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Abstract

The purpose of this study was to determine whether squat jump (SJ) force-velocity (FV) and load-
velocity (LV) profiles created using free-weights agree with profiles created with a Smith machine.
Fifteen resistance-trained male subjects (age 5 26.4 6 2.5 years; height 5 1.75 6 0.09 m; body mass 5
82.6 6 13.4 kg) participated in this study. All subjects completed 2 familiarization and 2 experimental
sessions using both the Smith machine and free-weight SJs each separated by 48 hours. During the
experimental trials, progressively loaded SJs were performed in a quasi-randomized block order with
loads between 21 kg and 100% of the subject’s body mass. Agreement between exercise mode was
determined with a weighted least products regression analysis. No fixed or proportional bias was
noted between exercise modes when using peak velocity (PV) and mean velocity (MV) to create an
FV profile. There was no fixed and proportional bias present for the LV profile when the profile was
created with PV. When the LV profile was calculated from MV, fixed and proportional bias were
present, indicating that MVs were significantly different between exercise modes. In addition, the
free-weight FV and LV profiles exhibited poor to good relative and good to poor absolute reliability.
Furthermore, when created using the Smith machine, both profiles exhibited poor to moderate
relative and absolute reliability. Based on these data, caution should be used when interpreting LV
and FV profiles created with these 2 methods.

Key Words: force generation capacity, velocity-based training, training direction, training load
prescription, exercise mode, jump performance



Introduction

Manipulating training variables is critical when creating resistance training programs that are
designed to optimize performance adaptations such as increasing maximum strength, vertical jump,
and sprint performance (*). One possible method for manipulating training variables is to monitor
movement velocity. Fundamentally, the quantification of movement velocity during resistance
training can be used to establish either a load-velocity (LV) or a force-velocity (FV) profile. The LV
profile establishes the relationship between external loads and velocity of movement and can be
used as a programming tool (3¢). As a result of this relationship, some authors have suggested that
the LV profile may be useful for predicting the 1 repetition maximum (1RM) (*!1), whereas others
have questioned the efficacy of this practice (). In addition, it has been proposed that training
programs can be designed based on velocities of movement instead of more traditional practices of
prescribing training load (*°).

When the LV profile is used to program training loads, the athlete is given a targeted movement
velocity and the load on the barbell is manipulated on a set-by-set basis to ensure that the velocity
of movement is maintained (). Alternatively, the FV profile is used as a diagnostic tool, which allows
the coach to determine whether the athlete is force or velocity dominant (*2*%). Based on this
information, the coach can then make programmatic decisions that influence the ability of the
athlete's training program to address the determined deficit (*>!331). Although there is theoretical
and some scientific support for implementing these programming and diagnostic strategies (*>133%),
it is important to note that the accuracy of prescribing loads and training directions based on these
profiles is largely dependent on the accuracy and reliability of the input variables used when
calculating these profile (33).

Several factors can impact the ability to reliably create either the FV or LV profile, including the type
of measurement device, biological factors, loading paradigm used during testing, athlete's maximal
strength levels, exercise used during testing, and exercise mode (**). When considering the exercise
mode (i.e., free-weight vs. machine), it is possible that the increased horizontal displacement
associated with exercises performed with free-weights may negatively impact the reliability of the
velocity measurements made when constructing each profile (1%273%), Conversely, the reduced
horizontal movement associated with using the Smith machine is likely to increase the reliability of
the LV or FV profile (1%%), Although the logic surrounding the difference in horizontal movement
between free-weight and Smith machine squat jumps (SJs) is sound, Garcia-Ramos et al. (°) have
reported that exercise performed with free-weights may result in more reliable data. In particular,
performing the free-weight SJ with progressively increasing loads to determine the slope of the FV
profile was shown to be slightly more reliable (ICC = 0.81-0.82, CV% = 7.2-12.6) when compared
with FV profiles created from SJs performed with a Smith machine (ICC = 0.77-0.82, CV% = 13.0—
14.0) (°). Conversely, Valenzuela et al. (3*) have reported that the theoretical maximal velocity
determined with SJs performed with free-weights is less reliable (ICC = 0.07, CV% = 34.5) than those
achieved when SJs are performed with a Smith machine (ICC =0.77, CV% = 12.6). Because the slope
of the FV profile is impacted by the theoretical maximal velocity, it is likely that the reliability of the
FV profile may be influenced similarly. Because of the conflicting data within the contemporary
scientific literature, further study comparing Sls performed with free-weights and the Smith machine
is warranted.

As the FV profile generated from SJs performed with free-weights or with a Smith machine results in
different FV imbalances (3*) and slopes (), using these 2 tests interchangeably may result in a
misdiagnosis of the athlete's individual FV imbalance. This may lead the coach make an incorrect
training decision, resulting in the wrong deficit being targeted. Therefore, the primary purpose of



this study was to determine whether the FV and LV profiles obtained during SJs performed using
free-weights agree with profiles determined with the use of a Smith machine. Based on the available
literature (1%2%), we hypothesized that there would be agreement between the FV and LV profiles
determined with SJs performed with free-weights and a Smith machine.

Methods
Experimental Approach to the Problem

All subjects performed 4 sessions separated by 48 hours. During session 1, a signed informed
consent form was obtained, and baseline measures including height and body mass (BM) were
collected. The subjects were then randomly assigned to a maximum back squat (1RM) testing order
where they were either first tested with free-weights or the Smith machine. After the strength test
(free-weight or Smith machine), the subjects were comprehensively familiarized with the
corresponding SJ protocol (i.e., free-weight or Smith machine) to ensure all subjects were able to
consistently perform loaded SJs in the mode of exercise tested during the session. During session 2,
the subject’s 1RM squat was determined with the mode not tested in session 1 (free-weight or
Smith machine). As with session 1, a comprehensive SJ familiarization session was performed after
the strength test with the mode (free-weight or Smith machine) of exercise tested during the
session. In session 3, subjects performed Sls using the mode used in session 1 with 6 loads ranging
from 21 kg to 100% of their BM in a quasi-randomized block order. For session 4, subjects repeated
the same loading pattern with the experimental protocol using the mode tested in session 2.

Subjects

Fifteen resistance-trained male subjects (mean + SD, age = 26.4 £ 2.5 years; height =1.75 £ 0.09 m;
BM = 82.6 + 13.4 kg; free-weight back squat 1RM = 1.9 + 0.2 kg'kg™; Smith machine back squat 1RM
=2.0 £ 0.2 kg’kg™?) were recruited to undertake this study. All subjects read and signed an informed
consent form before participating in this research ethics committee approved study in accordance
with Edith Cowan University Human Research Ethics Committee guidelines (Project 20335). To be
included in this study, subjects were required to be free of any injuries that would prevent them
from performing any of the lifting tasks pain-free and with maximum effort and be able to back
squat a minimum of 1.5x BM in both the free-weight and Smith machine back squat. All subjects
were also screened for strength training background with the use of a standardized questionnaire.

Procedures
One Repetition Maximum Testing

The back squat depth, the knee, and hip angles in either the free-weight or Smith machine were
measured using a hand-held goniometer (Exacta Goniometer, CA). During this session, the subjects
self-selected foot width was recorded based on the methods of Tufano et al. (*3) to allow for foot
placement replication during all testing sessions. Briefly, the subjects heal, and toe locations were
photographed with an iPhone (Apple Inc, Cupertino, CA), whereas the subjects were standing on the
force plate, which was marked with a horizontal-vertical grid that intersected at 1-cm intervals. A
standardized dynamic warm-up was then performed followed by the 1RM back squat protocol with
either a standard Olympic barbell (Eleiko, Halmstad, Sweden) or in a Smith machine (Fitness
Technology Inc., Australia; 21-kg bar) according to previously established methods (?). Briefly,
subjects were instructed to squat to the predetermined squat depth, which was defined by an elastic
cord placed at a position corresponding to a 90° knee angle (32), and then stand up as soon as their
gluteus maximus touched the cord. Subjects performed 3 repetitions at 40 and 60% of their



estimated 1RM, then performed 1 repetition at 80, 90, and 100% of the estimated 1RM. At this
point, they attempted their 1RM with the load being adjusted by 0.5- and 2.5-kg increments until
they could no longer successfully perform the lift. All subjects achieved their maximum within five
1RM attempts. Subjects were allowed to use a weightlifting belt, as needed, during both the free-
weight and Smith machine back squat 1RM tests. If a belt was used in the back squat 1RM test, the
subjects were required to use the belt in all remaining testing sessions. After the completion of the
1RM test, subjects performed a comprehensive SJ familiarization session with the same mode used
to test the 1RM. During each familiarization, subjects were randomly exposed to loads from each of
the 3 loading blocks used within this study: (a) ~30% (21 kg), 40%, (b) 60%, 80%, and (c) 100% of
BM. This was performed to ensure that the subjects were familiar with the spectrum of loads used in
this study.

Squat Jump Testing

The SJ starting position and self-selected SJ foot width for either the free-weight or Smith machine
were recorded and standardized for each session using the methods outlined for the back squat
1RM. Before initiating the SJ test, all subjects performed a self-selected dynamic warm-up (i.e., BM
squat, lunge, leg and arm swing, skip, and submaximal SJ) that was recorded and kept consistent in
the remaining session (). After completing their individualized warm-up, all subjects performed a
series of SJs that were divided into 3 progressively increasing blocks: (a) 21 kg, 40%, (b) 60%, 80%,
and (c) 100% of BM. The loads in each block were randomized, and the blocks were performed in an
ascending order (i.e., from block 1 to block 3). Subjects performed 2 SJs with 1 minute between
jumps and were given 2 minutes of recovery between loads (*®). During all SJs, subjects were
required to place the barbell across their shoulders and maintain contact with the barbell during
each jump. When performing the Smith machine SJs, the initial load was 21 kg (25.5 + 4.5% of BM),
and the load was adjusted for each % of BM required. During the free-weight SJ, 0.5 kgs were added
to each side of the barbell to make the weight on the barbell equal to 21 kg to align with the barbell
weight in the Smith machine. During both modes of testing, subjects were instructed to squat down
to an elastic cord set at their previously determined 90° knee angle (). This position was held for 2
seconds, to remove the influence of the stretch-shortening cycle, and then the subjects jumped
maximally when instructed to “Jump!”. Repetitions were repeated if the investigator observed the
barbell leaving the subject's shoulders or if a visually obvious countermovement before initiation of
the propulsive phase was present during real-time force trace observation (%). To limit fatigue, no
more than 3 trials (mean = 2.24 + 0.15 trials) were performed at any given load. All trials were
performed while standing on dual portable force plates (PS-2141; PASCO Scientific, CA), with vertical
ground reaction forces collected at 1000 Hz using PASCO Capstone software (version 2.2.1 PASCO
Scientific).

Data Analysis

All data were analyzed as an unfiltered summated force-time curve in a custom Excel spreadsheet
(Microsoft, Redmond, WA). The start of the jump was identified as the point at which force
exceeded system weight (SW) + 5 SDs, where SW was calculated as the average force during a 1-
second “quiet standing” period. Take-off was then identified using the three-step process outlined
by Lake et al. (*8). The portion of the force-time curve between the start of the jump and take-off
was defined as the concentric phase. The velocity of the system center of mass was calculated by
dividing the net force by system mass and integrating the acceleration-time record using the
trapezoid rule (*). PV was defined as the highest instantaneous velocity, and MV was defined as
average velocity during the concentric phase, respectively (*%). The trial with the highest PV in



each exercise mode was carried forward for the agreement analysis, whereas both trials were used
for the analysis of within-session reliability (*7).

A custom Excel spreadsheet (Microsoft, Redmond, WA) was used to perform individualized linear
regression analyses of the velocity and force, as well as velocity and load, values obtained from each
of the SJs performed across the load spectrum. These analyses were used to determine the
theoretical maximum force (Fo), theoretical maximum load (Lo), theoretical maximum velocity (Vo),
and slope of these profiles (1#16252%), The trial with the highest PV at each load tested was used for
the agreement analysis, whereas both trials collected at each load were used for the within-session
reliability analyses.

Statistical Analyses

Normality of distribution was assessed using the Shapiro-Wilk test and visual inspection of Q-Q plots.
Agreement between free-weight and Smith machine SJ-PF, -PV, -MF, and -MV at each load, as well
as Fo, Vo, Lo, and slope of both profiles, was assessed using weighted least products regression (%1).
Fixed bias was present if the 95% confidence intervals (Cls) for the intercept did not include zero,
whereas proportional bias was present if the 95% Cls for the slope did not include 1 (3!). Weighted
least products regression analyses were performed in SPSS 26.0 (IBM Corp, NY) (?). Test-retest
reliability was determined by calculating the intraclass correlation coefficient (ICC; type 3,1),
coefficient of variation (CV), and 95% Cls in an Excel spreadsheet (°). ICC 95% Cl lower bound values
were interpreted as poor (<0.5), moderate (0.5-0.75), good (>0.75-0.9), and excellent (>0.9) (**). The
magnitude of the CV was interpreted as poor (>10%), moderate (5-10%), and good (<5%) (°).

Results

There was no fixed or proportional bias present for the FV profile variables calculated with PV and PF
as well as MV and MF when SJs were performed with the different exercise modes (Table 1). In
addition, no fixed or proportional bias was present for the LV profile variables between exercise
modes when determined with PV. Fixed and proportional bias was present for Vo, and slope of the
LV profile as well as proportional bias was present for Lo when these were calculated with MV, which
shows that there were significant fixed and proportional differences between the predicted and
actual values.

No fixed or proportional bias was present for PV and MV between exercise modes across all loads
(Table 2). In addition, there was no fixed or proportional bias present between the free-weight and
Smith machine for PF across all loads (Table 3). However, when MF was compared between the free-
weight and Smith machine, there was fixed and proportional bias present at 100% of BM.



Table 1 - Comparison of the FV and LV profile variables determined from the free-weight and Smith
machine squat jumps.””

Peak velocity Mean velocity
Slope (95% C1) Intercept (95% CI) slope (95% CI) Intercept (95% Cl)
FV
Vg 1129 (0.790, -0.577 (-2.103, 0.948) 0.289 (0.281, 1.686) -0176 (-1.488, 1.137)
1.469)
Fp 0.959 (0.278, 1.000 (-2,342.653, 0.879 (-0.027, 1.785) 1.000 (-2,795.153, 2,797.153)
1.641) 2,344.653)
Slope 1102 (0.347, 157171 (-415.825, 730.167) 0.782 (0.063, 1.501) 70.317 (-1055.060,
1.858) 1195.695)
LV
Vo 0.923 (0.456, 0.162 (-0.925, 1.250) 0.005 (-0.243, 0.952 (0.441, 1.463)%
1.390) 0.292)§
Ly 1.015 (0.633, -13.369 (-98.905, 72.167) 0.053 (-0.004, 0.111)§ -5.496 (-211.483, 200.49)
1.398)
Slope 0.909 (0.540, -7.392 (-41.85%, 27.069) -0.090 (-0.157, -320.328 (-422.467,
1.278) -0.023)8 -218.189)t

“CI = confidence interval; FV = force-velocity; LV = load-velocity.

"If the 95% Cl for the intercept does not include 0, there is fixed bias present; if the 95% Ci for slope does not include 1.0, there is
proportional bias present.

%Fixed bias was present,
fproportional bias was present.

Table 2 - Comparison of the peak and mean velocity during the free-weight and Smith machine squat
jumps.”

Peak velocity Mean velocity
Load Slope (95% CI) Intercept (95% Cl) Slope (95% ClI) Intercept (95% CI)
21kg 1.035 (0.499, 1.570) -0.097 (-1.227, 1.033) 1.248 (0.694, 1.801) -0.224 (-0.746, 0.297)
40% BM 0.914 (0.536, 1.291) 0.153 (-0.604, 0.910) 1.3332 (0.320, 2.346) -0.324 (--1.284, 0.636)
0% BM 0.788 (0.298, 1.278) 0.333 (-0.533, 1.218) 1.368 (0.869, 1.868) -0.354 (-0.762, 0.054)
80% BM 1.059 (0.725, 1.392) -0.133 (-0.718, 0.453) 0.879 (0.363, 1.396) 0.132 (-0.272, 0.537)
100% BM 1.059 (0.615, 1.502) -0.152 (-0.902, 0.598) 1.026 (0.196, 1.8586) -0.020 (-0.599, 0.599)

“Cl = confidence interval; BM = body mass.

"I the 95% Cl for the intercept does not include 0, there is fixed bias present; if the 95% CI for slope does not include 1.0, there is
proportional bias present.



Table 3 - Comparison of the peak and mean force during the free-weight and Smith machine squat
jumps.”

Peak force Mean force
Load Slope (95% Cl) Intercept (95% CI) Slope (95% Cl) Intercept (95% CI)
ke 0.955 (0.932, 1.059) 1.000 (-99.962, 101.962) 0.991(0.759, 1.223) 1.000 (-357.133, 359.133)
40% BM 0.997 (0.918, 1.076) 1.000 (-170.195, 172.195) 0.987 (0.818, 1.157) 1.000 (-289.360, 291.360)
60% BM 0.982 (0,951, 1.013) 1.000 (1.000, 1.000) 0.975 (0.756, 1.270) 1.000 (-409.301, 411.301)
80% BM 0.971(0.9286, 1.017) 1.000 (-98.334, 100.334)  0.986 (0.702, 1.270) 1.000 (-562.354, 564.354)
100% BM 1.003 (0.814, 1.192) 1.000 (-488.177, 490.117) 1123 (1.095,1151)8  -243.795 (-282.097. -205.494)%

“C1 = confidence interval; BM = body mass.

"If the 95% Cl for the intercept does not include 0, there is fixed bias present; if the 95% CI for slope does not include 1.0, there is
proportional bias present.

*Fixed bias was present.
Sproportional bias was present.

When the SJ was performed using free-weights, moderate to good relative reliability and good
absolute reliability were displayed for PV at each load (Figure 1A). When the SJ was performed in the
Smith machine, moderate to good relative reliability and moderate to good absolute reliability were
exhibited for PV (Figure 1B).

When MV was measured during the free-weight SJ, moderate to good relative reliability and poor to
moderate absolute reliability were exhibited at each load (Figure 1C). There was moderate to good
relative reliability and poor to moderate absolute reliability when MV determined during Smith
machine SJs (Figure 1D).

In addition, when the FV profile was calculated using PF and PV values obtained from SJs performed
with a Smith machine, there was poor relative and absolute reliability for the Fo, moderate relative
reliability and poor absolute reliability for the Vo, and poor relative and absolute reliability for the
slope (Figure 2B). When the FV profile was created using PF and PV values obtained from the free-
weight SJ, there was moderate relative reliability and poor absolute reliability for Fo, Vo, and poor
relative and absolute reliability for the slope (Figure 2A).

Furthermore, when the MF and MV obtained from SJs performed with a Smith machine were used
to calculate the FV profile, there was a poor relative and absolute reliability for Fo, poor relative and
absolute reliability for the Vo, and poor relative and absolute reliability for the slope (Figure 2D).
When MF and MV from SJs performed with free-weights were used to create an FV profile, there
was a poor relative and absolute reliability for Fo, moderate relative reliability and poor absolute
reliability for the Vo, and poor relative and absolute reliability for the slope (Figure 2C).
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Figure 1. Comparison of the reliability of peak (PV) and mean velocity (MV) during a squat jump
between the free-weight and Smith machine. A) ICC and CV% for the PV free-weight SJ, (B) ICC and
CV% for the PV Smith machine SJ, (C) ICC and CV% for the MV free-weight SJ, and (D) ICC and CV%
for the MV Smith machine SJ. The shaded areas represent the levels of relative and absolute
reliability (ICC <0.5 = poor, not shaded; ICC 0.5-0.75 = moderate, shaded in light gray; ICC >0.75-0.9
= good, shaded in medium gray; ICC >0.9 = excellent, shaded in dark gray; CV <5% = good, shaded in
medium gray; CV 5-10% = moderate, shaded in medium gray; and CV >10% = poor, shaded in white);
error bars represent 95% confidence intervals, ICC = intraclass correlation, CV% = coefficient
variation, %BM = percent body mass.
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When the LV profile was determined based on SJ PV determined using the Smith machine, there was
poor relative and absolute reliability for Lo, good relative reliability and moderate absolute reliability
for Vo, and poor relative and absolute reliability for the slope (Figure 3B). When free-weights were
used to create the LV profile using PV, there was a moderate relative reliability and poor absolute
reliability for Lo, good relative and absolute reliability for Vo, and moderate relative reliability and
poor absolute reliability for the slope (Figure 3A).

When the LV profile variables determined based on Sls performed in a Smith machine were
calculated using MV, poor relative and absolute reliability was exhibited for Lo, moderate relative
and absolute reliability for the Vo, and poor relative and absolute reliability for the slope (Figure 3D).
When the free-weights were used to calculate the LV profile using MV, there was moderate relative
reliability and poor absolute reliability for Lo, good relative reliability and moderate absolute
reliability for the Vo, and poor relative and absolute reliability for the slope (Figure 3C).
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Figure 2. Comparison of the reliability of the FV profile variables during a squat jump between the
free-weight and Smith machine when calculated from peak velocity (PV) and force (PF) as well as
mean velocity (MV) and force (MF). A) ICC and CV% for the free-weight SJ with PV and PF, (B) ICC
and CV% for the Smith machine SJ with PV and PF, (C) ICC and CV% for the free-weight SJ with MV
and MF, and (D) ICC and CV% for the Smith machine SJ with MV and MF. The shaded areas represent
the levels of relative and absolute reliability (ICC <0.5 = poor, not shaded; ICC 0.5-0.75 = moderate,
shaded in light gray; ICC >0.75—-0.9 = good, shaded in medium gray; ICC >0.9 = excellent, shaded in
dark gray; CV <5% = good, shaded in medium gray; CV 5-10% = moderate, shaded in medium gray;
and CV >10% = poor, shaded in white); error bars represent 95% confidence intervals, ICC =
intraclass correlation, CV% = coefficient variation, %BM = percent body mass.
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_Figure 3. Comparison of the reliability of the VL profile variables during a squat jump between the
free-weight and Smith machine when calculated from peak (PV) and mean velocity (MV). A) ICC and
CV% for the PV free-weight SJ, (B) ICC and CV% for the PV Smith machine SJ, (C) ICC and CV% for the
MV free-weight SJ, and (D) ICC and CV% for the MV Smith machine SJ. The shaded areas represent
the levels of relative and absolute reliability (ICC <0.5 = poor, not shaded; ICC 0.5-0.75 = moderate,
shaded in light gray; ICC >0.75-0.9 = good, shaded in medium gray; ICC >0.9 = excellent, shaded in
dark gray; CV <5% = good, shaded in medium gray; CV 5-10% = moderate, shaded in medium gray;
and CV >10% = poor, shaded in white); error bars represent 95% confidence intervals, ICC =
intraclass correlation, CV% = coefficient variation, %BM = percent body mass.
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Discussion

The primary purpose of this study was to determine the level of agreement between the FV and LV
profiles created from SJs performed with either free-weights or a Smith machine. The primary
finding of this study was that the FV profiles created with free-weights and the Smith machine
agreed regardless of whether PF or MF and PV or MV were used to create these profiles.
Furthermore, there was agreement between the LV profiles determined with the use of free-weights
and the Smith machine when PV was used to create the profile. However, when MV was used to
create the LV profile, there was a lack of agreement between the profiles. The secondary purpose of
this study was to determine whether there are differences in the reliability of the FV and LV profiles
created with each exercise mode. When free-weights were used to create these profiles, there was
poor to good relative and absolute reliability, regardless of whether PV or MV was used. When the
Smith machine was used to create these profiles, there was poor to moderate relative and absolute
reliability, regardless of whether PV or MV was used.

To the best of authors' knowledge, there is limited research that directly investigates the agreement
between FV profiles created from Sls performed with free-weights and within a Smith machine (53%).
Although previous studies have attempted to compare the impact of exercise mode on the ability to
create an FV profile (3%), the statistical methods used in these studies make it difficult to compare
with the results of this study (°3*). For example, Valenzuela et al. (3%) reported that when FV profiles
are calculated based on the MV and MF, there were differences in Vo (ICC =0.20, p = 0.104), Fo (ICC =
0.45, p = 0.008), and FV imbalance (ICC = 0.22, p = 0.025) between the profiles performed with free-
weights and with a Smith machine. Although there is no consensus on which statistical test is most
appropriate for the assessment of agreement between measures, there are limitations associated
with using correlational analyses (2>2%37). The principal limitation of these methods is that they are
unable to determine both fixed (i.e., a constant difference between criterion [Smith machine] and
the value predicted by the alternative method [free-weights]) and proportional bias (a difference
between the criterion [Smith machine] and the alternative method [free-weights] that increases in
proportion to the magnitude of the measure) (?%?!). Because of these limitations, it has been
recommended that method comparisons use a least products regression analysis because this
method allows the investigator to establish whether the predicted values are the same, both from a
fixed and proportional bias perspective (2*%2).

In another study that examined the differences between the FV profiles created with Sls performed
with free-weights or within a Smith machine, it was reported that there were differences between
the slope of the FV profiles created with MF and MV determined with each mode of exercise (°).
Based on these findings, it might be suggested that the FV profiles determined from SJs performed
with these 2 modes of exercise cannot be used interchangeably. In contrast to the findings of Garcia-
Ramos et al. (6), we determined that the FV profile created from SJs performed with free-weights can
be used interchangeably with the FV profile that was created with the Smith machine. This
conclusion was based on the fact that regardless of if PV and PF or MV and MF was used to create
the FV profile, there was no fixed or proportional bias present. As Garcia-Ramos et al. (°) used a
statistical approach that was unable to determine bias, it is difficult to determine whether their data
also exhibit the same lack of bias between exercise modes as this study.

Although there are no known studies that have directly compared the impact of using different
exercise modes to develop an SJ LV profile, there are studies that have examined the creation of
these profiles with free-weights (*3) or with a Smith machine (’) in isolation. For example, Kotani et
al. (*) reported that when a free-weight SJ LV profile was created from PV obtained from a force
plate, the profile was not reliable between days. Conversely, Garcia-Ramos et al. (7) reported that



when the LV profile was created with SJs performed within a Smith machine, there is a higher
reliability based on a lower CV% (PV = 2.0-2.8) and a higher ICC (PV = 0.97-0.99). Because of these
divergent findings, it is possible that there may also be differences in the slope of the LV profile and
reliability of the velocity measurements, which may impact the level of agreement between profiles
created with each mode. In this study, there was agreement between the LV profile created from PV
determined with SJs performed with either free-weights or the Smith machine. Based on the lack of
fixed or proportional bias between these exercise modes, it seems that these 2 profiles can be used
interchangeably. Conversely, when MV is used to construct these profiles, there is a lack of
agreement between these modes of exercise. Specifically, SJ LV profiles created with free-weights or
a Smith machine should not be used interchangeably because of the presence of fixed and
proportional bias between the predicted and actual values. Because of the lack of existing research
examining the agreement between free-weight and Smith machine SJs, further investigation is
warranted to verify the findings of this study.

Although some research has been presented in the scientific literature that has examined the
reliability of the SJ FV profile, to the best of our knowledge, there is limited research looking at the
reliability of the SJ LV profile (*¢). In this study, when PV was used to create the LV profile, there was
poor to good relative and absolute reliability regardless of the mode of exercise. When MV was used
to create the LV profile, there was poor to moderate relative and absolute reliability regardless

of exercise mode. These results are similar to those reported by Kotani et al. (*¢), who evaluated the
reliability of the LV profile created by measuring PVs and MVs with a series of progressively
increasing loads determined during free-weight SJs performed on a force platform. Specifically,
Kotani et al. (*®) reported poor to moderate reliability when PV (ICC = 0.83, CV% = 10.7) and MV (ICC
=0.77, CV% = 15.1) are used to create the SJ LV profile. Based on the reliabilities presented in this
study and the study by Kotani et al. (), strength and conditioning professionals must consider the
impact of reliability on the utility of the LV profile and potentially avoid using these profiles to guide
training decisions or prescribe loads for the SJ.

Although we have reported that FV and LV profiles created with SJs agree when performed with
free-weights or with a Smith machine, there are several potential limitations to our study. Although
we attempted to ensure our subjects were comprehensively familiarized with the SJ protocols used,
it is possible based on the work of Meylan et al. (?*) that more familiarization sessions may have
been warranted in order maximize the reliability of the FV and LV profile measurements. Although
increasing the number of familiarization session would directly impact the reliability of the various
measurements, it is unlikely that this impacted the levels of agreement between the modes used to
create the FV and LV profiles. In addition, based on the fact that we used percentages of BM to
provide the loads that were used to create the FV and LV profiles, we cannot discount the impact of
maximal strength on the reliability of the measures. As such, future research should examine the
impact of maximal strength on the FV and LV profiles by comparing profiles created based on
absolute loads, percentages of BM, and percentages of 1RM back squat.



Practical Applications

Based on the results of this study, there was agreement between the FV profiles created for SJs
performed with free-weights and a Smith machine regardless of whether PV and PF or MV and MF
were used. In addition, the LV profile for progressively loaded SJs only displayed agreement between
exercise modes when the profile was calculated with PV. Based on these findings, it can be
recommended that FV profiles can be created from SJs performed with progressively increasing
loads on either free-weights or a Smith machine. When LV profiles are created from progressively
loaded SJs, only profiles created from PV can be used interchangeably.
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