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ABSTRACT

Objectives: This study aimed to determine the between-session and inter-rater reliability of the modified
tuck jump assessment (TJA).

Design: Reliability study.

Setting: Human movement laboratory.

Participants: Sixteen recreational participants (8 females, 8 males; mean age: 22.4 years) participated in
the study. Participants performed the modified TJA in two sessions separated by one week.

Main outcome measures: Between-session and inter-rater reliability were determined by two indepen-
dent raters. The standard error of measurement (SEM) and smallest detectable difference (SDD) were
calculated.

Results: The between-session reliability for the total scores was excellent for rater 1 (ICC=0.93, 95%
CI=0.78—0.98) and rater 2 (ICC = 0.96, 95% CI = 0.89—0.99), with SEM's and SDD's ranging between 0.5-
0.7 and 1.3—2.1 respectively. The inter-rater reliability for the total scores was good for session 1
(ICC=0.85, 95% CI=0.58—0.95) and session 2 (ICC=0.88, 95% Cl=0.66—0.96). In general, there was
poor agreement for item analysis for both raters between sessions as well as between raters.
Conclusion: The modified TJA revealed excellent between-session and good inter-rater reliability for the
total score. Reliability for the between-session was poor for the individual items. The relatively poor
reliability for the individual items imply that caution is warranted when solely interpreting the total

score.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Analyzing athletes’ motion during specific tasks may enable the
identification of those at risk of injury (Hewett et al., 2005). In
particular, athletes participating in pivoting sports may be at risk
for lower extremity injuries such as ankle sprains, patellofemoral
pain or anterior cruciate ligament (ACL) injuries (Kilic, Maas,
Verhagen, Zwerver, & Gouttebarge, 2017; Myer et al,, 2015).
Traditionally, movement analysis has been assessed using labora-
tory based three-dimensional (3D) motion capture equipment.
However, using this equipment is time consuming and very costly.

Several jumping and landing tests have been developed in the
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clinical setting, including the landing error scoring system (LESS)
(Padua et al., 2009), the drop vertical jump test (Myer, Ford, Khoury,
Succop, & Hewett, 2010) and the tuck jump assessment (TJA) (Myer,
Ford, & Hewett, 2008). The TJA may offer clinical advantages over
the other tests. First, the TJA is a full effort plyometric jump task
which may better reflect sport-specific jumping activities (Myer
et al., 2008). Second, the TJA protocol requires athletes to perform
consecutive jumps for 10 s, while the LESS (Padua et al., 2009) and
drop vertical jump (DV]) test (Myer et al., 2010) require only three
jumps. Therefore, the TJA evaluates a measure of endurance,
introducing a potential fatigue effect that might highlight landing
flaws not observable in three non-consecutive jumps.

The TJA was developed as a practical “clinician-friendly” plyo-
metric assessment, identifying jumping and landing technique
flaws pertaining to risk of ACL injury (Myer et al., 2008). Using a
double-leg jump task such as the TJA may allow clinicians to detect
side-to-side asymmetries. In addition, the TJA may be used to
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monitor rehabilitation of lower extremity injuries (Herrington,
Myer, & Horsley, 2013b). However, the TJA could be also be
considered in function of injury screening purposes for other lower
extremity injuries such as patellofemoral pain. High knee valgus
angles contributing to high knee abduction moments during DV]
landing have been linked prospectively to patellofemoral pain in
adolescent girls (Myer et al., 2015). Similarly, the TJA has been
shown to identify increased knee valgus angles in (female) athletes
during landing (Myer et al., 2008), indicating the potential of the
TJA for future injury screening purposes. A recent study demon-
strated that both male and female youth athletes demonstrated an
improvement in jump-landing technique with the modified TJA
with maturation (Fort-Vanmeerhaeghe, Benet, Mirada, Montalvo, &
Myer, 2018).

Originally, the jumps and landings during the TJA were analyzed
with 10 items (Myer et al., 2008). These 10 items were used to
assess the four neuromuscular imbalances that are suggested to be
related to ACL injury risk in female athletes (ligament, quadriceps,
leg, and trunk dominance) (Hewett, Ford, Hoogenboom, & Myer,
2010). While the TJA is clinically useful (Herrington, Myer, &
Munro, 2013a), concerns have arisen related to the traditional
dichotomous scoring system which was deemed too constrictive to
assess complex movement patterns (Fort-Vanmeerhaeghe,
Montalvo, Lloyd, Read, & Myer, 2017). Subsequently, a modified
TJA has been developed (Fort-Vanmeerhaeghe et al., 2017) where
the dichotomous scale (0 for no flaw or 1 for flaw) (Myer, Brent,
Ford, & Hewett, 2011), has been changed into an ordinal scale
(Fort-Vanmeerhaeghe et al., 2017). The 2-point dichotomous scale
has been changed to a 3-point ordinal scale that may allow clini-
cians to score jump-landing performance with a slightly larger
range given the subtleties often observed that may pose a problem
to capture this in a yes/no configuration. Fort- Vanmeerhaeghe et al.
(Fort-Vanmeerhaeghe et al., 2017) reported good to excellent intra-
and interrater reliability for most of the items of the modified TJA.
Although it is recognized that reliability of the modified TJA is an
important measurement property, it leaves the question unan-
swered what the jump-landing variance of healthy athletes be-
tween sessions is. Within-session reliability has been established as
good (Fort-Vanmeerhaeghe et al., 2017), but the variance of athletes
between sessions remains unknown. In order to interpret differ-
ences during and following an intervention appropriately, an
indication of the variability of the movement patterns between
sessions is necessary. This could provide meaningful information to
determine whether a change in the score of the modified TJA during
and/or after an intervention program reflects a true improvement
or lack thereof.

The primary aim of this study was therefore to determine the
between-session reliability of the modified TJA in healthy adult
athletes. It is common that a patient is under the care of several
physiotherapists during a course of rehabilitation. Hence, within
the team of physiotherapists, agreement between physiotherapists
is important when using the modified TJA. So far inter-rater reli-
ability for the modified TJA has been established for young athletes,
but not for adult athletes (Fort-Vanmeerhaeghe et al., 2017).
Therefore, the second purpose was to investigate the inter-rater
reliability of 2 raters using the modified TJA in adult athletes.

2. Materials and methods
2.1. Participants

Sixteen recreational participants (8 females, 8 males; age:
mean + SD =22.4 + 1.9 years; weight: mean + SD =68.1 + 10.3 kg;

height: mean+SD=176.3+9.3cm; body mass index:
mean + SD =218 + 2.1 kg/m?)  participated in the study.

Participants were recruited by advertisements in local sport clubs.
All participants participated in sports involving multidirectional
movements (11 football, 4 volleyball, 1 multisport including kick-
boxing). Inclusion criteria for the study were (i) age 18—45 years,
(ii) no musculoskeletal injuries of the lumbar spine or lower limb in
the last 6 months and (iii) willing to sign the informed consent
form. Exclusion criteria were (i) history of a major trauma in the
previous 6 months prior to the measurements (ii) orthopaedic
surgery of the lumbar spine, pelvis or lower limb, (iii) any presence
of following conditions/constitutions: neurologic or vestibular
disorders, (iiii) current pregnancy. Appropriate ethical approval
was granted by the local ethical committee prior to the
commencement of the study. Before participating in the study, all
participants read and signed the informed consent form.

2.2. Procedure

Participants were instructed to place their feet in the middle of
the rectangle marked (41 cm length, 35 cm width) on the floor. This
square consisted of four smaller rectangles. In addition, basic in-
structions were given about how to carry out the test (information
on lifting the knees to hip height and attempting to land on the
same footprint with their feet shoulder width apart (Fort-
Vanmeerhaeghe et al., 2017). In order to fully understand the ver-
bal instructions, study participants were shown a live demonstra-
tion of the correct TJA technique. Participants were then allowed to
ask questions to clarify their understanding of what was required in
order to correctly perform the test and were provided 3—5 practice
trials to ensure accurate interpretation of the tuck jump. Following
the warm-up, the TJA commenced on the designated location for
10 s after receiving again basic instructions about how to complete
the test. The performance of each test session was recorded using
two cameras (iPad Air, Apple, Inc., USA) sampling at 120 frames per
second. The frontal and sagittal placed iPads (Apple Inc., USA) were
positioned on a portable tripod perpendicular to respectively the
frontal and sagittal plane at a height of 0.78 m, and a distance of
3.10 m. The participants were required to wear a short. For males,
the upper body was bare whilst females were asked to wear a
sports bra to enhance visible tracking of the trunk and lower ex-
tremities. The participants were required to wear sports shorts. All
participants were tested twice with a one-week interval. Two
sports physical therapists with respectively 26 and 9 years of
experience independently assessed the videos of the tuck jumps.
The scoring was based on a frontal and sagittal views. The videos
were analyzed with freely available software (QuickTime 7.7.9 for
Windows, Apple Inc., USA) that allowed for slow motion and frame
by frame advancement. Each rater was allowed to play the videos as
many times as needed to obtain a score for the tests. This procedure
and scoring were according to the method by Fort- Vanmeerhaeghe
et al. (Fort-Vanmeerhaeghe et al.,, 2017)]. Briefly, if participants
failed to meet the criteria then they scored 1 or 2. Conversely, if
participants met the criteria, then they scored 0 for the respective
category. In order for a movement to be considered dysfunctional,
the specific technique error had to appear two or more times
during the 10-s test. The raters were blinded to the previous score
as well as each other's scores, and both raters performed the second
assessment one week after the first assessment to prevent recall
bias.

2.3. Statistical analysis

To determine the between-session reliability of the total
modified TJA scores, the first assessment was compared to the
second assessment of both raters individually. To determine the
inter-rater reliability, both assessments of rater 1 were compared to
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both assessments of rater 2. A two-way random model was used
with absolute agreement (ICCy ). The ICC values were interpreted
as poor (<0.50), moderate (0.50—0.74), good (0.75—0.89) or excel-
lent (0.90—1.00) (Portney & Watkins, 2000). The standard error of
the measurement (SEM) was determined using the following
equation, SEM = SD*4/(1-ICC) (Weir, 2005). The smallest detect-
able difference (SDD) was estimated based on the 95% confidence
interval (CI), where SDDg5 = SEM*\/2*1.96 [18]. To determine the
between-session and inter-rater reliability of each individual TJA
item, Cohen's Kappa (k) values were calculated. The k-values were
interpreted as follows: k < 0 less than chance agreement; k > 0.01
to <0.20 slight agreement; k > 0.21 to <0.40 fair agreement;
k > 0.41 to <0.60 moderate agreement; > 0.61 to <0.80 substantial
agreement; > 0.81 to 0.99 almost perfect agreement; k = 1 perfect
agreement (Landis & Koch, 1977). All statistical analyses were
performed using SPSS (SPSS Science, version 24 for Windows, USA).

3. Results
3.1. Total scores

The between-session reliability for the total scores was excellent
for rater 1 (ICC=0.93, 95% CIl = 0.78—0.98) and rater 2 (ICC = 0.96,
95% Cl=0.89—0.99), with SEM's and SDD's ranging between 0.5-
0.7 and 1.3—2.1 respectively (Table 1). The absolute differences
between sessions were relatively small (0.7—1.3) (Table 1).

The inter-rater reliability for the total scores was good for ses-
sion 1 (ICC=0.85, 95% Cl=0.58—0.95) and session 2 (ICC=0.88,
95% Cl = 0.66—0.96), with SEM's and SDD's ranging between 0.8-1.0
and 2.3—2.9 respectively (Table 2). The absolute differences be-
tween raters were relatively small (1.3—1.6) (Table 2). The mean
total scores were 10.9 + 2.9 and 11.5 + 2.7 for respectively the first
and second session of rater 1, and 11.6 +2.4 and 11.6 +2.2 for
respectively the first and second session of rater 2.

3.2. Item analysis

The Kappa measure of agreement between sessions differed
between items and between raters. For rater 1, slight agreement
was found for item 6, fair agreement for item 5, moderate agree-
ment for items 2, 7, 9 and 10, substantial agreement for item 1 and
almost perfect agreement for item 4. The 3rd item “thighs not equal
side-to-side” had a less than chance agreement (k < 0) (Table 3). For
rater 2, moderate agreement was found for item 9, substantial
agreement for item 1, almost perfect agreement for items 2, 4, 6 and
10 and perfect agreement for items 5 and 7. Only the 3rd item
“thighs not equal side-to-side” had a less than chance agreement
(k< 0) (Table 3). Item 8 (“pause between jumps”) was scored 0 for
all sessions. Therefore, kappa coefficients could not be calculated
for this item.

The inter-rater Kappa coefficients differed largely between
items. Slight to fair agreement was found for item 7, fair agreement
for items 3 and 6, fair to moderate agreement for item 9, fair to
substantial agreement for item 4, moderate agreement for item 2,
moderate to substantial agreement for items 5 and 10, substantial
to almost perfect agreement for item 1 (Table 4). Item 8 (“pause

between jumps”) was scored O for both sessions which precluded
to calculate Kappa coefficients for this item.

4. Discussion

The main finding from the current study was that the modified
TJA revealed excellent between-session and good inter-rater reli-
ability for the total score. The relative lower reliability for the in-
dividual items in comparison with the total scores imply that
caution is warranted when solely interpreting the total score. For
example, the same total score could be obtained by different
combinations of scores on individual items. Others have also
cautioned to solely interpreting the total score due to the high
within-subject variation in a number of the individual items
(Mayhew, Johnson, Francis, Snowdon, & Jones, 2017; Read, Oliver,
de Ste Croix, Myer, & Lloyd, 2016).

4.1. Between session reliability of the total scores

In the current study between session-reliability was determined
based on analysis of participants performing two sessions of the
modified TJA separated by one week.

In clinical practice, any improvement of the modified TJA
following an intervention or rehabilitation programs needs to be
checked against the clinical significance of the findings. Therefore,
it is important to know the measurement properties of the tests
being used. This the first study to the best of the author's knowl-
edge to report between session reliability, including the SEM and
SDD for the modified TJA. Using both the SEM and SDD data could
help clinicians to determine whether a change (e.g. lower or higher
score) in the modified TJA score over time, may reflect a true
change rather than irrelevant fluctuations. The SEM provides an
estimate of one standard deviation of the error associated with a
single measurement (Davidson & Keating, 2014). Based on the
current study, the SEM shows relative low variability of the modi-
fied TJA test caused by measurement error. Using the original TJA,
Dudley et al. (Dudley et al., 2013) found that interrater reliability of
three raters who completed two scoring sessions improved from
0.52 (95% CI 0.35—0.68) for session one to 0.69 (95% CI 0.55—0.81)
for session two, one month later. The SDD is an indicator of the
confidence that differences in performance are not due to mea-
surement error or subject variability. The SDD was between 1.3 and
2.1 between sessions. Increases or decreases between sessions for
the modified TJA that exceed this SDD can provide justification for
continued care, indicate the need for additional evaluation or in-
terventions, or identify appropriate benchmarks for care. Based on
the results of the current study the SDD, the authors suggest that
was at least 2 points decrease or increase on the total score
represent a clinical meaningful change between sessions. Our
findings suggest that the total scores of the modified TJA may have
potential for making longitudinal comparisons of jump landing
movement patterns for repeated measures. Although, the TJA has
been shown to be reliable in elite male youth soccer players,
caution should be applied in solely interpreting the composite
score due to the high within-subject variation in a number of the
individual criteria (Read et al., 2016).

Table 1
Between-session reliability of the total score of the modified tuck jump assessment.
Absolute difference between sessions * ICC,, (95% CI) SEM SDD
Rater 1 1.3+08 0.93 (0.78—0.98) 0.7 2.1
Rater 2 0.7 +0.6 0.96 (0.89—0.99) 0.5 13

Abbreviations: ICC, intraclass correlation coefficients; Cl, confidence interval; SEM, standard error of measurement; SDD, smallest detectable difference.

* Mean + standard deviation.
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Table 2
Inter-rater reliability of the total score of the modified tuck jump assessment.
Absolute difference between sessions * ICCy 5 (95% CI) SEM SDD
Measurement 1 1.6+1.2 0.85 (0.58—0.95) 1.0 2.9
Measurement 2 1.3+1.0 0.88 (0.66—0.96) 0.8 2.3

Abbreviations: ICC, intraclass correlation coefficients; CI, confidence interval; SEM, standard error of measurement; SDD, smallest detectable difference.

* Mean + standard deviation.

Table 3
Kappa coefficients for between-session reliability for each item of the modified tuck
jump assessment.

Item Rater 1 Rater 2
1. Lower extremity valgus at landing 77 .63
2. Thighs do not reach parallel .52 .80
3. Thighs not equal side-to-side -25 =23
4. Foot placement not shoulder width apart .86 .88
5. Foot placement not parallel 29 1.0
6. Foot contact timing not equal .19 .89
7. Excessive landing contact noise .59 1.0
8. Pause between jumps / /
9. Technique declines prior to 10s 44 .59
10. Does not land in same footprint 43 .85
Table 4

Kappa coefficients for inter-rater reliability for each item of the modified tuck jump
assessment.

Item Measurement 1 Measurement 2
1. Lower extremity valgus at landing .88 77
2. Thighs do not reach parallel 46 .56
3. Thighs not equal side-to-side 25 .39
4. Foot placement not shoulder width apart .40 .63
5. Foot placement not parallel 77 43
6. Foot contact timing not equal 32 36
7. Excessive landing contact noise 24 .09
8. Pause between jumps / /
9. Technique declines prior to 10s 41 25
10. Does not land in same footprint .67 .59

4.2. Between session reliability of the individual scores

The Kappa measure of agreement between sessions differed
between items, and between raters. Rater 1 had slight to moderate
agreement for six items, substantial agreement for one item and
almost perfect agreement for one item. Rater 2 had substantial
agreement for one item, almost perfect agreement for four items
and perfect agreement for two items.

The substantial number of low Kappa scores for the individual
items could indicate that the criteria for these items appear to be
difficult to apply in practice when using the modified TJA. For
example, both rater 1 and 2 in the current study scored 0 for item 8
“pause between jumps” for both sessions, indicating that none of
the participants used a pause between jumps. In the instructions
how to score this item, Fort- Vanmeerhaeghe et al. (Fort-
Vanmeerhaeghe et al., 2017) provided the following criteria: (0)
reactive and reflex jumps, (1) small pause between jumps, and (2)
large pause between jumps. However, the authors do not explain
the difference between small and large (Smith, Chimera, Lininger, &
Warren, 2017).

4.3. Inter-rater reliability of the total scores

The inter-rater reliability for the total score of the modified TJA
was good based on the ICC (0.85—0.88) values of the two raters
involved in this study, which suggests that the modified TJA has the

capacity to be used by multiple examiners to document jump-
landing movement patterns in athletes. Previously, the inter-
reliability was determined but based on two raters who analyzed
the same videos of a single session with a one-week interval and
reported inter-rater ICC values of 0.96 (Fort-Vanmeerhaeghe et al.,
2017).

4.4. Inter-rater reliability of the individual scores

The inter-rater Kappa coefficients of agreement revealed large
differences for the various items. Specifically, scoring the items
“thighs not equal side-to-side during flight”, “foot contact timing
not equal” and “technique declines prior 10 s” yielded only slight to
moderate agreement. Our findings are in line with previous
expressed concerns that have arisen pertaining the clarity of some
of the items used in the scoring of the modified TJA (Smith et al.,
2017). Those authors proposed to score pauses longer than half a
second as a large flaw, while those below constitute a small flaw
(Smith et al., 2017).

4.5. Population and procedure

Several other factors need to be considered when interpreting
the results of the modified TJA. First, the population being tested is
essential to consider. Jump performance in adolescent athletes may
be influenced by periods of rapid growth which were shown to
have landing biomechanics associated with increased injury risk
(Read et al, 2018). Fort- Vanmeerhaeghe et al. (Fort-
Vanmeerhaeghe et al.,, 2018) found that knee valgus at landing
had a significant interaction between sex and maturation. Youth
female athletes demonstrated more deficits for knee valgus at
landing and fatigue compared to males regardless of maturation
status (Fort-Vanmeerhaeghe et al., 2018). If the modified TJA is used
for screening purposes, e.g. yearly at pre-season, changes that are
due to maturity should therefore be taken into account. Future
research should investigate the reliability of the modified TJA
scoring criteria in different types and level of athletes, various age
and gender groups. As a consequence, the mean scores on the TJA
reported in this study should not be considered as normative values
while ignoring these specific individual constraints.

Second, if clinicians want to interpret an improvement in the
TJA score, they need to reassure that the athlete performed the test
with maximal effort, as an athlete could jump slower or lower
while focusing on technique. To overcome this the number of
jumps can be counted and recorded to provide reference, in case
athletes focus primarily on the landing whilst decreasing perfor-
mance (Smith et al., 2017).

4.6. Study limitations

Several study limitations need to be acknowledged. First, the
findings of the current study should not be extrapolated to athletes
of different age groups, athletic level and other sports. Second, not
all participants were able to land in the same foot print and sub-
sequently received a flaw. This is however not a weakness of the
current study as the protocol of Fort- Vanmeerhaeghe et al. (A Fort-
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Vanmeerhaeghe et al., 2017) was followed. They described a
marked rectangle of the floor measuring 35 cm in width and 45 cm
in length. While this may be feasible in youth athletes, for adult
athletes the rectangle may be too small given their larger shoulder
width and foot length.

5. Conclusion

The modified TJA revealed excellent between-session and good
inter-rater reliability for the total scores, but considerable differ-
ences were found for the between-session and inter-rater reli-
ability of the individual items.
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