 years after surgery. However, they
are doing so while reporting significant knee pain and
symptoms, lower function in sports and recreation, and
reduced quality of life and demonstrating lower physical
function than are those who have not had knee injuries.
The discrepancy seen between reported RTS and PA partic-
ipation highlights that clinicians need to expand conversa-
tions with patients beyond RTS to discuss goals, interests,
and future plans for PA, especially for individuals who
express less interest in RTS. Education should include pro-
moting healthy PA to foster long-term joint health.

CONCLUSION

This study did not find a significant difference in MVPA
between female youth and young adults in the 1 to 2 years
after ACLR and their matched uninjured peers. However,
they did have deficits across self-reported health outcomes,
including pain, symptoms, and quality of life as well as
reduced physical function. The current results should be
interpreted with caution, given the small sample size,
and the study should be considered preliminary to inspire
further work in this area. In the future, researchers must
consider examining a broader range of facilitators for and
barriers to PA in female patients after ACLR. PA should
also be examined beyond the 1 to 2 years after reconstruc-
tion in this subgroup, especially given the presence of poor
self-reported health outcomes that have the potential to
negatively affect future PA participation if not specially
addressed and improved.
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EM. Reduced functional performance in the lower extremity pre-

dicted radiographic knee osteoarthritis five years later. Ann Rheum

Dis. 2004;63(4):402-407.

40. Tremblay M, Warburton D, Jansseen I, et al. New Canadian

physical activity guidelines. Appl Physiol Nutr Metab. 2011;36(1):

36-46.

1468 Ezzat et al The American Journal of Sports Medicine



41. Tremblay MS, Carson V, Chaput J-P. Introduction to the Canadian

24-hour movement guidelines for children and youth: an integration

of physical activity, sedentary behaviour, and sleep. Appl Physiol

Nutr Metab. 2016;41:S311-S327.

42. Troiano RP, Berrigan D, Dodd KW, Mâsse LC, Tilert Ti, McDowell M.
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