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Background  
Women’s basketball has a high incidence of anterior cruciate ligament (ACL) injuries, 
many of which occur during change of direction (COD) movements. Evaluating 
movement quality during these maneuvers can provide valuable insight into an athlete’s 
ACL injury risk. 

Purpose  
The primary aim of this study was to assess the reliability of the Cutting Movement 
Assessment Score (CMAS) in female basketball players when utilized by physical 
therapists (PTs) with varying levels of clinical experience and expertise. 

Study Design   
Cross-sectional study 

Methods  
Qualitative movement assessment was conducted using 2-dimensional video recording of 
a 45° change of direction (COD) task of 20 female basketball players and scored using the 
CMAS. Intra-rater and inter-rater reliability were assessed across two experts with ≥8 
years of clinical experience and orthopaedic and sports clinical specializations, and one 
novice rater with <2 years of clinical experience and no board certifications. Intra- and 
inter-rater reliability for total CMAS scores were evaluated using intraclass correlation 
coefficients (ICCs). Agreement for individual CMAS items was assessed using percent 
agreement and kappa coefficients. 

Results  
The CMAS demonstrated excellent intra-rater reliability (ICC = 0.96) and moderate 
inter-rater reliability (ICC = 0.67) for total scores across all three raters. For individual 
CMAS items, intra-rater percentage agreement was excellent (80-100%), and kappa 
coefficients were moderate to excellent (k = 0.59-1.00). Inter-rater percentage agreement 
for individual items was moderate to excellent (60-90%), and kappa coefficients were 
slight to excellent (k = 0.12-0.79). 

Conclusion  
The CMAS can be a reliable tool for evaluating COD movement quality among PTs at 
various levels of clinical experience and expertise, although the identification of 
movement faults may have a relationship with years of clinical experience. The findings 
of this investigation suggest stronger intra-rater reliability than inter-rater reliability. 
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Level of Evidence    
Level 3 

INTRODUCTION 

Up to 75% of anterior cruciate ligament (ACL) injuries occur 
without direct contact with another player (i.e., non-con
tact), predominantly during deceleration and changes of di
rection (COD) with a planted lower limb, characterized by 
an increased knee abduction moment (KAM).1‑3 Females 
have a higher ACL injury rate per athletic exposure com
pared to their male counterparts, with injury incidence rate 
ratios (IRR) reported to be 1.40 to 3.00.4‑7 Female bas
ketball players have been shown to have a higher injury 
rate than their male counterparts, with IRRs reported to be 
as high as 4.14.8 Given this disproportionate incidence of 
ACL injury in female athletes, further investigation is war
ranted. 
Researchers have used 3-dimensional (3D) movement 

analysis combined with force plate technology to identify 
kinetic and kinematic variables associated with ACL in
juries, typically during drop landing or COD move
ments.9‑13 This approach offers a thorough assessment of 
an athlete’s movement quality during sport-specific move
ments, with KAM as a significant predictor of ACL injury 
and a surrogate measure of ACL injury risk.14 However, 3D 
movement analysis and the use of force plates are not fea
sible in a clinical setting or with field-based testing.14 Two-
dimensional (2D) video analysis offers a more practical so
lution to clinical movement assessment. 
Various methods of 2D movement analysis during a COD 

task have been proposed across various populations. Of 
these assessment tools, the CMAS has had more published 
investigations into its validity and reliability.10,11,15‑19 Uti
lizing a nine-item scoring rubric, the CMAS allows a prac
titioner to evaluate an athlete’s movement quality during 
a 45-90° COD maneuver, with a higher score suggesting a 
greater risk of ACL injury.10,11,15 Studies by Jones et al.10 

and Dos’Santos et al.11 have demonstrated criterion-re
lated validity of CMAS scores compared to peak KAM val
ues. 
The reliability of the CMAS has been evaluated in several 

studies. Intra-rater and inter-rater reliability have been re
ported between moderate to excellent for total scores with 
intra-class correlation coefficients (ICC) from 0.70-0.95 and 
0.58-0.91, respectively.11,16‑18,20 Only one study by Apari
cio-Sarmiento et al.19 identified poor inter-rater reliability 
for total CMAS scores (ICC = 0.11-0.45). However, their 
findings may have resulted from insufficient training re
garding the use of the CMAS. Several studies have also in
vestigated the percentage agreement and kappa coefficient 
across individual CMAS items, with most items demon
strating moderate to excellent reliability.10,11,17,18 

Prior investigations of the CMAS’s reliability have pri
marily involved “biomechanists” and strength and condi
tioning staff without specifying their education or profes
sional credentials. Jones et al.18 assessed the reliability of 
the CMAS across a “biomechanist,” strength and condition
ing coach, sprint coach, PT, and a “sports rehabilitator.” 

Credentials were not specified for these practitioners, but 
each had at least five years of experience in their profes
sion, including cutting movement quality assessment. Good 
to excellent inter-rater reliability (k = 0.63-0.84) was ob
served across all practitioners for total scores. These find
ings offer promising considerations for the use of the CMAS 
across disciplines. However, the intra-rater and inter-rater 
reliability of the CMAS among PTs is yet to be investigated. 
PTs commonly assess movement quality in return-to-sport 
and injury-prevention contexts. Further investigation into 
the use of this tool among PTs could support its application 
in clinical practice and increase accessibility to injury risk 
screening. Consequently, further investigation into the use 
of the CMAS among PTs is warranted. 
The level of clinical experience a PT may also influence 

CMAS scoring. Dos’Santos et al.11 compared CMAS scoring 
between three biomechanists with differing levels of expe
rience (7 years, 17 years, and a recent graduate), identify
ing moderate inter-rater reliability (ICC = 0.690). The in
vestigation did not report the raters’ academic degrees or 
credentials. Such an investigation using PTs as raters can 
provide greater insight into the utility of the CMAS across 
clinical experience levels, particularly with the inclusion of 
additional educational training and board certifications. 
The primary aim of this study was to assess the reliabil

ity of the CMAS in female basketball players when utilized 
by PTs with varying levels of clinical experience and exper
tise. The investigators hypothesized that the CMAS would 
yield good to excellent intra-rater and inter-rater reliability 
when used by PTs across varied experience levels. 

METHODS 

STUDY DESIGN 

This study used a quantitative cross-sectional design to 
collect video recordings of subject cutting trials that were 
later screened using the CMAS. The study was approved 
by Rocky Mountain University’s (RMU) Institutional Review 
Board (IRB) and each participating subject’s respective col
legiate IRB. 

PARTICIPANTS 

Female athletes actively participating on a U.S. National 
Collegiate Athletic Association (NCAA) basketball team 
were recruited to participate in this investigation. The in
clusion and exclusion criteria are provided in Table 1. 
Individuals who had experienced previous ACL injury but 

were medically cleared to participate in their sport by a 
multidisciplinary healthcare team were permitted to partic
ipate. Only one subject reported a prior ACL injury and was 
included in this investigation, given that trials were only 
compared within subjects. Convenience sampling was uti
lized from D2 and D3 colleges and universities until ad
equate power was obtained. Divisions 2 and 3 were pur
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Table 1. Inclusion and exclusion criteria for subject participation.        

Inclusion Criteria Exclusion Criteria 

NCAA = National Collegiate Athletic Association 

posefully chosen because of their accessibility to the 
investigators, allowing for efficient data collection. Power 
was calculated a priori using wnarifin.github.io, determin
ing that a minimum of 18 subjects were needed to obtain an 
intra-class correlation coefficient (ICC) of 0.60.21 This ICC 
was chosen to confidently fall within or above ‘moderate’ 
reliability.22 All subjects were made aware of the potential 
risks and benefits of the study, that participation was vol
untary, and the inclusion and exclusion criteria for partici
pation prior to completing IRB-approved informed consent 
documents. 

PROCEDURES 

An in-person informational session was provided to all sub
jects on a separate date prior to testing to review the in
formed consent process and provide testing instructions. 
Athletes were encouraged to maintain their regular diet, 
sleep schedule, and exercise routine for the 24 hours prior 
to testing and were discouraged from participating in ex
ercise before the testing session. They were instructed to 
wear the basketball footwear that they would typically wear 
for practice and/or games, avoid loose-fitting clothing, 
avoid dark clothing, and tuck in their shirts. At testing, 
subjects completed a questionnaire using Qualtrics XM 
(Qualtrics, Provo, UT) using their smart devices to obtain 
demographic information, followed by anthropometric 
measurements collected by an investigator. The collection 
of age, height, and mass for subject descriptive demograph
ics is consistent with previous methodological use of the 
CMAS.11,16,19 

Testing was conducted on each team’s home basketball 
court to replicate the athlete’s natural playing environ
ment. Subjects completed a 5–10-minute self-selected dy
namic warm-up prior to testing and two practice trials in 
each direction and condition (planned and unplanned). The 
testing setup (Figure 1) paralleled what is described by 
Dos’Santos et al.15 and the reactive agility test (RAT) as de
tailed by Henry et al.23 The subjects were instructed to for
ward sprint 5 meters as fast as possible, change direction to 
the left or right after passing through the designated cen
ter gate, and perform a 45° side-step cut to the left or right 
to a separate gate. They were instructed to change direc
tion prior to reaching a tape line located one meter after 
the center gate to promote a side-step cut maneuver at the 
video-recorded area rather than a change of direction oc
curring farther away, which would invalidate the video as
sessment. Participants performed four left and four right 

45° side-step cuts, half of which were planned and half 
unplanned. Zybek Sports Powerdash Athlete Timing gates 
(Westminster, CO) were utilized to determine forward 
sprint time and total time to completion, with this informa
tion being used for research aims not included in this man
uscript. A gate was located 45° to the left and another to the 
right to denote the cutting direction. For planned trials, the 
athletes were given prior knowledge of which direction they 
were to cut. For unplanned trials, after the athlete moved 
through the center gate plane at the COD point, a red light 
appeared at the gate that the athlete was directed to move 
toward. A randomized task order was used to reduce order 
effects or the effects of fatigue, as demonstrated by Need
ham and Herrington.16 

Two-dimensional videos of each COD trial were recorded 
in the frontal and sagittal planes using three Apple iPad 
(Cupertino, CA) devices, all utilizing iOS 17. and recorded 
at 120 frames per second (fps), exceeding the minimum of 
100fps recommended by Dos’Santos et al.15 The iPads were 
placed anterior and lateral to the COD point to record in 
the frontal and sagittal planes on tripods at heights of 50 
inches (Figure 1). An example of the 2D recording of the 
COD task is shown in Figure 2. 

QUALITATIVE ASSESSMENT 

Three PTs served as raters to analyze subject COD move
ment quality, all of whom were licensed PTs and held Doc
tor of Physical Therapy degrees from an accredited insti
tution. Two PTs considered ‘experts,’ both were dual 
board-certified clinical specialists in Orthopaedic and 
Sports Physical Therapy by the American Board of Physical 
Therapy Specialties (ABPTS) and had primary clinical expe
rience in an outpatient orthopaedic and sports setting. Ex
pert 1 held eight years of clinical experience and had com
pleted an orthopaedic residency. Expert 2 held 18 years of 
clinical experience, had completed a sports residency, was 
also Certified Strength and Conditioning Specialist (CSCS), 
a Fellow of the American Academy of Orthopaedic Manual 
Physical Therapists (FAAOMPT). A third reviewer consid
ered the ‘novice’ was an entry-level PT with less than two 
years of general outpatient clinical experience and no clin
ical specialization through the ABPTS. While both Experts 
had clinical experience with movement assessment, includ
ing COD maneuvers, only Expert 1 had prior experience 
with the CMAS, although infrequently, and with no formal 
training in the test. All raters participated in a one-hour 
training session and a 30-minute follow-up session on the 

• Female basketball player 

• Actively participating in an NCAA Division 2 (D2) or Divi

sion 3 (D3) basketball program 

• Age ≥18 years old 

• Participated in at least three games or structured training 

sessions per week during their competitive season 

• The athlete did not intend to participate in college basketball in the current or 

upcoming season 

• Current lower-body injury or lower-body injury within the prior month that 

has resulted in any time loss for practice and/or game participation 
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Figure 1. Test procedure setup    

Figure 2. A two-dimensional static representation of a subject completing a 45° side-step cut             

CMAS led by one of the developers of the CMAS prior to 
completing any video analyses on subject trials. The first 
session focused on reviewing the operational definitions of 
each item, as listed by Dos’Santos et al.15 (Appendix A), 
and walking through a video analysis as a group. All raters 
then independently completed grading for a separate prac
tice trial and then met for the second session to discuss 
scoring justification and revisit the operational definitions 
as needed. 

Stratified random sampling was utilized to select twenty 
subject trials across participating teams, cut directions, and 
planned/unplanned conditions. Each rater reviewed video 
recordings separately using OnForm software (Bellvue, CO). 
OnForm allows reviewers to alter playback speed and draw 
joint angles to assist in reviewing videos, all of which can 
be done on any smart device or computer. Both experts had 
experience utilizing this software, but only for running gait 
analysis, as where the novice had no experience. Review
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ers graded the movement task using the CMAS rubric (Table 
2) and were unaware of the other reviewers’ scores. There 
was no protocol for video review, and each rater was able to 
freely alter playback speed and review each video as many 
times as needed. Subjects receive a score of 0, 1, or 2 based 
on whether the reviewer identified the presence or absence 
of each corresponding itemized movement pattern (Table 
2). Subjects then received a total score of 0-11. Planned and 
unplanned trials were graded together. The lead researcher 
(Expert 1) repeated grading on the same twenty trials in the 
same manner after a 130-day wash-out period to assess in
tra-rater reliability. 

STATISTICAL ANALYSIS 

Intra-rater reliability for Expert 1 and inter-rater reliability 
for all raters were determined by calculating the ICC for to
tal CMAS scoring using Intellectus Software (Palm Harbor, 
FL) and DanielSoper.com (Fullerton, CA). The ICC was in
terpreted using the following guidelines by Koo and Li22: 
poor: <0.50, moderate: 0.50-0.75, good: 0.75-0.90, and ex
cellent: >0.90. As for individual CMAS items, the percent
age of agreement (agreements /agreements + disagree
ments × 100) and kappa coefficients (k) were calculated. 
Percentage agreements were interpreted consistent with 
Dos’Santos et al.11 using the following scale: poor: ≤50%, 
moderate: 51-79%, excellent: ≥80%. Kappa coefficients 
were calculated using the following formula: k = Pr(a) – 

Table 2. Cutting Movement Assessment Score (CMAS) Scoring Rubric      15  

Recommended 
Camera Angle 

Variable Observation Score 

Penultimate Foot Contact 

Side Y / N Y=0/N=1 

Final Contact 

Front Wide, Moderate, 
Narrow 

Wide=2; Moderate=1; 
Narrow=0 

Front 

(at initial contact) 

Y / N Y=1/N=0 

Front 

(at initial contact / early WA) 

Y / N Y=1/N=0 

All angles 

(at initial contact) 

Y / N Y=1/N=0 

Front 

(at initial contact and during WA) 

L/TR, U, M L/TR = 2, U = 1, M = 0 

Side 

(at initial contact and during WA) 

Y / N Y=1/N=0 

Side Y / N Y=1/N=0 

Front 

(during WA) 

Y / N Y=1/N=0 

Side Rearfoot (Heel strike) (RF), Midfoot (MF), forefoot contact 
(FF) 

Note down contact 

Total Score: /11 

Key: PFC: Penultimate foot contact; WA: Weight acceptance; L: Lateral; TR: Trunk rotation; U: Upright; M: Medial; Y: Yes; N: No 

Pr(e) / 1 – Pr(e), where Pr(a) = relative observed agreement 
between raters and Pr(e) = hypothetic probability of chance 
agreement. The kappa coefficient was interpreted according 
to Landis and Koch24: slight: 0.01-0.20, fair: 0.21-0.40, 
moderate: 0.41-0.60, good: 0.61-0.80, and excellent: 
0.81-1.00. 

RESULTS 

A total of twenty female athletes (n=20, age: 19.45 ± 1.19 
yrs; body mass 68.88 ± 13.17 kg; height: 167.95 ± 6.76 cm) 
actively participating on a U.S. National Collegiate Athletic 
Association (NCAA) basketball team were recruited to par
ticipate in this investigation, with four separate teams in
cluded in this study (Table 3, Table 4). All subjects were Tier 
3 participants (Highly Trained/National Level) according to 
the classification framework from McKay et al.25 

Descriptive statistics for each rater’s total scores are pro
vided in Table 5. The total CMAS scores for each subject 
by individual raters are demonstrated in Figure 3. Expert 2 
had the highest mean total score (5.40), whereas the novice 
had the lowest (4.70). Intra-rater reliability was excellent 
for CMAS total scores (ICC = 0.96). 
For intra-rater agreement on individual CMAS items, 

percentage agreement was excellent (80-100%), and kappa 
coefficients were moderate to excellent (k = 0.59-1.00) 
(Table 6). 

1. Clear PFC braking strategy 

2. Lateral leg plant distance (at initial contact / early WA) 

3. Hip in an initially internally rotated position 

4. Initial knee ‘valgus’ position 

5. Foot not in neutral foot position 

6. Frontal/transverse plane trunk position relative to in

tended direction of travel 

7. Trunk upright or leaning back throughout contact 

8. Limited knee flexion during final contact ≤ 30 degrees 

9. Excessive knee ‘valgus’ motion 
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Table 3. Subject Descriptives with Ratio Values      

Variable Mean Standard Deviation Minimum Maximum 

Age (years) 19.45 1.19 18.00 22.00 

Height (cm) 167.95 6.76 158.00 179.00 

Mass (kg) 68.88 13.17 52.90 96.80 

Resistance training experience (years) 7.79 3.74 3.00 18.00 

cm=centimeters; kg=kilograms 

Table 4. Subject Categorical Descriptives    

National Collegiate Athletic Association (NCAA) Division 

II 5 

III 15 

Formal agility, cutting, or change of direction training 

Yes 13 

No 7 

Inter-rater reliability was moderate for CMAS total 
scores across all raters (ICC = 0.67), good between Experts 
1 and 2 (ICC = 0.84), moderate between Expert 2 and the 
novice rater (ICC = 0.49), and good between Expert 1 and 
the novice rater (ICC = 0.84). All percentage agreements 
and kappa coefficients between each pair of raters are pre
sented in Table 6. Percentage agreements were highest be
tween Expert 1 and the novice rater, ranging from moderate 
to excellent (85-90%). However, kappa coefficients were 
highest between Experts 1 and 2, ranging from moderate to 
good (k = 0.47-68). Expert 2 and the novice rater had the 
lowest average percentage agreement (60-90%) and kappa 
coefficients (k = 0.12-0.75), both with the widest ranges. 

DISCUSSION 

The primary purpose of this investigation was to determine 
the intra-rater and inter-rater reliability of the CMAS when 
utilized by PTs at different levels of clinical experience and 
expertise. The CMAS demonstrated excellent intra-rater re
liability for Expert 1(ICC = 0.96) and moderate inter-rater 
reliability across all raters for total scores (ICC = 0.67). A 
comparison of the intra-rater agreement for individual item 

Table 5. Descriptive for total CMAS scores across raters        

Rater M SD 95% CI Min Max Skewness 

Expert 1 
5.05 1.76 4.23-5.87 2 8 0.28 

Expert 2 
5.40 1.96 4.48-6.32 3 9 0.50 

Novice 
4.70 1.95 3.79-5.61 1 8 -0.09 

Expert 1 
after 130 days 

4.90 1.74 4.08-5.72 3 8 0.46 

M = mean; SD = standard deviation; CI = confidence interval 

scoring for Expert 1 showed excellent percentage agree
ment (80-100%) and moderate to excellent kappa coeffi
cients (k = 0.59-1.00). Inter-rater agreement for individual 
items had moderate to excellent percentage agreement 
across all rater comparisons (60-100%), and the majority 
of the kappa coefficients were moderate or better (>0.41). 
These findings differ from the investigator’s hypotheses 
that the CMAS would demonstrate good to excellent inter-
rater and intra-rater reliability, but only in that inter-rater 
reliability was moderate. However, the results parallel pre
vious investigations regarding the reliability of the CMAS 
for raters in different disciplines.10,11,16‑18,20 It should be 
noted that this investigation of CMAS intra-rater reliability 
utilized a much longer washout period of 130 days com
pared to previous studies on the CMAS, which only used 
seven days.11,16 Similar findings over this longer period of 
time further confirm its intra-rater reliability. 
The results of this study offer merit for the clinical utility 

of the CMAS in a rehabilitation setting, as the CMAS can 
serve with moderate to excellent reliability when used by 
PTs, even across different levels of clinical experience and 
expertise. A previous study by Jones et al.18 investigated 
inter-professional reliability across disciplines, including a 
PT, finding good to excellent inter-rater for total score (K 
= 0.63–0.84) and moderate to excellent inter-rater agree
ments for individual items (K = 0.5–1.0). However, this is 
the first investigation of the CMAS’s reliability among PTs 
alone. Minick et al.8 investigated the inter-rater reliability 
of the Functional Movement Screen™ (FMS™) across two 
novice raters (<1 year of experience using the FMS™) and 
two expert raters (developers of the FMS™ with >10 years 
of experience with the tool). They demonstrated excellent 
to substantial agreement between novice and expert raters 
for each item of the FMS using percentage agreement and 
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Figure 3. Cutting Movement Assessment Score by rater and subject         

Table 6. Cutting Movement Assessment Score inter- and intra-rater reliability by individual item            

CMAS 
Item 

Experts 1 and 2 Expert 2 and Novice Expert 1 and Novice 
Expert 1 

Intra-Rater 

% 
Agreement 

k 
% 

Agreement 
k 

% 
Agreement 

k 
% 

Agreement 
k 

1 85 0.68 85 0.68 90 0.79 100 1 

2 75 0.44 80 0.26 75 0.375 100 1.00 

3 80 0.60 70 0.42 80 0.59 95 0.90 

4 80 0.62 90 0.75 70 0.44 100 1.00 

5 75 0.51 75 0.47 80 0.61 80 0.59 

6 75 0.52 70 0.43 85 0.69 95 0.89 

7 75 0.47 60 0.12 85 0.35 90 0.62 

8 85 0.48 90 0.46 85 0.35 95 0.83 

9 80 0.60 75 0.50 85 0.69 100 1.00 

Average 79 0.55 77 0.45 82 0.54 95 0.87 

CMAS = Cutting Movement Assessment Score 

kappa coefficients. Their investigation suggested that, as 
long as individuals completed the standardized training 
protocol, their scoring would be similar. The findings of this 
current investigation offer similar suggestions for the uti
lization of the CMAS. While this study included the ideal 
circumstance of formal training by one of the CMAS devel
opers, this may not be realistic for all practitioners. Alter
natively, the completion of standardized training sessions 
to develop consistency in using the tool by reviewing op
erational definitions of each item and practicing using the 
tool as a group may be a sufficient means of establishing 
an acceptable level of reliability among PTs. The utilization 
of operational definitions from published guidelines, such 
as that of Dos’Santos et al.,15 coupled with collaboration 

among raters would improve the reliable utilization of this 
tool. 
PTs serve as integral members of healthcare teams, with 

key roles in ACL injury mitigation and return-to-sport de
cision-making. However, a review by Burgi et al.26 identi
fied that return-to-sport decisions after ACLR are typically 
made based on a narrow number of variables, often limited 
to time from injury and impairment-based measures (such 
as knee laxity and strength). 2D movement assessment of 
COD is rarely assessed in clinical practice after ACLR de
spite findings that COD is a common movement in multidi
rectional sports and is a prominent mechanism of ACL in
jury.2,26‑31 The CMAS has been deemed a valid assessment 
of movement characteristics associated with ACL injury risk 
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compared to 3D movement analysis.10,11 The integration of 
the CMAS into PT clinical practice would bolster the com
prehensiveness of primary and secondary ACL injury risk 
screening and mitigation in a profession that plays a criti
cal role in ACL injury management. Particularly, assessing 
movement quality as part of a return to sport testing bat
tery after ACL injury and ACLR has been recommended by 
several review publications.26,32‑35 This study suggests that 
the CMAS has moderate to excellent reliability among PTs 
and should be considered a useful means of movement as
sessment in clinical practice. 
While total inter-rater reliability was moderate (ICC = 

0.67), it should be noted that reliability between raters did 
vary. A look at side-by-side rater comparisons showed that 
agreement was highest between Experts 1 and 2 (ICC = 
0.84; excellent), as well as Expert 1 and the novice rater 
(ICC = 0.84; excellent), and lowest between Expert 2 and 
the novice rater (ICC = 0.49; moderate). Expert 2 (mean 
score of 5.40), Expert 1 (mean score of 5.05), and the novice 
rater (mean score of 4.70) held 18 years, 8 years, and one 
year of clinical experience, respectively. While the varied 
levels of clinical experience among the included raters still 
resulted in at least moderate inter-rater reliability, these 
results may suggest a potential relationship between the 
ability to identify movement faults and years of clinical ex
perience. More experienced clinicians may have a higher 
sensitivity for detecting movement faults or hold a different 
perceptual bias than a novice clinician. Some individual 
items with the greatest discrepancies between Expert 2 and 
the novice clinician included Items 3, 6, and 7 – items re
lated to femoral rotation and trunk position. These items 
may be less obvious to visually detect than knee valgus 
or foot position, and a more experienced clinician may be 
more attuned to detecting these movement faults. 
Lastly, this investigation using the CMAS differed from 

previous investigations in that video recording was com
pleted using Apple iPad devices and OnForm movement 
analysis software. These may be more clinically accessible 
to PTs than purchasing additional standalone cameras or 
using software such as Kinovea that is not accessible on 
all operating systems, as utilized in previous studies.10,11,
16 Increased accessibility of equipment and software allows 
for more practical utilization of the CMAS in common PT 
clinical settings. 

LIMITATIONS 

There are limitations to this study that must be acknowl
edged. First, both planned and unplanned movement con
ditions were utilized in this investigation. The differences 
in reliability between these movement conditions were not 
evaluated. Movement mechanics and timed performance 
vary in planned versus unplanned conditions.36‑40 These 
variations may affect rater scoring and, consequently, rater 
reliability. Future research should consider exploring the 
reliability of the CMAS by distinguishing between planned 
and unplanned movement conditions. Another limitation 
of this study is that it only included three raters. Future 
investigations should consider utilizing a greater number 
of raters and implementing reliability across separate sub

ject testing sessions to further confirm the reliability of 
this tool. An additional limitation is that subjects were re
stricted to female collegiate basketball players without any 
existing or recent injuries, as outlined in the exclusion cri
teria. Although subjects were drawn from multiple teams 
across two different divisions, the applicability of the 
study’s findings to other populations may be limited. 
Physical therapists play a significant role in post-injury 

return-to-sport decision-making, especially after ACLR. 
Future studies should examine the use of the CMAS by 
physical therapists in various athletic populations, partic
ularly focused on post-injury and post-operative assess
ments. Particularly, the investigation of this tool in these 
post-injury and post-operative subjects would offer further 
applicability in circumstances where clinicians are most 
likely to apply the use of the CMAS. 

CONCLUSIONS 

The results of this study demonstrated that the CMAS holds 
excellent intra-rater and moderate inter-rater reliability for 
total scores when utilized by PTs at different levels of clin
ical experience and expertise. Percentage agreement for in
dividual items between raters was moderate to excellent, 
and kappa coefficients were slight to excellent. While these 
findings suggest that the CMAS can be used effectively and 
reliably by PTs with various levels of clinical experience and 
expertise, there are some indications that there is a poten
tial relationship between the ability to identify movement 
faults and years of clinical experience. Standardized train
ing on the use of the CMAS to discuss operational defi
nitions and compare scoring is advised to minimize vari
ability in scoring. The findings of this investigation support 
the utilization of the CMAS into routine movement assess
ments to identify at-risk athletes and guide targeted move
ment retraining. 
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