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Abstract
Calaway, CC, Martinez, KJ, Calzada Bichili, AR, Caplan, JH, Milgrim, WP, Mann, JB, Haq, I, and Signorile, JF. Velocity-based
training affects function, strength, and power in persons with Parkinson’s disease. J Strength Cond Res 38(10): 1800–1807,
2024—Velocity-based training (VBT) is commonly associated with high-level athletes. No study has examined the effects of VBT on
performance in persons with Parkinson’s disease (PD). The objective of the study was to compare the effects of 10 and 30%
velocity-loss threshold protocols on changes in functional performance, strength, and power in persons with PD after 12 weeks of
supervised VBT, 3 days per week. Twenty-one subjects with PD (72.96 5.9 y) were randomly assigned to the 10%or 30% velocity-
loss threshold group and performed the 6-m walk test at habitual and maximal gait speed (6MWTMax), the 5 time sit-to-stand test
(53 STS), 1 repetition maximum (1RM), and peak power (PP) testing for the chest press (CP) and leg press (LP) exercise. A mixed
ANOVA with significance was set a priori at 0.05 revealed that significant time effects were seen for the 6MWT at maximal speed
(MDiff 6 SD 5 0.22 6 0.04 m·s21, p , 0.001), 5-time sit-to-stand time (21.48 6 0.45 seconds, p 5 0.005) and power (75.5 6
22.7W, p5 0.005), 1RM for CP (5.16 1.1 kg, p, 0.001) and LP (12.66 3.7 kg, p5 0.005), and LP-PP (43.66 13.2W,p5 0.006).
Secondary analyses revealed time effects for the load at which PP was achieved for the CP exercise. A Wilcoxon signed-rank test
revealed no significant differences in the percentage of 1RM at which PP was achieved for either condition. Results indicate that
VBT is an effective training modality for improving functional capacity, strength, and power in persons with PD; however, shifts in
force-velocity relationships were not evidenced.
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Introduction

Deficits in muscular power (force 3 velocity) are major neuro-
muscular factors responsible for declines in function in people
with Parkinson’s disease (PD), which can significantly decrease
quality of life and functional independence (4). These deficits are
most apparent when moving light to moderate loads, where ve-
locity is the dominant factor affecting power production (28). In
patients with PD, Nogaki et al. (24) demonstrated lower iso-
kinetic force production with increased testing speeds for the
more affected vs. less affected leg. Additionally, Allen et al. (4)
noted that the muscle power at lighter loads was dependent on
both strength and movement velocity, whereas power at higher
loadswas dependent on strength alone. These results demonstrate
the need to target movement speed when designing programs to
increase power in people with PD.

Power output is also a moderator of the quality of life in people
with PD. For example, Allen et al. (4) reported that increases in
power produced greater improvements in walking speed than
increases in muscular strength. These researchers also noted that
the ability to generate force quickly is required for the perfor-
mance of many activities of daily living (4). Additionally, with
age, power declines at nearly twice the rate of strength (31),
thereby compounding the functional declines in persons with PD,

as the onset of the disease typically occurs after the age of 60.
Furthermore, positive changes have been shown after power
training in the self-reported Parkinson’s disease questionnaire,
which is a measure of health-related quality of life and well-being
(22,32).

Power training using pneumatic resistance machines is an ex-
ercise strategy that has been used successfully in older adults with
PD (10,22,23,32). Ni et al. (22) demonstrated that high-speed
power training significantly improved upper and lower limb
bradykinesia scores, 1 repetition maximum (1RM) strength, and
peak power (PP) (p , 0.05) above changes in inactive controls,
which significantly improved the overall score and the mobility,
activities of daily living, and social support subsections of the
Parkinson’s disease questionnaire (22). Cherup et al. (10) also
demonstrated comparable significant reductions in neuromus-
cular deficits using strength training and power training, in PD
subjects, whereas Strand et al. (32) reported significant
improvements in the 30 s sit-to-stand (p 5 0.002), seated medi-
cine ball throw (p5 0.003), the Mini-BEST test (p, 0.001), and
upper-body (p 5 0.002) and lower-body strength (p , 0.001) as
the result a periodized resistance training program that included
a power training cycle.

Although power training has been demonstrated to be a viable
exercise intervention intended to reduce neuromuscular symp-
toms in people with PD, it commonly uses the ability to complete
increasingly higher loads to dictate progression. In contrast,
velocity-based training (VBT), commonly used to increase power
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and movement velocity in competitive athletes, uses velocity,
rather than load, as the criterion that dictates changes in loads as
training progresses (30). This innovative training strategy allows
practitioners to concentrate on deficiencies in velocity rather than
load during training (30). Given its effectiveness in athletic pop-
ulations (15,19,29), VBT has the potential to dramatically de-
crease neuromuscular symptoms in people with PD because of its
unique capacity to target movement velocity.

Given the unique capacity of VBT to target velocity, we ex-
amined the effects of VBT on neuromuscular performance in
a sample of older individuals with PD. Because Ni et al. (22)
demonstrated shifts in the load-velocity spectrum using tradi-
tional power training, we hypothesized that VBT protocols that
allowed a 10% decline in movement velocity (10% velocity loss
threshold [10% VLT]) would produce greater shifts towards the
velocity end of the load-velocity spectrum thanVBTwhere a 30%
VLT was employed. Further, we hypothesized that VBT training,
regardless of the threshold used, would positively affect maximal
strength, power, and functional capability.

Methods

Experimental Approach to the Problem

This study used a randomized parallel design with 2 active arms.
All testing and training were completed in the laboratory. Func-
tional performance was assessed using the 6-m walk test per-
formed at perceived maximal and habitual speeds and the 5-time
sit-to-stand (5xSTS). Neuromuscular leg press and chest press
performances were assessed using information derived from the
HUR computerized pneumatic machine spreadsheets (HUR Inc.,
Park Ridge, IL), including PP, 1 RM strength, load at which PP
occurred, and percentage of 1RM at which PP occurred (%
1RMPP). Testing took place during the 2 weeks preceding and
2 weeks after the 8-week VBT intervention. Subjects were strati-
fied by sex and randomized into either a group permitting a 10%
VLT (n5 10) or a group allowed a 30%VLT (n5 11). The 10%
VLT intervention required the subject to maintain 90% of the
velocity they produced at their optimal load for power across 3
sets of 8 repetitions. If a subject failed to maintain that threshold,
the set was stopped. In practice, the 10%VLT dictated occasional
reductions in load in favor of maintaining the targeted movement
velocity. In contrast, the 30% VLT protocol allowed the subject
to continue a training set until they could no longermaintain 70%
of the velocity they produced at optimal load for power for three
8-repetition sets. This allowed more repetitions and, therefore,
more substantial increases in load while still targeting velocity.
Subjects trained 3 times per week using 10 exercises including leg
press, chest press, seated leg curl, lat pull-down, shoulder press,
hip abduction and adduction, seated row, triceps push-down, and
bicep curl. All exercises were performed on the HUR computer-
ized pneumatic resistance machines.

Subjects

Sixty older individuals (.60 years) previously diagnosed with PD
(determined throughMDSUPDRS testing and verbal confirmation
of diagnosis from the subject) were recruited to participate in this
study. Of those contacted, 23 agreed to participate. The study was
approved by the University of Miami, Coral Gables, FL In-
stitutional Review Board, and all potential subjects were informed
of the associated benefits and risks before signing an institutionally
approved informed consent form. Subjects were recruited from the

university population and from individuals residing in surrounding
neighborhoods using flyers and from a phone list of persons who
had expressed interest in participation. Inclusion criteria included
planning to reside in the area for the duration of the study, Hoehn
and Yahr stages 1–3 with stable use of medication (subjects
reported consistent use of medication). Exclusion criteria included
cognitive impairment (,23 score on the Montreal Cognitive As-
sessment); a history of any neuromuscular disorders other than PD;
recent lower limb injury or surgery; or a history of serious car-
diovascular or other systemic diseases not controlled through
medication. Before the intervention, subjects completed the In-
ternational Physical Activity Questionnaire, which measures the
numbers of hours per week in which subjects engaged in vigorous
and moderate activity, and walking and sitting (12).

Procedures

Functional Testing. The 6-m walk tests at habitual (6MWTHab)
and maximal (6MWTMax) speeds were assessed using electronic
timing gates (SpeedTrap, Brower Timing Systems, Draper, UT) to
evaluate subjects’ gait speed (18). Subjects were instructed to
stand on a starting line at the 0 m mark and the test started after
the investigator’s “3, 2, 1, Go!” cue. Timing gates were placed at
the 2- and 8-m marks to reduce the impact of acceleration or
deceleration on the results. Subjects performed 1 practice trial and
2 actual trials for each test. The best of the 2 times for each test
was recorded. Habitual and fast gait speeds demonstrated ex-
cellent reliability in persons with PD between sessions (ICC 5
0.92 and 0.96, respectively).

The 5xSTS test has been used as a measure of functional lower-
body strength in PD (7). Subjects were given 1 practice trial and 2
actual trials, each separated by a 1-minute rest. The lowest of
these 2 trial times was recorded. According to Duncan et al. (16),
test-retest reliability for the 5XSTS is considered high (ICC 5
0.76). Power outputs for the 5xSTS were computed using the
equation developed by Alcazar et al. (3).

1RepetitionMaximumTesting.All strength and power tests were
performed using 2 of the computerized pneumatic resistance
machines, the chest press (CP) and the leg press (LP). Chest press
1-repetition maximum (CP-1RM) and leg press 1-repetition
maximum (LP-1RM) were assessed using a protocol previously
described byCherup et al. (10). For each subject, a warm-up set of
10 repetitions at approximately 50% of their estimated 1RMwas
given. The weight was then increased to a load that allowed for 5
repetitions, and as a final warm-up, a set of 3 repetitions judged to
be near the subject’smaximumwas provided. After this warm-up,
lower-body exercise loads were increased by 10% and upper-
body loads by 5% until the subjects reached their 1RM, which
was determined when the subjects could no longer complete the
exercise using adequate form. Rest periods of 2 minutes were
allowed between attempts. In our laboratory, this testing method
has been shown to have high test-retest reliability in older people
(ICC 5 0.93) (10).

Power Testing. After the completion of strength testing on day 1,
subjects were provided with a 48-hour recovery before returning
for the second testing day. On day 2, chest press peak power (CP-
PP) and leg press peak power (LP-PP) testing began with a warm-
up of 10 repetitions at 30% 1RM using 1–2s concentric and
eccentric contractile phases. A second 5-repetitionwarm-up at the
same load was then performed as rapidly as possible during the
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concentric contraction and at a controlled speed during the ec-
centric contraction. Peak muscle power was subsequently
assessed at 5 relative intensities (40, 50, 60, 70, and 80% 1RM).
The percentages were randomized to reduce any order effect. The
concentric phase was performed as fast as possible for each rep-
etition, and the eccentric phase was performed over 1–2s. Each
repetition was verbally cued: “3, 2, 1, Go!” This testing protocol
is commonly used for power testing of older individuals with and
without PD (13,14,21,22). Any repetition not performed prop-
erly was repeated after a 1-minute recovery. Power outputs were
recorded and visually represented as a bar graph on the display of
each machine and then cross-referenced with the HUR electronic
spreadsheets. A high test-retest reliability for 1RM testing has
been demonstrated in our laboratory for older subjects (ICC 5
0.93) (8).

Intervention. Subjects were randomly assigned to either the 10%
VLT or 30% VLT group. Both groups were trained by un-
dergraduate exercise physiology majors who received personal
instruction by the research coordinator on the proper perfor-
mance of each VLT training protocol. Additionally, each trainer
was shadowed by the principal investigator and research co-
ordinator to ensure adherence to each protocol. Training was
provided 3 times per week for 12 weeks and completed 3 sets of 8
repetitions on the 10 pneumatic machines. Subjects were required
to attend at least 80% of the training sessions to have their data
included in the analyses. The loads at which they began training
were equal to the loads at which PP occurred during pretesting.
The maximal velocity produced at PP was recorded and used to
compute each subject’s VLT. If the subjects completed 3 succes-
sive repetitions below their assigned VLT, their load was de-
creased by 2.5% on upper-body machines or 5% on lower-body
machines for the next training session. The load was similarly
increased for the following session if subjects did not fall below
their VLT for 3 consecutive repetitions or performed above their
assigned VLT. These load changes were a modification of the
velocity-based load progression methods used in several VBT
studies (2,5,19,20). Subjects were provided visual feedback
throughout their training using the tablets integrated with each
machine. In younger individuals, this practice was shown to in-
crease motivation, competitiveness, and performance during re-
sistance training programs (34,35). Additionally, subjects were
provided consistent verbal encouragement across training and
testing sessions (6,33). All data including attendance, training
volume, and load were recorded by the HUR computerized
pneumatic machine spreadsheets (HUR Inc.).

Analyses. In both groups, the CP and LP load-velocity profiles
were analyzed before and after the training interventions. Power
curves were generated from the product of force and velocity at
40, 50, 60, 70, and 80% 1RM (32). The maximum power values
among the loads were identified as the CP-PP (CP-LoadPP) and
LP-PP (LP-LoadPP) and the percentage of 1RM at which PP oc-
curred was determined for LP (LP-%1RMPP) and CP (CP-%
1RMPP). Further, LP-1RM per unit body weight (LP-
1RM·BW21) and LP-PP per unit bodyweight (LP-PP·BW21) were
computed.

Statistical Analyses

For 1RM, PP, and LoadPP, separate 2 (time) 3 2 (VLT group)
mixed repeated measures ANOVA were used to determine

significant main effects and interactions. When significant main
effects or interactions were detected, an LSD pairwise analysis
was used to establish the source. Paired sample t-tests were used
to determine differences in demographics between groups at
baseline. A Wilcoxon signed-rank test was used to determine
changes in %1RMPP across the intervention period. Effect sizes
for main effects and interactions during repeated measures
ANOVA were computed as partial eta squared values (hp

2).
Interpretations of hp

2 effect sizes are 0.01 5 small effect size,
0.065medium effect size, and 0.145 large effect size. Effect sizes
during pairwise comparisons were reported as Cohen’s d. For
Cohen’s d, 0.25 small effect size, 0.055medium effect size, and
0.8 5 large effect size. A Wilcoxon signed-rank test was used to
assess the magnitude of change in %1RMPP, because this vari-
able was ordinal (37). This nonparametric test is used to de-
termine a change in scores among a matched pair sample across
time (25). An effect size for Wilcoxon signed-rank test was also
calculated r5Z/(sqrt[n]) (25). The interpretation of the r values is
0.15 small effect size, 0.35medium effect size, 0.55 large effect
size (11). The significance level was set a priori at 0.05 for all
analyses. All statistical analyses were performed with the IBM
Statistical Package for the Social Sciences (SPSS) for Windows,
version 28.0 (IBM Corp., Armonk, NY), except for Cohens d,
which was computed using a custom program written in Micro-
soft Excel (Microsoft Corp., Redmond, WA).

To calculate the overall sample size, an a priori power analysis
using countermovement jump power as a primary outcome
measure when comparing 15% VLT and 30% VLT in pro-
fessional soccer players was implemented (26). Based on this
study, an F-test for a mixed ANOVAwith a medium effect size of
0.45, alpha level of 0.05, and a power of 0.95 yielded a sample
size of 20 subjects.

Results

Subjects

AConsort chart showing the flow of subjects through the study is
presented in Figure 1. Of the 60 subjects contacted, 21 were
assigned to either the 10% VLT or 30% VLT group. Baseline
characteristics of the 16 subjects who completed the study are
presented in Table 1.No significant differences were seen between
groups for any baseline characteristics (p . 0.05).

Functional Testing

For the analysis of the 5xSTS, there was a significant main effect
for time (F (1, 14)5 10.756, p, 0.005, hp

25 434). Amain effect
for time was also observed for 5xSTS power (F (1, 14)5 11.039,
p 5 0.005, hp

2 5 441). Furthermore, a main effect for time was
observed for the 6MWTMax (F (1, 14)5 27.382, p, 0.001,hp

25
0.662); however, no significant main effects or interactions were
detected for the 6MWTHab. Pairwise comparisons for all func-
tional tests are presented in Table 2.

1 Repetition Maximum Testing

For the analysis of CP-1RM, a main effect for time was observed
(F (1, 14) 5 19.956, p , 0.001, hp

2 5 0.588). Main effects for
time were also observed for LP-1RM (F (1, 14) 5 11.423, p 5
0.005, hp

2 5 0.449) and LP-1RM/BW (F (1, 14) 5 18.051, p ,
0.001, hp

2 5 0.563). Table 2 presents the pretest and post-test
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values and pairwise comparisons of CP-1RM and LP-1RM for
the sample.

Power Testing

For CP-PP, there were no significant main effects or interactions.
However, main effects for time were observed for LP-PP (F (1,
12)5 11.008, p5 0.006, hp

25 478) and LP-PP/BW (F (1, 12)5
11.415, p 5 0.007, hp

2 5 465). Table 2 presents the pretest and
post-test values and pairwise comparisons for CP-PP, LP-PP, and
LP-PP·BW21 of the sample.

Load at Which Peak Power Occurs

For the analysis of the LoadPP for both exercises, there were no
significant main effects or interactions for the LP exercise.
However, there was a significant main effect by time for the CP
exercise (F (1, 14) 5 4.629, p 5 0.049 h2 5 248). Pairwise
comparisons showed a significant increase after the training pe-
riod (MDiff 6 SE 5 1.726 6 0.802; 0.005, 3.447; p 5 0.049;
d 5 0.26).

Percentage of 1RepetitionMax atWhichPeakPowerOccurs

For all median scores, the Wilcoxon signed-rank test showed no
significant differences among%1RMPP between pretest and post-
test. Results for the Wilcoxon signed-rank test for the CP using

Figure 1. CONSORT chart showing the flow of subjects through the study.

Table 1

Descriptive characteristics of study subjects.*†‡

10% VLT (n 5 7) 30% VLT (n 5 9)

Age (y) 75.0 6 6.7 71.3 6 5.2

Height (m) 1.72 6 0.1 1.69 6 0.07

Mass (kg) 80.4 6 14.7 74.4 6 11.5

Sex 6 M, 1 F 6 M, 3 F

Duration of disease state (y) 6.8 6 4.8 5.7 6 4.1

Exercise (h·wk21)

Vigorous 2.4 6 3.7 2.8 6 3.4

Moderate 4.6 6 5.3 4.1 6 3.2

Walking 4.1 6 4.7 2.4 6 2.4

Sitting 34 6 23.7 42 6 15.7

Side mostly affected (%)

Left 18.75 18.75

Right 18.75 31.25

Symmetric 6.25 6.25

MDS UPDRS

Part III motor score 32.5 6 13.4 32.0 6 15.6

Hoehn & Yahr stage 1.9 6 0.9 1.8 6 1.0

Subjects on PD medication (n) 7 9

Carbidopa, Levodopa 7 9

Ropinirole 1 1

Exercise adherence

Total sessions 31.1 6 1.5 30.8 6 1.6

*10% VLT5 10% velocity loss threshold group; 30% VLT5 30% velocity loss threshold group; y5
years; m 5 meters; kg 5 kilograms.

†Values are mean (SD).

‡No significant difference was seen in between groups for any variable.

Velocity-Based Training in PD (2024) 38:10 | www.nsca.com

1803

Copyright © 2024 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.

www.nsca.com


a 10%VLT showed that the median shift was from 45% 1RM to
50%1RM (Z52447, p5 0.665). For the CP using a 30%VLT,
themedian shift was from 50%1RM to 45%1RM (Z521.318,
p 5 0.187). For the LP using a 10% VLT, there was no median
shift (Z 5 20.707, p 5 0.480), whereas for the LP using a 30%
VLT, the median shift was from 75% 1RM to 60% 1RM
(Z 5 20.957, p 5 0.339). Frequency histograms showing the
pretest and post-test values for CP of the 10% and 30% VLT
groups are presented in Figure 2A, B, respectively, and for LP of
the 10% and 30% VLT groups in Figure 2C, D, respectively.

Discussion

This study is the first to our knowledge to examine the ability of
VBT provided at multiple VLTs to selectively improve functional
performance, strength, power, and the load at which PP occurred
in individuals with PD. Further, changes in %1RMPP for the
sample were assessed after VBT. Both the 10% VLT and 30%
VLT training conditions led to improvements in the 6MWTMax,
5xSTS, and in CP-1RM, LP-1RM, LP-1RM·BW21, LP-PP, and
LP-PP·BW21. These findings support our hypothesis that VBT
training using both VBT during pneumatic resistance training can
significantly improve functional performance, strength, and
power in people with PD.

Although the effects of VBT on PD-related functional impair-
ment have not been examined previously, there is ample evidence
to suggest that traditional power training can improve functional
outcomes in PD (10,22,23). In a study by Ni et al. (22), older
adults with PD, aged 60–90 y, participated in 12 weeks of power
training and displayed significant improvements in upper-body
and lower-body bradykinesia scores. In a second analysis, Ni et al.
(23) demonstrated significant improvements in UPDRS motor
function, functional measures including the Timed Up&Go test,
and the 6MWT at habitual and maximal gait speeds in older
adults with PD. Although the current study did not improve
6MWTHab performance, 6MWTMax performance was signifi-
cantly improved. Furthermore, the improvement in the
6MWTMax (0.22 6 0.04 m·s21) was comparable with the large
minimal clinically important difference reported by Hass et al.

(17). This result is not unexpected as maximal gait speed is a better
predictor of overall muscular power (18) and has a stronger cor-
relation with PP than habitual gait speed. Although no minimal
clinically important difference has been reported for the 5xSTS, an
MDC of 2.4 s for PD patients was calculated by the American
Academy of Neurologic Physical Therapy (1) using the Standard
Error of the Measure from Paul et al. (27). Additionally, an MDC
of 1.7 swas reported byWong-Yu et al. (36) citing theworkof Paul
et al. (27). The reduction in performance time for the 5xSTS in our
study (21.48 6 0.45) may be compared with these values.

Previous studies that examined the effects of VBT on maximal
strength have included principally younger individuals and high-
level athletes (11,26,29), yet their results are similar to those
observed in the present study LP-1RM, LP-1RM·BW21, and CP-
1RM. In a training study by Pareja-Blanco et al. (26) done in
highly trained soccer players, 6 weeks of VBT using either a 15%
or 30% VLT elicited 10 and 6% improvements in an isoinertial
squat 1RM, respectively. However, only the 15% VLT 1RM
reached statistical significance. In contrast, Rauch et al. (29)
demonstrated similar improvements for 2 VBT modalities in the
back squat, bench press, and deadlift 1RM of female collegiate
volleyball players after 7 weeks of training reflecting the main
effects seen for LP-1RM, LP-RM·BW21, and CP-1RM in the
current study. Although no studies have reported changes in CP-
1RM or LP-1RM of patients with Parkinson’s after VBT, the
increases of 19 and 23%, respectively, for these variables com-
pare favorable to the 13 and 16% improvements resulting from
the same protocol provided to a sample of older persons aged
64–88 y (10).

Previous studies examining the effects of power training on
persons with PD demonstrated improvements in LP-PP and CP-
PP (10,23). In a study by Cherup et al. (10), 35 older persons with
mild to moderate PD were randomized into either a strength or
power training intervention for 12 weeks. Although no between-
group differences were found, a significant improvement was
observed for the sample in both LP-PP (16%) and CP-PP (20%)
((p, 0.001). Furthermore, Ni et al. (23) demonstrated significant
improvements in LP-PP·BW21 in 41 older adults with PD who
performed 12 weeks of power training. Furthermore, the24 and
10% changes in PP for the CP and LP exercises for the current

Table 2

Pairwise comparisons for performance tests.*

Variable Pretest Post-test MDiff (SE) 95% CI p d
Functional performance tests

Five time sit-to-stand (n 5 16)

Performance time (s) 9.53 6 2.69 8.06 6 3.05† 21.48 6 0.45 20.51 to 22.45 0.005 0.51

Power (W) 321.7 6 99.7 395.8 6 145.2† 75.5 6 22.7 2124.2 to 226.7 0.005 0.59

Six-meter walk (n 5 16)

Habitual speed (m·s21) 1.17 6 0.21 1.20 6 0.25 0.03 6 0.40 20.04 to 0.10 ,0.403 0.13

Maximum speed (m·s21) 1.77 6 0.39 1.99 6 0.44† 0.22 6 0.04 0.14 to 0.31 ,0.001 0.53

Neuromuscular performance tests

Chest press 1RM (kg) n 5 16 26.3 6 12.8 31.4 6 13.8† 5.1 6 1.1 2.7 to 7.5 ,0.001 0.39

Leg press 1RM (kg) n 5 16 321.7 6 99.7 395.8 6 145.2† 12.6 6 3.7 4.6 to 20.6 0.004 0.59

Relative leg press 1RM (kg·BWkg21) n 5 16 1.39 6 0.42 1.58 6 0.45† 0.19 6 0.04 0.09 to 0.28 ,0.001 0.44

Chest press PP (W) n 5 14 317.6 6 173.5 304.4 6 195.6 17.0 6 31.4 251.3 to 85.4 0.597 0.07

Leg press PP (W) n 5 14 451.9 6 185.1 497.2 6 195.2† 43.6 6 13.2 15.0 to 72.3 0.006 0.24

Relative leg press PP (W·BWkg21) n 5 14 5.89 6 2.23 6.54 6 2.38† 0.63 6 0.19 0.20 to 1.05 0.007 0.28

*Pretest and post-test scores are Mean (SD).

†Significant difference from pretest to post-test. MDiff (SE)5mean difference and standard error between pretest and post-test; 95% CI5 95% confidence interval of the difference; d5 Cohen’s d effect size.
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study reflect a similar pattern of change (10% for CP, 0% for LP)
that was observed when the same protocol was provided to older
adults aged 64–88 y (9).

The failure of our subjects to produce significant improvements
in CP-PP may be attributable to our testing methodology. During
post-testing, the loads used for power testing were percentages of
each subject’s final 1RM.Given the increases in the LoadPP for the
CP after the training period, it is possible that the post-test loads
negatively affected subjects’ movement speeds and, therefore,
reduced power outputs during post-testing. This argument is
supported by the significant increase in LP-PP, where no signifi-
cant changes in load at PP were observed.

The results for LoadPP may provide insight into the nature of
the PP changes in response to the 2 levels of velocity deficits used
in the VBT interventions. For LP, there was a significant im-
provement in both 1RM and PP; however, there was no signifi-
cant increase in the LoadPP. This indicates that improvements in
velocity were the predominant driver of improvements in PP. In
the case of CP, there were significant improvements in 1RM and
a trend toward significance for load at PP (p 5 0.053), with no
significant improvements in PP, indicating that the greater exer-
cise loads caused declines in movement speeds, reducing the po-
tential for improvements in power.

To our knowledge, only 1 manuscript examined the percent of
1RM where PP occurred in individuals with PD. Ni et al. (21)
demonstrated that high-speed resistance training in older adults

with PD shifted the percent of 1RMatwhich PP occurred towards
the velocity end of the curve for the bicep curl, leg press, hip ab-
duction, and calf raise exercises. In the current study, no significant
changes were found in this variable for the LP or CP exercises, in
either condition. Figure 2A–D, however, illustrate a visible shift
towards the velocity end of the load-velocity curve for both inter-
ventions. In addition to the differences in training methods, the
differences in responses between the 2 studies may be attributable
to the differences in disease state (Hoehn and Yahr stage, present
study: 1.86 0.9 (21);: 2.26 0.7), and themore trained status of the
current study population, half of whom had participated in
a power training study approximately 3months earlier, whichmay
have reduced their potentials for adaptation given the nonlinear
nature of the training curve. This warrants further investigation
into the mechanisms and conditions required for significant
changes in force-velocity profiling in persons with PD.

A number of limitations may have affected our results. First,
the observed statistical power for several of the tests was low,
reducing the probability of finding significance; therefore, this
study should be repeated with a larger sample. Second, the testing
methodology used in the power-testing battery employed per-
centages of the post-test 1RM values, which may have reduced
movement velocity and, therefore, power outputs. As a result, it is
suggested that awider range of loads be used during power testing
in future studies. Third, a control condition was not employed in
this study, which makes it challenging to attribute the changes

Figure 2. A) Frequency histogram of continuous field information for the chest press shifts in load at peak power for the 10%
velocity loss group. B) Frequency histogram of continuous field information for the chest press shifts in load at peak power for
the 30% velocity loss group. C) Frequency histogram of continuous field information for the leg press shifts in load at peak power
for the 10% velocity loss group. D) Frequency histogram of continuous field information for the leg press shifts in load at peak
power for the 30% velocity loss group.
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observed to the VBT protocol. Therefore, it is recommended that
this study be repeatedwith the addition of a control group. Fourth,
the short training period coupled with the absence of a detraining
period brings into question the sustainability of the improvements
observed. It is suggested that a study be conducted with a longer
training period, and a detraining period be included. Finally, the
higher age ranges used may make the results less generalizable to
persons of PD in age groups or other stages. Therefore, these lim-
itations should be considered when interpreting the results.

Practical Applications

The results of the present study suggest that VBTusing velocity-
based thresholds of 10 and 30% can induce changes in func-
tional capacity, strength, and power in persons with PD when
using pneumatic resistance trainingmachines. Practitioners can
apply this training style to a PD population to combat the
compound effects of aging and neuromuscular disease that they
experience. Subjects should complete initial 1RM testing and
power testing to find their optimal load for power production.
This will be their starting load and will complete 3 sets of 8
repetitions on all the machines in the exercise circuit provided.
Loads should be adjusted (2.5–5%) based on both completion
of the sets and velocity of the repetitions produced. A subject’s
load should be lowered on an exercise for the next session if (a)
they cannot complete the 3 sets with full range of motion or
adequate form or (b) they cannot maintain the adequate speed
required for their given velocity threshold. The load should be
increased for the following training session if they are able to
complete all repetitions of an exercise with adequatemovement
speed. Subjectsmust always be supervised to ensure that proper
load progression is achieved.
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