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ABSTRACT: The purpose of this study was to evaluate the inter-device reliability of three VERT devices
(Mayfonk Athletic, Florida, USA) when worn on the waist (W), left-hip (LH), and right-hip (RH) during single-
and double-leg counter movement jumps (CMJ) in collegiate athletes. Thirty-two female and twenty-eight male
NCAA Division Il athletes (n = 60) participated in the present study. Jump height (JH) values for double-leg
CMJs were analyzed by each device using a one-way repeated measures ANOVA whereas a 2 (jump leg)
X 3 (wear location) repeated measures ANOVA was employed to evaluate single-leg CMJs. Reliability of the
VERT devices were based upon intraclass correlation coefficients (ICC). Double-leg CMJs revealed an excellent
ICC between all three VERT devices (ICC = 0.969). However, JH for RH and LH (45.69 =+ 9.84 and 45.82 = 10.45 cm,
respectively) were on average lower than W (50.44 = 12.37cm; both p < 0.001). The ICCs were excellent for
right- and left-leg CMJs (ICC = 0.939 and 0.941, respectively). However, an interaction was observed (p < 0.001).
No differences existed for left- or right-leg when VERT was worn on the waist. However, JH was higher when
VERT devices were worn on the opposite hip of the jump leg (i.e., LH>RH for right-leg CMJs; RH>LH for left-
leg CMJs; all p < 0.001). Results suggest that LH and RH are interchangeable for double-leg CMJs, but not
with waist despite excellent reliability. In addition, all wear locations provided excellent ICCs for single-leg
CMJs. However, waist provides more consistent JH values for right- and left-leg CMJs while RH and LH show
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INTRODUCT IO

Jump height (JH) is a measurement of interest in various athletic
sporting populations [1, 2]. For instance, jumping is important for
blocking/spiking in volleyball, rebounding in basketball, heading
a soccer ball, etc. As a result, strength and conditioning profession-
als often measure JH when seeking to evaluate performance of ath-
letes [3]. Various methods can be used to assess JH in laboratory
and field settings. For instance, laboratory testing of JH often consists
of using a force platform [4, 5]. However, the use of a force platform
may not be practical for strength and conditioning professionals who
do not have adequate training and experience with this technique
and the various software packages used for analysis. Therefore, al-
ternative methods (e.g., Vertec, smartphone applications, etc.) are
often employed to assess JH in collegiate athletes [6, 71.

More accurate JH measurements have become easier to obtain
due to improvements in technology. For instance, the agreement of
smartphone applications such as My Jump with force platforms has
previously been evaluated and shown small bias (0.9 cm) and strong
correlations (r > 0.90) [8, 91. Despite the emergence of smartphone
applications, one limitation of this technique is that it does not allow

quantification of JH during game play or practice. In order to overcome
these issues, a device known as VERT (Mayfonk Athletic, Florida,
USA) was recently developed, which can be worn by athletes during
practice or game play.

VERT can be worn by athletes on the hip (left of right) or around
the waist as recommended by the manufacturer [10]. It has previ-
ously been found that VERT produces similar mean values and excel-
lent reliability when multiple devices are worn around the
waist [11-13]. In contrast, bias between VERT devices (i.e., waist
and sock) increases the further away the device is from the center
of mass (COM), which indicates that wear location is an important
consideration [12]. Research has yet to systematically compare VERT
devices across waist and hip wear locations despite both being a rec-
ommended wear location by the manufacturer. Evaluating the agree-
ment and reliability of waist and hip placement would be valuable
in circumstance where athletes differ on wear location preference.

Another factor that has been of interest in research is the utility
of VERT for different jump types commonly completed in volleyball
practices and games [11, 14, 15]. For example, previous research
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has suggested that VERT is an accurate tool to quantify the volleyball
attack and block jump [14]. Earlier findings are limited to volleyball.
Further, research has yet to consider the impact that single- and
double-leg jumps have when predicting JH with VERT devices. This
is important for athletes who have a jump leg preference (double-leg
instead of single-leg or vice versa). For these reasons, research needs
to systematically evaluate whether the wear location and counter-
movement jump (CMJ) type (i.e., single- or double-leg) impacts JH
measurements obtained via a VERT device. Therefore, the purpose
of this study was to evaluate the inter-device reliability of three VERT
devices when worn on the waist (W), left-hip (LH), and right-hip
(RH) during single- and double-leg counter movement jumps (CMJ)
in collegiate athletes.

MATERIALS AND METHOD'S 1
Subjects

Thirty-two female and twenty-eight male NCAA Division Il athletes
(n = 60) who played men’s basketball (n = 9), baseball (n = 9),
softball (n = 14), women'’s soccer (n = 7), men’s soccer (n = 10),
and volleyball (n = 10) participated in the current study. The athletes
were aged 18 — 25 years (20 = 2 years). Standing height ranged
from 153.00 to 208.50cm (173.35 = 11.26¢cm) whereas body
mass ranged from 49.30 to 108.40kg (75.20 + 13.46kg). In order
to be eligible for the study, athletes had to meet the following crite-
ria: 1) be at least 18 years old; 2) free from lower body musculosk-
eletal injuries for at least 3 month prior to testing; and 3) a participant
of a NCAA Division Il athletic sport. Athletes testing times occurred
between 8:00am — 3:00pm in order to accommodate student ath-
letes’ schedules. Furthermore, athletes were informed to avoid
lower body training sessions at least 48 hours prior to testing. All
testing performed in the current study were in accordance with the
ethical standards of the Helsinki Declaration. Testing consisted of
one visit to the Exercise Physiology Laboratory at Texas A&M Inter-
national University. Upon arrival, athletes were required to complete
a health history questionnaire and provide written informed consent

Testing Procedure

After obtaining consent, athletes went through a battery of warm-up
protocols. First, athletes self-selected a pace on a treadmill for
5-minutes and completed a dynamic stretching session afterwards.
The dynamic stretches consisted of internal-external hip rotations,
cariocas, lateral shuffles, high knees, heel kicks, lunges, and straight
leg marches, which is similar to warm-up protocols utilized in athletes
in previous sport science research [16, 17]. The athletes were then
provided demonstrations by a certified strength and conditioning
specialist on how to perform each CMJ with hands on hip in order
to ensure proper technique. After instructions, athletes performed
2-3 submaximal CMJs at 50, 70 and 90% of their self-selected
maximal effort. Rest times for all CMJs ranged from 30-60 sec to
allow for adequate recovery time between jumps. After performing
the warm-up CMJ protocol, three separate VERT Wearable Fitness
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Monitor devices (Mayfonk Athletic, Florida, USA) were placed at the
W, LH, and RH. The VERT contains a 3-axis accelerometer and
3-axis gyroscope that classifies movements as jumps and quantifies
vertical displacement of each jump through the use of a proprietary
algorithm and sampling frequency [15]. Additional information re-
garding VERT and calculation of JH via their proprietary algorithm
can be found on the manufacturer website (https://www.myvert.com/
gvert). The LH and RH devices were attached with a holster clip and
placed at the superior border of the iliac crest. After properly equipped,
athletes were asked to perform three maximal single- (right and left)
and double-leg CMJs. The order of jumps were double-leg, right-leg
and left-leg while hands were placed on the hips. Lastly, the highest
measure for each device and jump type (double- and single-leg) was
recorded for analysis.

Statistical Analyses

Mean JH values for double-leg CMJs were analyzed using a one-way
repeated measures ANOVA. Further, mean JH values for single-leg
CMJ measurements were analyzed using a 2 (jump leg) x 3 (wear
location) repeated measures ANOVA. When necessary, post hoc
analysis were conducted with the Bonferroni correction method.
A criterion alpha of p < 0.05 was used to determine statistical sig-
nificance. Effect size (ES) of the differences were determined using
Cohen’s d. Two-way mixed, consistency and 95% confidence inter-
vals (Cl), intraclass correlation coefficients (ICC) were conducted to
determine the inter-device reliability when assessing JH for double-
and single-leg jumps. Statistical analyses were performed using SPSS
26.0 software (SPSS Inc., Chicago, IL, USA). All data are presented
as mean = standard deviations.

RIES U LT S 15000000
Double -Leg Jump Height Measurements

The RH and LH device placement yielded similar double-leg JH
estimates (45.69 = 9.84 and 45.82 = 10.45 cm; p = 0.798,
ES = 0.01). However, mean values for RH and LH were on average
lower than W (50.44 + 12.37 cm; both p < 0.001, ES = 0.42 and
0.40, respectively). Nonetheless, the ICC was near perfect between
all device placement locations (ICC = 0.969; 95% CI = 0.953 -
0.981).

Single-Leg Jump Height Measurements

There was an interaction between the single-leg jump and device
wear location (p < 0.001). When the device was worn on the RH,
the JH values for left-leg CMJs were higher than the right-leg CMJs
(29.83 + 6.47 and 26.91 = 5.52, respectively; p < 0.001,
ES = 0.49). However, when the device was worn on the LH, the JH
values for the right-leg CMJs were higher than the left-leg CMJs
(29.46 + 6.55 and 27.53 + 5.36 cm, respectively; p < 0.001,
ES = 0.32). When the device was worn on the W, no differences
were observed between the right- and left-leg mean JH values
(30.81 + 6.52 and 31.50 + 6.69 cm, respectively; p = 0.206,
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ES = 0.10). Despite the differences in JH between device placement
locations, the ICC was near perfect for right- (ICC = 0.939; 95%
Cl = 0.907 - 0.962) and left-leg CMJs (ICC = 0.941; 95%
Cl = 0.909 - 0.963).

DISCU'S'S 1O /N 15
The purpose of this study was to evaluate the inter-device reliability
of three VERT devices when worn on the waist, LH, and RH during
single- and double-leg CMJ in collegiate athletes. The main findings
revealed there are systematic discrepancies (mean differences) be-
tween RH and LH when compared to W for double-leg CMJs despite
excellent reliability. This implies that RH and LH appear to be inter-
changeable when athletes are performing a double-leg CMJ. Further
findings also revealed that all three VERT devices displayed excellent
reliability for single-leg CMJs. However, discrepancies appear to ex-
ist when evaluating mean JH values and wearing the VERT on the
hip (RH and LH) for right- and left-leg CMJs. In contrast, JH values
were similar for when evaluating right- and left-leg CMJs. These
findings indicate that athletes and sports emphasizing single-leg
CMJs should be aware that VERT devices placed on the waist will
provide more consistent JH values regardless of which leg is being
used for the CMJ. It is worth highlighting that this does not imply
waist measurements are valid for single leg-CMJ. Instead, it simply
suggests JH values for right- and left-leg may result in more vari-
ability when captured with VERT devices worn on the hip.

The current study adds to previous research, which has evalu-
ated the utility of VERT for quantifying jump JH. For example, Charl-
ton et al. [11] revealed that VERT devices worn around the waist
systematically overestimate JH by 3.5 to 4.28 cm depending on the
jump type athletes perform. Borges et al. [14] added to these findings
by demonstrating that attack and block jumps were systematically
overestimated by 5.4 and 4.8 cm, respectively, when VERT was
compared to Vertec in elite youth volleyball players. The overestima-
tion of VERT when worn in different locations has also been re-
ported in previous research [12]. For example, when worn around
the waist and chest, VERT has been found to overestimate JH by
5.5 and 6.6 cm, respectively, when compared to Vertec [12]. More-
over, the overestimation of a VERT device worn around the waist is
exacerbated (9.8 cm) when compared to a force platform [12]. These
findings suggest the reference method, in conjunction with the wear
location, is important to consider when interpreting data analysis
and determining the bias of VERT. For example, analysis of a VERT
device on a force platform does not ensure results will come out
similar when compared to other reference methods such as Vertec
or motion capture analysis. Therefore, strength and conditioning
professionals should take study results into context, particularly by
paying close attention to the reference methods used to complete
analysis.

A systematic evaluation of manufacture recommended wear loca-
tions has yet to be completed. Furthermore, a majority of research
has consisted of evaluation in volleyball players whereas the current

study sought to explore the utility of VERT across various collegiate
athletes since this skill-related component applies to various sporting
events. The only known study evaluating inter-device reliability em-
ployed wear locations that are not recommended by the VERT man-
ufacturer. For instance, Skazalski et al. [12] demonstrated excellent
reliability when comparing waist to waist (bias = 0.3cm; ICC = 0.99),
waist to chest (bias = 0.9cm; ICC = 0.94), but poor reliability when
comparing waist to sock (bias = 4.6cm; ICC = 0.39). The bias
between waist and sock for Skazalski et al. [12] is similar to double-
leg CMJ mean differences between waist and hip (RH and LH) in
the current study. Current recommendations do not include a wear
location of the chest, which researchers arbitrarily employed to
mimic wearing the device under a sports bra. Furthermore, it is not
recommended to wear the VERT around the sock. Accordingly, pre-
vious results emphasized the importance of wearing the VERT de-
vices closer to the COM when seeking to enhance reliability, which
is consistent with the current study findings, which found excellent
ICCs when wearing the VERT in locations close to the COM and in
locations currently recommended by the manufacturer (i.e., waist
and hip).

This study also uniquely demonstrated that the CMJ type (single-
or double-leg) may have an impact on the calculation of JH when
wearing the VERT in different locations. These findings are consistent
with Charlton et al. [11] who suggested that the bias of VERT depends
on the jump types performed by athletes. Although the current study
did not employ a reference technique, it is evident that the bias of
VERT will not only vary based upon the CMJ jump type (single- or
double-leg), but also the wear location. Interestingly, research has
shown that VERT tends to overestimate JH when compared to refer-
ence techniques when worn on the waist in a similar fashion as the
current study [11, 12, 14]. However, these findings contradict pre-
vious observations from MacDonald et al. [15] who found that VERT
underestimates JH when worn along the lower back in the approxi-
mate location of L3 or L4 vertebrae. Accordingly, these discrepancies
further emphasize the importance of the current study, which involves
being considerate of the wear location recommended by the manu-
facturer when equipping athletes with the VERT.

The reasons for discrepancies between wear location is a topic of
interest. The present study is unable to determine why differences
occur when worn on hip or waist for double-leg CMJs and between
hip placement (RH and LH) for single-leg CMJs. Nonetheless, reasons
for similarities of RH and LH when performing double-leg CMJs is
likely because both devices have an equal distance from the COM.
Hence, why the RH and LH had similar mean values for JH via the
double-leg CMJ, but slightly different values when compared to waist.
This is supported in a similar statement by Skazalski et al. [12] who
reported bias between waist and other placements (i.e., sock) were
not surprising since the VERT is intended to be worn near the COM.
The reasons for differences between LH and RH when performing
a single-leg CMJ is also worth discussion. For example, when per-
forming a single-leg CMJ jump, one hip is usually higher than the
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other. Therefore, this likely explains why the JH values for RH and
LH varied based upon the leg (right or left) being used for the CMJ.
In contrast, the COM is similar regardless of which leg is performing
the single-leg CMJ, which is likely why waist values remained the
same. Hence, strength and conditioning professionals seeking to
monitor consistent measurements for single-leg CMJs may consider
having athletes wear the device on the waist. However, as previ-
ously mentioned, this doesn’t imply the waist measurement is valid,
but simply implies JH values obtained via the VERT may be more
consistent across single-leg CMJs (right- and left-leg).

Although the current study adds to previous research, it is not
without limitations. For example, the current study did not employ
a criterion method such as a force platform or motion capture anal-
ysis. As a result, the present study cannot establish, which wear
location is valid when performing single- and double-leg jumps.
Nonetheless, our findings uniquely identify how wear location and
CMJ type can influence the agreement between VERT devices. An-
other limitation is that authors were unable to evaluate an entire
team of athletes within a given sport. Instead, a small number of
athletes were obtained from multiple collegiate teams. Accordingly,
stratifying athletes by sex and sport would be outside the scope of
the current study. Nonetheless, the current study adds to previous
literature, which focused solely on volleyball players.

CONCLU S| OIN S /55—
The current study sought to systematically evaluate whether the CMJ
type (single- and double-leg) and wear location of a VERT device is
important to consider when working with collegiate athletes across
various sports. Previous research has evaluated wearable technol-
ogy for the quantification of JH[11, 12, 14, 15, 18, 19]. However,
the reliability of VERT across different recommended wear locations
and across different CMJ types (single- and double-leg) was elusive.
Accordingly, the present study was interested in determining wheth-
er the inter-device reliability was impacted when having athletes
perform single- or double-leg CMJs and wearing VERT devices on
the waist and hip. Current study results demonstrate strong reli-
ability, as indicated by the ICCs, between all three wear locations
when performing single- and double-leg CMJs. However, discrepan-
cies were observed when evaluating the mean JH values.

The JH values were similar for RH and LH when evaluating double-
leg CMJs. However, differences were observed when RH and LH were
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FIG. 1. Jump height values when wearing VERT on waist and
hip location for single- and double leg countermovement jumps.
Note: # significantly higher than RH and LH during double-leg CMJ,
##: significantly lower than RH during left-leg CMJ, ###: significantly
higher than LH during left-leg CMJ.

compared against waist measurements for the double-leg CMJ. In
addition, JH values for waist provided more consistent measurements
for right- and left-leg CMJs while RH and LH showed more variability
(i.e., LH>RH for right-leg CMJs; RH>LH for left-leg CMJs), which
can be visually observed in Figure 1. Current study findings are unable
to determine which wear location is more accurate since a criterion
method was not utilized. Nonetheless, results of the present study
help identify that JH values vary based upon wear location and CMJ
type (single- or double-leg). Accordingly, strength and conditioning
professionals are encouraged to take these findings into consideration
when incorporating VERT devices within an athletic team setting.
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