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The US Department of Health and Human Services 
(USDHHS) physical activity (PA) recommendations were 
updated in 201845,57 to help children and adults clearly 

understand the frequency, intensity, time, and type of activities 
(ie, FITT principle) in which they should participate to mitigate 
the risk of morbidities (ie, coronary artery disease, type 2 
diabetes, and certain types of cancer) and premature mortality 
(Table 1).46 It is estimated that only 27.1% of high school–aged 
individuals29 and 24.3% of adults24 meet current USDHHS 
guidelines for aerobic PA.14,20 The risk of reduced participation 

in PA is exacerbated in individuals with musculoskeletal injury 
such as anterior cruciate ligament (ACL) injury and subsequent 
surgery.9,26,39 Despite reporting successful return to some level 
of sport, individuals with ACL reconstruction (ACLR) are  
2.36 times less likely to meet USDHHS recommendations for 
weekly aerobic PA when compared with healthy individuals  
of similar age and patient-reported activity levels.34 If  
patients are unable to reengage in sufficient PA to meet 
recommendations, they may be at elevated risk for developing 
chronic, noncommunicable diseases later in life.
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Currently, sports medicine researchers and clinicians utilize 
return to sport (RTS) as a primary outcome of interest when 
working with patients who have undergone ACLR4,5,61 because 
many individuals undergoing ACLR describe successful recovery 
as a full RTS after surgery.61 RTS is a valuable indicator of 
clinical success, as it considers the physical, psychological, and 
social well-being of a patient as well as a patient’s motivation to 
make a return to preinjury patterns of PA participation.6,61 
Consequently, approximately 81% of individuals return to any 
level of sport, 65% of individuals return to preinjury level of 
sport, and only 55% of individuals return to competitive levels 
of sport.5 While RTS is helpful when assessing clinical success 
and achievement of patient goals, it is limited in its ability to 
assess (1) the frequency, time, and intensity of PA; (2) whether 
patients with ACLR meet PA recommendations; and (3) if 
patients opted out of sport due to life transitions or lack of 
access to organized sport.

Historically, patient-reported PA assessments have dominated 
the sports medicine literature due to the ease of implementation 
in clinical and research settings.36,51 However, technological 
advances and commercial availability of wearable technology 
have made the incorporation of device-based assessments (ie, 
pedometers and smart watches) into the evaluation of PA 
outcomes increasingly feasible.8,9,32,34 Sports medicine clinicians 
are uniquely positioned to guide PA assessment and promotion 
for patients during rehabilitation due to their education in 
exercise science principles and consistent contact with patients 
throughout recovery. Therefore, the purposes of this review are 
(1) to appraise common PA measurement approaches, including 
patient-reported outcomes and device-based methodologies 
after ACLR and (2) to provide clinical recommendations for PA 
evaluation.

EvidEncE Acquisition

Reports of patient-reported or device-based PA in patients with 
ACL injury were acquired and summarized based on a PubMed 
search ( January 2000 to July 2020). Search terms included 
physical activity OR activity AND anterior cruciate ligament OR 
ACL. Based on the review of included studies, measurement 
properties and technical details for specific approaches to 
measurement or outcome measures were summarized by 
reviewing the reference lists from the included papers and 
follow-up literature search by the authors.

PAtiEnt-REPoRtEd PhysicAl Activity

There are several patient-reported outcome measures that have 
been used to assess PA characteristics among individuals with 
ACLR.15 These outcomes are selected for several reasons including 
surveillance of PA participation and reengagement in sport after 
surgery as well as assessment of the effectiveness or efficacy of 
surgical or rehabilitation interventions among this patient 
population. This section will highlight 2 outcome measures 
commonly utilized in the orthopaedic literature, the Tegner 
Activity Scale (TAS) and the Marx Activity Rating Scale (MARS),15 
and the International Physical Activity Questionnaire (IPAQ), 
which is commonly utilized in the PA surveillance literature.

Tegner Activity Scale

The TAS is an easy to administer 2-item patient-reported 
outcome measure that has been validated in healthy and knee-
injured individuals (eg, acute patellar dislocations, meniscal 
injury, ACLR).12 The survey asks patients to characterize their 
preinjury and current peak level of PA participation ranging 
from sick leave or disability (level 0) to competitive sports such 

Table 1. Definitions and examples of the components of the FITT (frequency, intensity, time, type) principle for physical activity 
characterization

Definitions Examples

Frequency The number of times a patient completes a specific activity during a fixed period Steps per day
Sessions per day
Days per week
Days per month

Intensity The physiologic demand during a period of activity Light (<3 METS)
Moderate (3 to <6 METS)
Vigorous (≥6 METS)

Time The duration of activity in which a patient is participating Minutes
Minutes per day
Minutes per week

Type The category or classification of activity in which a patient is participating Jogging
Weight training
Participation in sport

METS, metabolic equivalents.
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as national elite soccer, football, or rugby (level 10).12 However, 
the TAS does not assess the frequency or time of PA at either 
time point (Table 2). While the purpose of the TAS is not to 
replace more comprehensive PA assessments, it has been widely 
adopted in the sports medicine literature as an indicator of 
whether or not patients with ACL injury are physically active.15 
For example, a patient may respond that he or she has 
participated in national elite soccer; but based on the structure of 
the TAS, the frequency, duration, and intensity of their soccer 
participation are not assessed. In addition to this limitation, it is 
important to note that previous attempts to establish construct 
validity of this scale were limited to comparison with patient-
reported measures of knee function (eg, Lysholm score) or 
quality of life (eg, the 36- or 12-Item Short Form Health Survey) 
instead of device-assessed or directly observed PA, which is a 
more typical approach for validation of patient-reported measures 
of PA.12 In 2 recent studies of individuals with ACLR, TAS was 
weakly to moderately correlated with weekly minutes of 
moderate-to-vigorous PA (MVPA) (r = −0.02 and rho [ρ] = 0.31) or 
average daily step count (r = 0.36).9,34 The TAS is an indicator of 
peak activity type and competition level, not a broader indicator 

of PA, and it should be utilized as such to maximize its benefit as 
a component of a comprehensive PA assessment.

Marx Activity Scale

The MARS is a valid37 and reliable15 4-item patient-reported 
outcome measure that asks patients to categorize their 
frequency of participation in running, cutting, deceleration, and 
pivoting over the course of the prior month (Table 2).37 Patients 
can select from 5 frequency categories ranging from less than 1 
time in a month (0 points) to 4 or more times in a week (4 
points), which allows for a maximum score of 16.37 Overall, the 
MARS is a clinically feasible assessment that can identify the 
frequency of sport-related behaviors; however, limitations in the 
MARS should be considered when describing patients as 
physically active or not based on their MARS score. Importantly, 
several authors have reported strong convergent validity with 
the TAS and the Cincinnati Knee Scale, but criterion validity has 
not been established relative to device-based assessments, direct 
activity observation, or indirect calorimetry as recommended in 
the PA literature.50 Among individuals with ACLR, the MARS 
demonstrates a moderate relationship with the TAS (r = 0.66),37 

Table 2. Comparison of commonly utilized device-based and patient-reported assessments relative to the components of the FITT 
(frequency, intensity, time type) principle of physical activity measurement

Frequency Intensity Time Type

Device-Based Assessments

 Pedometer Device 
dependent

Device 
dependent

Device 
dependent

No

 Commercially available accelerometer Device 
dependent

Device 
dependent

Device 
dependent

No

 Research-grade accelerometer Yes Yes Yes Noa

Patient-reported outcomes

 Return to sport No No No Yes

 Tegner Activity Score No No No Yes

 Marx Activity Rating Scale Yes No No Yes

 IPAQ long or short form Yes Yes Yes Nob

 Godin Leisure-Time Physical Activity Questionnaire Yes Yes No No

UCLA Activity Score No No No Yes

PAQ-C and PAQ-A Yes Yes No Yes

HSS Pedi-FABS Yes No No Yes

HSS Pedi-FABS, Hospital for Special Surgery Pediatric Functional Activity Brief Scale; IPAQ, International Physical Activity Questionnaires; PAQ-A, Physical 
Activity Questionnaire for Adolescents; PAQ-C, Physical Activity Questionnaire for Children; UCLA, University of California Los Angeles.
aWith advanced data processing techniques, such as machine learning models, activity type could be detected by individuals with proper expertise.
bOne item on the IPAQ measures time and frequency spent in walking throughout the week but does not assess other types of activities.
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but a poor relationship (ρ = 0.15) with MVPA assessed using 
triaxial accelerometry.32 Based on these findings, it appears that 
the MARS may be effective for identifying the frequency of 
participation in sport-specific activity types but not in 
characterizing activity intensity or time. For example, individuals 
who are recreationally active, jog, and strength train 3 times per 
week to meet aerobic PA guidelines may only achieve 3 of 16 
total points on the MARS. Conversely, someone who plays in a 
single recreational soccer match with no other source of MVPA 
throughout the week would report a total score of 16 out of 16 
regardless of the duration or intensity of his or her soccer 
match.17 Similarly, if patients choose not to RTS due to lack of 
access to organized sports or natural life changes (eg, 
graduating from school), utilizing the TAS or MARS may 
underestimate an their PA and do not provide an opportunity 
for the patient to explain their underlying rationale.

International Physical Activity Questionnaire

The IPAQ Short Form (IPAQ-SF) is a 9-item questionnaire 
assessing the amount of time spent in vigorous activity, 
moderate activity, walking, and sitting over the course of 1 
week (Table 2).35 The IPAQ demonstrates good test-retest 
reliability in adults58 and poor to moderate reliability in 
adolescents, which is understandable as the IPAQ-SF was not 
developed for use with adolescent or pediatric populations.47 
Because the IPAQ-SF is self-reported, it is subject to recall bias 
and often overestimates activity (metabolic equivalents (MET)–
min/wk) by 36% to 173% when compared with 
accelerometers.35 Consistent with these findings, the IPAQ-SF 
has demonstrated negligible to weak relationships with total PA 
assessed via triaxial accelerometers and moderate relationships 
when assessing the distance (ρ = 0.16) and duration of walking  
(ρ = 0.08-0.57).35 Recent studies9,34 have included the IPAQ-SF to 
help better define the frequency, time, and intensity of activity 
in individuals with ACLR because, unlike the TAS and MARS, it 
can also be used to determine if individuals are meeting the 
recommended national PA guidelines.27,45,52 The IPAQ-SF is a 
promising self-reported measure of PA because it quantifies at 
least 3 of the 4 FITT components and can be considered to 
assess all 4 components if a clinician is primarily interested in a 
patient’s volume or frequency of walking for exercise; however, 
the limitations in self-reported outcome measures should be 
acknowledged, especially when applied to pediatric patients.

Other Patient-Reported Physical 
Activity Measures

In addition to the patient-reported PA measures described in this 
section, the Godin Leisure Time Exercise Questionnaire 
(Godin)11,33,41,53 and the University of California Los Angeles 
(UCLA) Activity Score16 have also been used to describe activity 
patterns among individuals with ACLR in a limited number of 
studies. The Godin is a 3-item survey23 that asks patients to 
describe the weekly frequency of bouts of at least 15 minutes of 
mild, moderate, and strenuous exercise (Table 2). It has been 
validated in an number of populations with chronic and acute 
disease; however, it has not been validated specifically for use in 

patients with ACLR or, more broadly, acute knee injury; and 
therefore, it should be used with caution when assessing PA in 
patients with ACLR.3,40 Alternatively, the UCLA Activity Score asks 
patients to rate their current activity level from 1 (ie, wholly 
inactive, dependent on others, and cannot leave residence) to 10 
(ie, regularly participates in impact sports). The UCLA Activity 
Score was originally validated to describe activity limitations in 
older patients with joint arthroplasty28,60,63 and has since been 
used for the same assessment in patients older than 55 years who 
have had ACLR.16 Therefore, this outcome may be limited in its 
ability to capture characteristics on PA among younger individuals 
with ACLR in a manner consistent with the FITT principle.

Considerations for Pediatric 
and Adolescent Patients

Adolescents and children tend to participate in MVPA in a less 
organized and intentional manner compared with adults,7 which 
results in overestimation of vigorous activities and 
underestimation of moderate activities assessed via indirect 
calorimetry and device-assessed PA.7 Therefore, the 
appropriateness of a given patient-reported PA outcome 
measure can vary based on the age of the patient.64 To address 
this concern, the Hospital for Special Surgery Pediatric 
Functional Activity Brief Scale (HSS Pedi-FABS) has been 
recently adapted from the MARS with the goal of better meeting 
the needs of pediatric patients.18,19 Accordingly, the Pedi-FABS 
has been validated in a similar manner to the MARS, which, 
while providing confidence as a measure of activity frequency, 
has significant limitations as a surrogate measure of PA (Table 
2).59 Alternatively, the Physical Activity Questionnaires for 
Children (PAQ-C) or Adolescents (PAQ-A) may provide feasible 
options that allow for the assessment of activity frequency, 
intensity, and type in a valid, responsive, and reliable manner.62 
These surveys include more items but compartmentalize activity 
questions so that adolescents and children can report activity at 
specific times rather than across the entire day. However, the 
PAQ-C and PAQ-A do not provide estimates of time spent in 
discrete PA intensities, which limits the ability to categorize 
individuals relative to current PA guidelines. Regardless, 
clinicians working with pediatric populations should consider 
incorporating age-appropriate questionnaires to assess PA in a 
manner that is consistent with the FITT principle.

dEvicE-AssEssEd PhysicAl Activity

Pedometers, triaxial accelerometers, and commercially available 
devices such as Fitbit Inc. monitors have been used to evaluate 
PA in individuals with lower extremity injury.8,9,26,32,34 These 
monitor types have been used and validated across age groups 
and assessment settings.21,25,31,43,49,54 These devices provide 
detailed information regarding PA while eliminating the 
influence of recall error and bias.13,48 In this section, we have 
highlighted several common device-based PA assessment tools.

Research Grade Pedometers

Pedometers provide information about frequency of PA in the 
form of step counts, commonly reported as steps per day  
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(Table 1). Baez et al8 utilized the Digi-Walker SW-200 
pedometer worn at the hip for 7 days in patients with history of 
ACLR. These individuals took an average of 8657 ± 2467 steps 
per day, with step counts of individuals who reported that they 
had returned to sport (7754 ± 2399 steps/day) being similar to 
those individuals who had not returned to sport (9198 ± 2385 
steps/day).8 However, there are limitations to the use of 
pedometers that should be considered prior to their integration 
into practice. First, most pedometers do not describe the type, 
intensity, or duration of PA engagement, which significantly 
limits the interpretative data obtained from these devices. 
Additionally, pedometers tend to underestimate step count, 
especially at slow walking speeds (<2 mph)44 and may not 
agree with step count data obtained from research grade or 
commercially available accelerometers (eg, Fitbit devices), 
which are increasingly common in the realm of PA assessment.56 
Despite these potential challenges, pedometers may provide a 
reliable and inexpensive alternative to patient-reported 
assessments of PA that allow for real-time capture of PA under 
free-living conditions. Pedometers provide an inexpensive and 
practical means of assessing PA that does not require extensive 
expertise in data processing techniques, but limitations in the 
data obtained should be acknowledged.

Research-Grade Triaxial Accelerometers

Research-grade triaxial accelerometers (eg, ActiGraph Link, 
ActiGraph wGT3X-BT, activPAL) are valid10 and reliable1,38,43 
tools that provide an assessment of free-living PA frequency, 
intensity, and time; however, these devices are costly and 
require technical expertise for effective implementation. 
Research-grade triaxial accelerometers assess PA by capturing 
the magnitude and frequency of accelerations about 3 axes of 
motion.2,30,42,49 Activity counts reflect intensity of the movement 
via the vertical axis or the vector magnitude of acceleration data 
derived from all 3 axes of the triaxial accelerometer, and the 
rate of activity counts (ie, counts per minute) can be used to 
assess the intensities of activities captured while wearing the 
accelerometer. Triaxial accelerometers also provide information 
about frequency or volume of PA in the form of step counts and 
the duration of PA commonly reported in minutes per day. 
Application of triaxial accelerometer–assessed PA has been 
limited in the ACLR population but in the largest study to date, 
researchers utilized ActiGraph wGT3X-BT triaxial 
accelerometers to monitor the time and intensity of PA in a 
young, active group of individuals with and without history of 
ACLR.9 In this study, individuals with ACLR spent less time in 
MVPA (ACLR = 79.37 ± 23.95 min/d; control = 93.12 ± 23.94 
min/d; P < 0.02) than those without history of ACLR.9 Bell et al9 
also reported that individuals 6 to 60 months post-ACLR took 
1611 fewer steps per day as compared with healthy matched 
control subjects. However, these evaluations are not necessarily 
exhaustive, as the type of PA may not be captured without 
patient self-report of activity type. Research-grade triaxial 
accelerometers may provide a better understanding of PA 
behavior and characteristics after ACLR, but these devices 

should be used in conjunction with patient-reported PA to 
provide a more comprehensive evaluation that reflects all 
components of the FITT principle.

Commercially Available Accelerometers

Commercially available devices are user-friendly and do not 
require expertise to implement and interpret the PA outcomes. 
Smart watches, such as Fitbit devices or the Apple Watch, provide 
information about the frequency of PA in the form of step counts, 
which can be tracked in real-time. These devices serve as a more 
clinically feasible alternative for PA assessment since patients may 
already own these devices. Depending on the model, these 
devices may also provide information about the intensity of 
activity in the form of active minutes, METS, or real-time heart 
rate data. A recent systematic review of commercially available PA 
monitors found that Apple Inc and Samsung Inc devices 
demonstrated the best validity for step counts when compared 
with other devices (45.2% of included devices were within ±3% 
measurement error), but no single device consistently 
demonstrated acceptable measurement error for energy 
expenditure (only 9.2% of devices included were within ±3% 
measurement error).22 Duration (active and sedentary minutes) 
and type (ie, sport, running, walking, cycling) of activity can be 
derived from these devices as movement identification algorithms 
continue to improve. However, the proprietary algorithms 
implemented to define PA intensities or types remain largely 
unavailable for public use, which may be a limitation to data 
interpretation. While application of commercially available 
devices for PA assessment has been limited in the ACLR 
population, these monitors and smartwatches may provide a 
more clinically feasible alternative for monitoring and evaluating 
PA behavior, especially within the same patient over time.

Considerations for Pediatric 
and Adolescent Patients

It is essential to collect device-based PA using best practices and 
to compare findings with age-appropriate guidelines for PA 
(Table 3). Cut points for determining activity intensity based on 
activity counts derived from research-grade accelerometers are 
different for children and adolescents when compared with 
adults.55 Accordingly, age-specific recommendations should be 
followed if research-grade accelerometers are integrated into 
clinical or research assessment of PA in pediatric or adolescent 
populations. Last, smart watches often cannot be worn during 
organized sports, which may lead to a misrepresentation of true 
PA engagement since organized sport is the primary source of 
PA for many children and adolescents. This is further 
complicated by the fact that some devices are not waterproof, 
which can prevent assessment of PA during water-based 
activities such as swimming or water polo.

clinicAl AssEssmEnt 
REcommEndAtions

RTS and the meeting of PA guidelines are important goals for 
individuals after ACLR, but these outcomes are not 
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interchangeable. Health care providers should develop a plan to 
help patients reengage with PA after ACLR that takes into 
account whether or not a patient is planning to RTS.61 
Ultimately, a combination of patient-reported outcomes and 
device-based activity assessment are likely the best approach 
that mirror the FITT principle and can evolve over the clinical 
course for a given patient. Patient-reported outcomes are the 
most clinician-friendly assessments due to the ease of 
administration and processing. The TAS and MARS are helpful 
for patients with goals of returning to sport and can quickly 
establish the level of sport and frequency of sport-related 
activities. However, these assessments should not be used to 
assess duration and intensity of PA. Instead, clinicians should 
consider incorporating instruments like the IPAQ-SF to allow for 
comparison with established PA guidelines, particularly for 
adults without goals of RTS. Furthermore, pedometers and 
consumer-grade technology allow for feasible and accessible PA 
assessment. Clinicians should consider integrating PA tracking to 
enhance monitoring of patient progress and promote patient-
oriented goal setting. Clinicians can provide patients with cost-
effective device-based assessment tools (eg, pedometers) or 
have patients utilize personal accelerometers (eg, Fitbit or smart 
phones). Typically, consumer-grade monitors can track 
frequency of steps and are increasingly capable of assessing PA 
intensity and duration. Ultimately, device-based assessment and 
validated patient-report can be complementary in providing a 
comprehensive description of PA in this patient population. 
Clinicians should also be aware that the USDHHS also provides 
PA recommendations for muscle and bone strengthening (Table 
3). The current literature is limited in its assessment of meeting 
these guidelines after ACLR despite the strong evidence of 
muscle strength loss and development of poor knee joint health 

in this population. Muscle and bone strengthening 
recommendations should be incorporated into return to PA 
plans by clinicians.

conclusion

Many individuals do not return to preinjury level of sport or 
meet PA guidelines after ACL injury and ACLR. Measuring RTS 
serves as a starting point for activity measurement after ACLR. A 
comprehensive activity measurement strategy that includes all 
FITT components should be incorporated into clinical practice 
when possible. Patient-reported outcomes and device-based 
assessments are only weakly or moderately correlated because 
they measure different FITT components indicating that they are 
best used together.
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