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Background 
Three-dimensional (3D) motion analysis is considered the gold standard for evaluating 
human movement. However, its clinical utility is limited due to cost, operating expertise, 
and lengthy data processing time. Numerous qualitative scoring systems have been 
introduced to assess trunk and lower extremity biomechanics during functional tasks. 
However, the reliability of qualitative scoring systems to evaluate cutting movements is 
understudied. Purpose/Hypotheses: To assess the inter-rater and intra-rater reliability of 
the Cutting Alignment Scoring Tool (CAST) among sports medicine providers and to 
evaluate rater agreement of each component of the CAST. The hypotheses were: 1) there 
would be good–to-excellent inter-rater and intra-rater reliability among sports medicine 
providers, 2) there would be good to almost perfect agreement for cut width and trunk 
lean variables and moderate to good agreement for valgus variables of the CAST. 

Study Design 
Repeated Measures 

Methods 
Ten videos of a 45-degree side-step cut performed by adolescent athletes were 
independently rated on two occasions by six raters (2 medical doctors, 2 physical 
therapists, and 2 athletic trainers). The variables assessed include trunk lean to the 
opposite direction of the cut, increased cut width, knee valgus at initial load acceptance 
(static), and knee valgus throughout the task (dynamic). Variables were scored as either 
present, which were given a score of “1”, or not present, which were given a score of “0”. 
Video sequence was randomized in each rating session, and a two-week wash out period 
was given. 

Results 
The cumulative inter-rater and intra-rater reliabilities were good (ICC: 0.808 and ICC: 
0.753). Almost perfect kappa coefficients were recorded for cut width (k=0.949). Moderate 
kappa coefficients were found for trunk lean (k= 0.632) and fair kappa coefficients were 
noted for dynamic and static valgus (k=0.462 and k= 0.533 respectively). 

Conclusion 
These findings suggest that the CAST is a reliable tool to evaluate trunk and LE alignment 
during a cutting task by sports medicine providers. 
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Level of Evidence 
Level 2 Diagnosis 

INTRODUCTION 

Anterior cruciate ligament (ACL) tears are one of the most 
common injuries reported in the United States with 250,000 
cases reported annually.1 Over the last two decades there 
has been a rise in ACL injuries in the pediatric and ado-
lescent population, many occurring during sports participa-
tion.2 The mechanism of an ACL injury is commonly classi-
fied as contact or non-contact in nature, with the majority 
of injuries in skeletally immature athletes occurring via a 
non-contact mechanism.1–4 ACL injury risk in young ath-
letes appears to increase sharply during the growth spurt 
(12-14 years of age for girls and 14-16 years of age for boys) 
and peaks shortly after in adolescence.5 A side-step cutting 
(change of direction) maneuver performed during sport has 
been associated with a large proportion of non-contact ACL 
injuries.4,6–9 Cutting maneuvers have been analyzed to bet-
ter understand the mechanism of an ACL tear. Increased 
knee valgus loads, elevated knee abduction moments, ab-
normal trunk lateral flexion angles, decreased knee flexion 
angles, and increased lateral foot plant have been identified 
as predictors of ACL injury during a cutting task.9–12 In a 
cross-sectional study of Division 1 Norwegian female hand-
ball players, increased cut width, abnormal knee valgus, and 
toe landing pattern were identified as the strongest predic-
tors of knee abduction moments.11 In addition, larger me-
dial to lateral distances between the center of mass and cen-
ter of pressure has been shown to be associated with higher 
internal knee adduction moments.13 The aforementioned 
risk factors were identified with three-dimensional (3-D) 
motion capture, which is currently considered the gold 
standard for evaluating human movements.9,14,15 However, 
equipment cost, operational complexity, and time-consum-
ing data processing requirements make its clinical use im-
practical. Given the limited availability of 3-D motion cap-
ture, two-dimensional (2-D) video analysis has been 
identified as a clinically relevant alternative. Frontal plane 
knee valgus angles, measured during a side-step cut and 
side jump maneuver, were found to have a moderate posi-
tive correlation (R2= 0.60) with hip internal rotation angles 
derived from 3-D analysis.16 Additionally, numerous quali-
tative scoring systems, based on 2-D videos, have been de-
veloped and reported as reliable and valid methods to as-
sess trunk and lower extremity biomechanics during squat 
and landing tasks.14–18 The Qualitative Analysis of Single 
Leg Loading (QASLS), was found to have excellent reliability 
and validity when compared to 3-D motion captured kine-
matics during single-leg squatting and landing.14 Similarly, 
good to excellent reliability was reported for the tuck jump 
assessment, a repetitive plyometric jump maneuver.17 The 
Landing Error Scoring System (LESS) has also been shown 
to be a reliable and valid tool for identifying high-risk 
movement patterns during a jump-landing manuever.18 

Despite the high percentage of non-contact ACL injuries 
that occur during cutting tasks, qualitative evaluation tools 
of cutting movement with 2-D video are substantially lim-
ited. Recently, the Cutting Movement Assessment Score 

(CMAS), a qualitative scoring system, to evaluate a 90-de-
gree cutting maneuver, was introduced.19 The CMAS was 
found to be a reliable and valid tool to assess risky move-
ment patterns during a cutting task in college-aged ath-
letes.19 Additionally, Weir et al assessed the reliability and 
validity of a 2D video- based screening tool to predict peak 
knee moments during an unplanned 45-degree side-step 
cut in a group of junior (age = 15.1 ± 1.2 years) and senior 
(age = 22.1 ± 2.3 years) elite female field hockey players.15 

In contrast to the CMAS, the screening tool presented by 
Weir et al involved 2D kinematic measurement of frontal 
and sagittal plane variables using video analysis software 
and reported poor to excellent intra-rater and inter-rater 
reliability.15 For both levels of athlete, peak trunk lateral 
flexion, peak hip abduction, knee flexion angle, and trunk 
flexion ROM were significant predictors of peak knee valgus 
moments.15 However, junior and senior athletes demon-
strated different movement mechanics.15 Juniors demon-
strated higher dynamic knee valgus and wider foot plant, 
while seniors showed higher peak trunk lateral flexion, peak 
hip abduction and knee flexion ROM.15 These results sug-
gest that pre-adolescent and adolescent athletes may pre-
sent with different risk profiles during cutting maneuvers 
than older athletes and thus may benefit from age specific 
screening tools. To the authors’ knowledge, there have been 
no studies that assessed a cutting maneuver performed by 
pre-adolescent and adolescent athletes using a qualitative 
scoring system. Given the sharp increase in ACL injury risk 
in children ages 12-15, there is a need for available screen-
ing tools to identify risky movement patterns in this age 
group.5 Additionally, no qualitative assessment tool for 
evaluating a 45-degree cutting movement was found. Bio-
mechanical demands during cutting and change of direc-
tion maneuvers have previously been described as being an-
gle dependent, with differences in knee joint loading and 
technique found between 90 degree and 45 degree cut direc-
tions.20,21 Furthermore, when implementing cutting tech-
nique modification training, clinicians and coaches need 
to be cognizant of the potential impact on performance. 
Sagittal plane mechanics have been found to predict per-
formance of the 45-degree cut task, while frontal plane me-
chanics predicted performance of the 90-degree cut task.21 

Given that frontal plane variables are most predictive of 
high knee abduction moments, technique training during a 
90-degree cutting task that aims to address frontal plane 
variables may have the potential to negatively impact cut-
ting performance.22 This may have implications for injury 
risk screening and targeted movement pattern correction 
as coaching staff may be less likely to adopt screening and 
training interventions that may negatively influence perfor-
mance. Having identified a gap in qualitative scoring analy-
sis for pre-adolescent and adolescent athletes, the authors 
of this study developed a qualitative scoring system, the 
Cutting Alignment Scoring Tool (CAST), to evaluate LE 
alignment and trunk movement during a 45-degree side-
step cut. The central purpose of this study was to examine 
the reliability of the CAST among various sports medicine 
providers including medical doctors, physical therapists, 
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and athletic trainers. This study consisted of two aims: 1) to 
assess the inter-rater and intra-rater reliability of the CAST 
among sports medicine providers, and 2) to evaluate rater 
agreement of each component of the CAST. The hypothe-
ses were: 1) there would be good–to-excellent inter-rater 
and intra-rater reliability among sports medicine providers, 
2) there would be good to almost perfect agreement for cut 
width and trunk lean variables and moderate to good agree-
ment for valgus variables of the CAST. 

METHODS 
STUDY DESIGN 

A repeated measures study design was used. To achieve the 
primary aim of the study, inter-rater and intra-rater reli-
ability were calculated based on the 1st and 2nd reliability 
sessions. The study protocol was developed based on the 
Declaration of Helsinki and ethical standards in sport and 
exercise science research.23 Institutional Review Board ap-
proval was obtained prior to commencement of the study. 

PARTICIPANTS 

A total of 8 adolescent athletes (5 males, 3 females, 
age=14.7  1.2 years, height=165.6  8.4cm, mass = 62.6 
3.3kg) were recruited from local high school and club sport 
teams. Inclusion criteria were: 1) age between 12 and 17 
years and 2) active participation in sports requiring cutting 
and pivoting in the last 12 months. The following exclusion 
criteria were used: 1) LE injury within 6 months, 2) past his-
tory of LE surgery, 3) a positive response on the Physical Ac-
tivity Readiness Questionnaire for Everyone (PAR-Q+), and 
4) history of scoliosis. The PAR-Q+ was used to determine 
the participant’s readiness and safety for physical activity. 
A positive response of the PAR-Q indicates the need to seek 
further advice from a physician prior to engaging in physi-
cal activity.24 All participants provided written informed as-
cent, and their parents or legal guardian provided signed 
consent. Data collection was performed in a Sports Medi-
cine laboratory at a local University. 

DATA COLLECTION 

Prior to performing the 45-degree side-step cut task, a 
5-minute warm up on a cycle ergometer (Star Trac Inc, 
Irvine, CA) was performed. Participants practiced the side-
step cutting maneuver 3 times in each direction or until 
they felt comfortable with the procedure. They were in-
structed to sprint at 80% of their maximum speed in a for-
ward direction toward the “opponent cone”, to plant, and 
perform the side-step cut maneuver. (Figure 1). 

This procedure was modeled by a testing protocol de-
scribed by McLean et al.16 Specifically, participants decel-
erated, planted on the right foot, and performed a side-
step cut, running in the left direction between cones placed 
along a 45-degree line of progression. The procedure was 
repeated planting on the left foot and running to the right 
direction (Figure 1). Participants then completed three tri-
als planting on the right LE and three trials planting on the 
left LE, with a trial considered “good” if the subject’s foot 
landed within the stance/pivot area necessary for success-

Figure 1: 45-degree side step cut task 

ful completion of the task. The testing order was standard-
ized for all participants for ease of set up. Video data were 
collected with an iPad (iOS 12.4.1) with a frame rate of 30 
frames per second. The iPad was mounted on a tripod and 
placed at a distance of 3.7 m in front of the force plates at a 
height of 0.86 – 0.96m. Participants performed a total of 6 
cutting maneuvers. All videos were processed and slowed by 
50% for visual analysis. All participants’ faces were blurred 
using Adobe Premiere Pro. 

A clinically established checklist, CAST, was developed 
to examine the quality of trunk and LE movement during 
the cutting maneuver based on 2-D video. The checklist was 
devised based on previously reported movement screening 
systems.14,25,26 It involves a dichotomous rating system, 
with scoring defined as “1” when a movement fault was pre-
sent and “0” when optimal movement patterns were ob-
served. Variables evaluated in the CAST include; trunk lean 
to the opposite direction of the cut, increased cut width, 
knee valgus at initial load acceptance (Static Evaluation), 
and knee valgus throughout the cutting task (Dynamic 
Evaluation). The CAST checklist is shown in Table 1. 

RATERS 

The primary goal in choosing raters was to evaluate inter- 
and intra-rater reliability among sports medicine providers. 
Six raters consisting of two medical doctors (pediatric or-
thopedic surgeons), two physical therapists, and two ath-
letic trainers were recruited for participation in this study. 
Raters were chosen because of their primary role in pro-
viding clinical care to young athletes in a pediatric health-
care system. The raters independently viewed a total of 10 
videos. All raters provided their consent to participate in 
the current study. 

Reliability of the Cutting Alignment Scoring Tool (CAST) to Assess Trunk and Limb Alignment During a 45-Degree Side-Step Cut

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/21419-reliability-of-the-cutting-alignment-scoring-tool-cast-to-assess-trunk-and-limb-alignment-during-a-45-degree-side-step-cut/attachment/55568.jpg?auth_token=KWcbDXSaBd58gZ8PKk30


Table 1: Cutting Alignment Scoring Tool (CAST) 

Item Operational Definition 

1. Trunk lean to opposite 
direction of cut 

At the time point of initial load acceptance, if the whole trunk segment appears to be deviated 
greater than 10 degrees from a horizontal line through the hips (ASIS* to ASIS*) score 1 (YES). If not, 
score 0 (NO). 

2. Increased cut width At the time point of Initial load acceptance , 
draw a line down from the lateral most aspect of the athlete’s stance leg hip, if the line appears to 
fall more than one shoe width, medial to the foot score 1 (YES). If not, score 0 (NO). 

3. Knee Valgus at Initial 
load acceptance (Static 
Evaluation) 

At the time point of Initial load acceptance, if the weight bearing limb demonstrates valgus (thigh 
adduction, genu valgum, or knee abduction) score 1 (YES). If the weight bearing limb is in neutral 
alignment score 0 (NO). 

4. Knee Valgus throughout 
the cutting task (Dynamic 
Evaluation) 

During the cutting task if the weight bearing limb demonstrates valgus (thigh adduction, genu 
valgum or knee abduction) score 1 (YES). If the weight bearing limb is in neutral alignment, score 0 
(No). 

*ASIS= Anterior Superior Iliac Spine 

PROCEDURES 

The 10 videos were randomly selected from the six trials 
performed by the eight participants. A review of the avail-
able studies that had a similar study objective led to the 
current sample size selection.27–29 Video trials from three 
participants performing the side-step cut planting on the 
right limb were used, trials of five participants performing 
the side-step cut on the left limb were used and, and for 1 
participant both limbs were used. The videos were slowed 
to 50% speed and were provided to each rater with brief in-
structions and a preliminary version of the CAST. The raters 
were instructed to view the videos independently without 
communicating with one another. They were allowed to re-
view the videos as many times as necessary and could pause 
the video as needed. Raters were not permitted to make 
any marks on the screen, including joint angle or distance-
based measurements. 

The raters were given one week to view and score the 
videos. After the initial scoring, a peer-to-peer discussion 
was held to discuss the CAST rating tool and to develop 
detailed definitions to improve the interpretation of the 
scoring criteria. The discussion was performed via a two-
hour long video conference. During the video conference, 
each of the 10 videos were displayed, and each rater had 
an opportunity to share their clinical diagnosis of at-risk 
movements. After each rater provided their interpretation 
of at-risk movements and discussed subsequent clinical de-
cision-making, the group provided feedback. After the peer-
to-peer discussion, a reference sheet (Figure 2) was devel-
oped, and the CAST scoring criteria was finalized (Table 1). 

The first reliability session was performed one-week fol-
lowing the interactive peer-to-peer discussion. The same 
reviewing instructions that were used during the develop-
ment of the CAST scoring criteria were given to each rater 
and the importance of the independent reviewing process 
was emphasized. The first reliability session consisted of 
the same 10 videos, with sequences altered in random order 
to minimize memory bias. After the first reliability session, 
a two-week break was given as a wash-out period. Next, the 
second reliability session was performed, using the same 
method outlined for the first reliability session. The se-

quence of videos was further randomized in the second re-
liability session. 

STATISTICAL ANALYSIS 

Reliability was determined by calculating intraclass correla-
tion coefficients (ICC) for the CAST total scores, with 2-way 
mixed-effects model and their 95% confidence intervals 
(95% CIs) for inter-rater and intra-rater reliability. For the 
first aim, the individual and cumulative inter-rater reliabil-
ity of six raters were calculated within the 1st and 2nd reli-
ability sessions. The individual and cumulative intra-rater 
reliability of six raters were calculated between the 1st and 
2nd reliability sessions. ICC values less than 0.50, between 
0.50 and 0.75, between 0.75 and 0.90, and greater than 0.90 
were defined as poor, moderate, good and excellent reliabil-
ity, respectively.30 To achieve study aim 2, a kappa coeffi-
cient was calculated for each of the checklist variables using 
the formula; k= Pr(a) – Pr(e)/1 – Pr(e), where Pr(a) is equal 
to the relative observed agreement between raters and Pr(e) 
is equal to the hypothetic probability of chance agreement. 
The kappa coefficient was interpreted based on the scale of 
Landis and Koch31 with 0.01-0.2 being slight, 0.21-0.4; fair, 
0.41-0.6; moderate, 0.61-0.8; good and 0.81-1.0 almost per-
fect. All statistical analyses were conducted using SPSS Sta-
tistics 22 (IBM Corp. Released 2013. IBM SPSS Statistics for 
Windows, Version 22.0. Armonk, NY: IBM Corp). 

RESULTS 

Inter-rater reliability for the 1st reliability session was mod-
erate (ICC: 0.632, 95% CI 0.100-0.895) and inter-rater re-
liability for the 2nd reliability session was excellent (ICC: 
0.901, 95% CI 0.766-0.971). The cumulative inter-rater re-
liability, a combination of 1st and 2nd inter-rater reliability, 
was good (ICC: 0.808, 95% CI 0.644-0.913). Intra-rater reli-
ability of each rater is depicted in Table 2. The cumulative 
intra-rater reliability of the six raters was good (ICC: 0.753, 
95% CI 0.588-0.852). Kappa-coefficients for each variable 
are presented in Table 3. Almost perfect kappa coefficients 
were recorded for cut width (k=0.949). Moderate kappa co-
efficients were found for trunk lean (k= 0.632), and fair 
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Figure 2: CAST reference sheet 

kappa coefficients were noted for dynamic valgus and static 
valgus (k=0.462 and k= 0.533 respectively). 

DISCUSSION 

The primary purpose of this study was to assess the within 
session inter-rater reliability and the between session intra-
rater reliability of the CAST. The CAST demonstrated good 
inter-rater reliability (cumulative ICC: 0.808, 95% CI 
0.644-0.913) and good intra-rater reliability (cumulative 
ICC: 0.753, 95% CI 0.588-0.852). These findings supported 
our hypotheses that the CAST would demonstrate good-ex-
cellent inter-rater and intra-rater reliability among sports 
medicine providers. The findings also suggest that the CAST 
may allow clinicians to standardize their assessment of 
trunk and lower extremity alignment using 2-D video dur-
ing a cutting task. It needs to be noted, however, that when 
comparing the first and second inter-rater reliability ses-
sions, the first session showed lower reliability and larger 
confidence intervals relative to the second session (ICC: 
0.632, 95% CI 0.100-0.895). The improvement in reliability 
from the first to the second session may have potentially 
been the result of a learning effect as this was the third 

time the raters viewed the same 10 videos. Interestingly, the 
medical doctors demonstrated the highest intra-rater reli-
ability (Table 2). This contrasted with the authors’ expec-
tations. Initially, it was speculated that the physical ther-
apists and athletic trainers would show the highest 
intra-rater reliability due to their frequent use of movement 
analysis in their daily practice settings. One explanation 
for this outcome may be certain character traits that are 
unique to the medical doctor profession. Anecdotally, med-
ical doctors are trained to adhere to medical guidelines to 
make precise and informed decisions in their clinical set-
tings, especially during surgery. Both medical doctors in 
this study were orthopedic surgeons, which might have con-
tributed to the higher intra-rater reliability. The findings of 
the current study are generally in agreement with the work 
of Dos’ Santos et al18 who found moderate inter-rater reli-
ability (ICC =0.690) and excellent intra-rater reliability (ICC 
=0.946) when utilizing a similar qualitative scoring system 
to evaluate a 90 degree cutting maneuver. There are several 
differences in study design. Dos’ Santos et al19 determined 
inter-rater reliability of the CMAS using three raters rather 
than six. Despite a larger number of raters, inter-rater reli-
ability of our measurement tool, the CAST, was higher than 
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Table 2: Intra-rater reliability (ICC, 95%CI, cumulative values) of 6 raters 

Raters ICC* 95% CI Cumulative Values 

MD #1 0.682 - 0.432, 0.923 

MD #2 0.910 0.641, 0.978 

Physicians 0.824 (0.551,0.931) 

PT#1 0.640 - 0.578, 0.912 

PT #2 0.857 0.396, 0.965 

Physical Therapists 0.776 (0.426,0.912) 

AT #1 0.589 - 0.653, 0.898 

AT #2 0.780 0.116, 0.945 

Athletic Trainers 0.656 (0.157,0.862) 

Cumulative ICC* of all 6 raters 0.753 (0.588,0.852) 

ICC= intraclass correlation coefficient, CI= confidence interval, MD= medical doctor, PT= physical therapist, AT= athletic trainer 

Table 3: Inter-rater reliability for Cutting Alignment Scoring Tool (CAST) variables 

Raters Cut Width (k) Trunk Lean (k† Dynamic Valgus (k) Static Valgus (k) 

MD #1 1.000 0.582 0.600 1.000 

MD #2 1.000 0.737 0.600 (-) 0.379 

PT #1 1.000 0.412 0.400 0.600 

PT #2 1.000 0.412 0.091 1.000 

AT #1 1.000 0.449 0.200 0.583 

AT #2 0.737 0.615 0.800 1.000 

Cumulative 0.949 0.632 0.462 0.533 

k= kappa coefficient, MD= medical doctor, PT= physical therapist, AT= athletic trainer 

that of the CMAS. The underlying reason for higher inter-
rater reliability found in the current study is likely multi-
factorial. One potential explanation for the observed higher 
inter-rater reliability in the study is the interactive peer-
to-peer discussion. During the discussion session, all raters 
openly shared their clinical knowledge, expertise, and ex-
periences. The reference sheet and CAST were developed as 
on output of the discussion. This process provided an op-
portunity for sports medicine providers from multiple disci-
plines to critically review the scoring tool and contribute to 
the final development. Hence, discussion among peers may 
be an important step to develop a clinically useful evalu-
ation tool. This lesson also has an important clinical im-
plication, particularly in a multi-center study setting. Re-
viewing a protocol, images, or variables of interests prior to 
study commencement is likely helpful to enhance reliabil-
ity among peers. Another notable difference between this 
study and that of the CMAS is that the intra-rater relia-
bility of the CMAS was reported for only one rater.19 The 
current study reported the average of six raters which may 
have contributed to the lower intra-rater reliability. Lastly, 
Dos’ Santos et al19 only used a one-week wash out period 
compared to a two-week washout period used in the current 
study. There are also several differences in the variables 
evaluated with the CMAS compared to those evaluated with 

the CAST. The variables evaluated with the CMAS are ob-
served through three different camera views in the frontal, 
sagittal and 45-degree planes.19 The variables assessed in 
the current study were only observed through one camera 
view which is in the frontal plane. Frontal plane variables 
were chosen based on the work of Imwalle et al who found 
that increased knee abduction moments during cutting pre-
dominantly stem from the frontal plane.22 Although the 
three-camera views used in the CMAS likely allowed for im-
proved identification of the variables of interest, obtaining 
multiple views of a cutting maneuver on the field may pose 
challenges. A single view assessment tool may result in im-
proved adoptability by clinicians and coaching staff. Addi-
tionally, eight variables are evaluated with the CMAS while 
only four variables are evaluated with the CAST. The lower 
number of variables assessed with the CAST may have im-
proved the tools efficiency, however, future studies are nec-
essary to determine its validity against 3D motion capture, 
and in identifying athletes displaying high risk cutting me-
chanics. 

The second aim of this study was to evaluate rater agree-
ment of each component of the CAST. Almost perfect kappa 
coefficients were found for cut width (k=0.949) while mod-
erate kappa coefficients were observed for trunk lean (k= 
0.632) and fair kappa coefficients were noted for dynamic 
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valgus and static valgus (k=0.462 and k= 0.533 respectively). 
The results suggested that assessments of less complex 
movements during a cutting maneuver were more reliable 
than multiplanar movements. This supports the hypothesis 
that there will be good to almost perfect agreement for cut 
width, and moderate to good agreement for trunk lean. The 
hypothesis that valgus variables would demonstrate moder-
ate to good agreement was not supported. Only fair agree-
ment was found for dynamic and static valgus. Again, these 
findings were generally in agreement with Dos Santos et 
al19 who found fair agreement (k=0.551) for frontal plane 
trunk position and moderate agreement (k=0.605) for ex-
cessive knee valgus motion. Several factors may have con-
tributed to the decreased reliability of valgus identification 
in the current study. For example, changes in knee flexion 
angle and deviation of the plane of the body out of the 
frontal plane of the video camera may make it difficult to 
accurately identify frontal plane movement faults. Addi-
tionally, videos in this study were collected on an iPad at 
a rate of 30 frames per second, future studies should de-
termine if video collection at a higher frame rate would in-
crease the reliability of the CAST. Future studies are war-
ranted to consider those aspects in conjunction with cutting 
maneuvers, which should help in identifying at-risk move-
ments with 2-D video analysis. 

The authors recommend that future studies should also 
aim to determine the predictive validity of qualitative and 
2-D screening tools for ACL injury risk. In a prospective 
study by Hewett et al,9 knee abduction moments predicted 
ACL injury with 73% specificity and 78% sensitivity and 
dynamic valgus measures showed a high predictive value 
(r2 =0.88). Screening tools that are able to accurately iden-
tify high knee abduction moments and dynamic valgus val-
ues may be the most effective in identifying athletes at in-
creased risk for an ACL injury.9 A statistically significant 
strong relationship (r = 0.796, 95% CI 0.647 to 0.887) was 
found between the CMAS and peak knee abduction mo-
ments in a sample of 41 college aged athletes (28 males/13 
females, mean age 21.3 + 4.0 years) from multiple sports.19 

These finding suggest that a qualitative assessment of a 
cutting task may help identify collegiate athletes with high 
knee abduction moments during a cutting maneuver. Simi-
larly, moderate correlations were found between 2-D mea-
surement of frontal plane valgus angles and 3-D analysis (r2 

=0.58), suggesting its feasibility for ACL injury risk screen-
ing.32 Future studies should continue to explore this area, 
specifically in the pre-adolescent and adolescent popula-
tions, which have been understudied. It is currently un-
known if qualitative screening tools evaluating cutting 
technique in young athletes are predictive of ACL injuries. 
With this concept, the current study focused on pre-ado-
lescent and adolescent population. The dynamic and static 
cumulative inter-rater reliabilities were not as high as was 
anticipated (ICC=0.462, 0.533, Table 3). Specific bony land-
marks and/or more stringent definitions of knee valgus in 
cutting maneuvers may need to be addressed by sports 
medicine providers. The development of screening tools 
that are able to accurately identify high-risk cutting move-
ments may provide coaches and practitioners with an effi-
cient and effective strategy to screen young athletes for ACL 
injury risk. Furthermore, providing clinicians with a practi-

cal tool to evaluate cutting tasks may enhance injury pre-
vention interventions. Given the high percentage of ACL in-
juries that occur during a cutting or pivoting mechanism, 
future research is warranted to find an association between 
clinically useful 2-D video analysis and ACL injury in young 
active populations. 

LIMITATIONS 

Several limitations must be stated. First, the CAST only 
evaluates frontal plane movements. Cutting maneuvers are 
multiplanar and incorporating additional views and planes 
may improve the capacity to identify faulty movement bio-
mechanics. Additionally, the operational definitions for 
each variable were written with varying criteria. For ex-
ample, an approximate degree reference was provided for 
trunk lean, a body reference was provided for cut width and 
a qualitative description was provided for the valgus vari-
ables. This variability may have contributed to rater confu-
sion when using the tool. Another limitation is that only the 
reilabilty of sports medicine providers was evaluated. Sport 
specific coaches spend the most time working with ath-
letes; thus, determining the reliability of the CAST amongst 
coaches may greatly increase its utility. In this study a peer-
to-peer discussion was held with all six raters, one week 
prior to the first reliability session. During this discussion 
the same 10 videos that were used in the 1st and 2nd reli-
ability sessions were viewed and discussed as a group. De-
spite the use of a two-week wash out period between rounds 
and the randomization of videos in each round, this dis-
cussion may have increased the inter and intra-rater relia-
bility of the tool. Future studies should evaluate the relia-
bility of the CAST without the added discussion. It should 
also be acknowledged that this study used a planned cutting 
task. Different outcomes may be expected with the use of 
an unplanned cutting task which has been shown to result 
in greater knee joint loads when compared to planned cut-
ting maneuvers.33 Lastly, it is unknown if the CAST is a 
valid tool for predicting ACL injury risk during a cutting ma-
neuver. It is important to investigate whether or not 3-D 
kinematic variables are correlated with visually identified 
movements. Future studies should aim to determine its pre-
dictive validity and its criterion validity with 3-D motion 
capture. 

CONCLUSION 

Despite limitations, this study demonstrated that the CAST, 
a qualitative evaluation tool to identify at-risk movements 
for ACL tear during a side-step cutting task, demonstrated 
good inter-rater and intra-rater reliability among sports 
medicine providers. It also showed almost perfect between 
rater agreement for cut width, moderate agreement for 
trunk lean, and fair agreement for knee valgus variables. 
The two-hour peer-to-peer discussion might have con-
tributed to the relatively high inter-rater reliability. These 
findings suggest that the CAST can be used as a reliable 
tool to evaluate trunk and lower extremity alignment during 
a cutting task by sports medicine providers. Identification 
of risky movement patterns may serve as a starting point 
for sports medicine providers to provide targeted technique 
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training to reduce ACL injury risk during cutting tasks. Fu-
ture work is recommended to determine the predictive va-
lidity of the CAST in identifying individuals at risk for ACL 
injury. 
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