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1,3

1Department of Physical Education and Sport, Faculty of Sport Sciences, University of Granada, Granada, Spain; 2Human
Performance Laboratory, Directorate of Sport, Exercise and Physiotherapy, University of Salford, Greater Manchester, United
Kingdom; and 3Faculty of Education, Catholic University of the Most Holy Conception, Concepción, Chile

ABSTRACT

Pérez-Castilla, A, McMahon, JJ, Comfort, P, and Garcı́a-Ramos,

A. Assessment of loaded squat jump height with a free-weight

barbell and Smith machine: comparison of the takeoff velocity

and flight time procedures. J Strength Cond Res 34(3): 671–

677, 2020—The aims of this study were to compare the reli-

ability and magnitude of jump height between the 2 standard

procedures of analyzing force platform data to estimate jump

height (takeoff velocity [TOV] and flight time [FT]) in the loaded

squat jump (SJ) exercise performed with a free-weight barbell

and in a Smith machine. Twenty-three collegiate men (age,

23.1 6 3.2 years; body mass, 74.7 6 7.3 kg; height, 177.1 6

7.0 cm) were tested twice for each SJ type (free-weight barbell

and Smith machine) with 17-, 30-, 45-, 60-, and 75-kg loads.

No substantial differences in reliability were observed between

the TOV (coefficient of variation [CV], 9.88%; intraclass corre-

lation coefficient [ICC], 0.82) and FT (CV, 8.68%; ICC, 0.88)

procedures (CV ratio, 1.14), whereas the Smith SJ (CV,

7.74%; ICC, 0.87) revealed a higher reliability than the free-

weight SJ (CV, 9.88%; ICC, 0.81; CV ratio, 1.28). The TOV

procedure provided higher magnitudes of jump height than the

FT procedure for the loaded Smith machine SJ (systematic

bias, 2.64 cm; p # 0.05), whereas no significant differences

between the TOV and FT procedures were observed in the

free-weight SJ exercise (systematic bias, 0.26 cm; p . 0.05).

Heteroscedasticity of the errors was observed for the Smith

machine SJ (r2 = 0.177) with increasing differences in favor

of the TOV procedure for the trials with lower jump height

(i.e., higher external loads). Based on these results, the use

of a Smith machine in conjunction with the FT more accurately

determine jump height during the loaded SJ.

KEY WORDS force platform, reliability, vertical jump

INTRODUCTION

T
he vertical jump has received a lot of attention as
a potential exercise for exploring lower-body mus-
cle function (8,17,22). The variable most com-
monly assessed is vertical jump height (21,28).

The use of vertical jump height as the main indicator of
vertical jump performance could be justified by the strong
correlations observed between vertical jump height and
competitive performance in different sports (4,34–36). In this
regard, vertical jump height is frequently assessed to evaluate
the effectiveness of various training and rehabilitation inter-
ventions (6,11,18).

The force platform is one of the measurement tools most
commonly used to assess vertical jump height (20). Two stan-
dard procedures can be used to estimate vertical jump height
from the force platform data: the takeoff velocity (TOV) and
the flight time (FT). The TOV procedure has been suggested
to be the most accurate to determine vertical jump height
(20,25). However, the precise estimation of vertical jump
height from the TOV requires an accurate determination of
the body or system mass from the force-time recording com-
monly taken during the quiet standing period that precedes
the initiation of the jump. On the other hand, the precision of
the FT procedure is compromised when the subjects do not
land with their lower limbs fully extended (1,25). Although
both the TOVand FT procedures have been extensively used,
there is a shortage of knowledge regarding which of the 2
procedures is able to determine jump height with higher reli-
ability, particularly during loaded vertical jumps.

The squat jump (SJ) is an exercise commonly used for
training and testing the lower-body muscles because the
ability to quickly accelerate the body from a resting position
is important in many sports (30). Similarly, the SJ is also used
to evaluate the ability of the subjects to exert force against
different external loads (12,18). The loaded SJ has been typ-
ically performed with both a free-weight barbell (the barbell
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is free to move in any direction) and a Smith machine (the
displacement of the barbell is restricted to a vertical
direction) (19,27,32). However, the reliability of jump height
performance between both SJ types has not been explored
yet. It is also unknown whether differences exist in the mag-
nitude of jump height performance between the TOV and
FT procedures in the loaded SJ exercise and whether these
possible differences could be dependent of the loaded SJ type
evaluated (free-weight barbell vs. Smith machine) or the
applied external load.

To address the existing gaps in the literature, the specific
aims of the present study were (a) to determine the between-
session reliability of jump height performance calculated
from TOV and FT procedures in the loaded SJ performed
with a free-weight barbell and with a Smith machine and (b)
to compare the jump height performance between the TOV
and FT procedures for each SJ type. We hypothesized that
(a) the TOV procedure would provide a higher reliability
than the FT procedure because of a minor influence of the
execution technique (25), as well as the use of a Smith
machine would provide jump height performance with high-
er reliability because of the reduction in the kinematic redun-
dancy, and (b) although similar jump height performance
would be obtained by the TOV and FT procedures with
the free-weight barbell loaded SJ exercise, the TOV proce-
dure would overestimate the jump height compared with the
FT procedure in the Smith machine–loaded SJ exercise
because of the effect of the friction force with the 2 linear
bearings of the Smith machine vertical bars.

METHODS

Experimental Approach to the Problem

A repeated-measures design was used to compare the reliability
and magnitude of jump height performance between the 2
standard procedures of analyzing force platform data to
estimate jump height: TOV and FT. After 2 familiarization
sessions, subjects undertook 4 testing sessions (twice per week)
over 2 weeks with 48–72 hours of rest between them. In a coun-
terbalanced order, they performed 2 sessions of the loaded SJ
exercise with a free-weight barbell over 1 week and 2 sessions
of the loaded SJ exercise with a Smith machine in another
week. All sessions were conducted in the laboratory under
the direct supervision of a skilled investigator, at the same time
of day for each subject (61 hour) and under similar environ-
mental conditions (;228 C and ;60% humidity).

Subjects

Twenty-three collegiate men (mean 6 SD: age, 23.1 6 3.2
years [range: 20–31 years]; body mass, 74.7 6 7.3 kg; height,
177.1 6 7.0 cm) volunteered to take part in this study. All
subjects were physically active sports science students with
a minimum of 2 years of resistance training experience. Sub-
jects were instructed to avoid any strenuous exercise over the
course of the present study. None of them reported physical
limitations, health problems or musculoskeletal

injuries that could compromise tested performance. All sub-
jects were informed of the benefits and risks of the investi-
gations before signing an informed consent form in
accordance with the University of Granada institutional
review board and The Code of Ethics of the World Medical
Association (Declaration of Helsinki).

Procedures

Subjects arrived at the laboratory in a well-rested condition at
the start of each testing session. Before the commencement of
testing, they performed a 10-minute standardized warm-up that
included light jogging, joint mobility, dynamic stretching, 6
unloaded SJ, and 3 loaded SJ with 17 kg (mass of the unloaded
Smith machine barbell) in the assessed exercise. Thereafter,
either the free-weight barbell or Smith machine loaded SJ
exercises against external loads of 17, 30, 45, 60, and 75 kg were
performed. The maximum tested load was 75 kg because all
subjects were able to jump with correct technique with this
load or more during familiarization sessions. The external loads
were applied in a randomized order, but the same sequence of
individual loads was maintained for each subject through all
testing sessions. Two repetitions were recorded at each load.
Rest periods of 3–4 minutes between the trials of both the same
and different loads were implemented.

The loaded SJ technique involved the subjects standing with
the knees and hips fully extended, feet approximately shoulder-
width apart, and the barbell held across the top of the shoulders
and upper back. Thereafter, they descended in a continuous
motion until reaching 908 of knee flexion (24). Subjects were
instructed to hold the static position at 908 knee flexion for 1.5
seconds, and afterward, they performed the concentric action
with the instruction of maximizing vertical jump height (9).
Countermovement was verbally restricted and carefully checked
after each trial through the examination of the force-time curve.
Subjects were also instructed to land with the hips and knees
extended and the ankle joints in plantar flexion. If these criteria
were not met, the trial was repeated. Trained spotters were
present to verbally encourage the subjects throughout the test,
and lifting belts were used to ensure safety. Two loaded SJ types
were performed: (a) free-weight barbell SJ in which the load was
free to move in any direction without imposing any restriction
to the movement (29) and (b) Smith machine SJ in which the
movement of the barbell was restricted to the vertical direction
by the 2 linear bearings of the Smith machine (14).

Data Analysis. Vertical jumps were performed on a force
platform (Dinascan/IBV; Biomechanics Institute of Valencia,
Valencia, Spain) that sampled the vertical ground reaction force
data at a frequency of 1,000 Hz (33). Two standard procedures
were used to calculate jump height from the force platform data.

TakeOff Velocity. Before each jump, subjects were weighed
over 4 seconds with the external load over their shoulders to
determine the total system weight (sum of body weight and
external weight). The initiation of the concentric phase was

Loaded Squat Jump Height Determination
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