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Parkinson’s Disease and Exercise:
Why Power?



REDUCED MUSCLE POWER IS ASSOCIATED WITH 
SLOWER WALKING VELOCITY AND FALLS IN PEOPLE 
WITH PARKINSON'S DISEASE 

N.E Allen
C. Sherrington
C.G. Canning
V.S.C. Fung

 Parkinsonism Relat. Disord., 16 
(2010) 261 - 264



Participants



Physical Performance and Fall History

Range = 0–132,

≤32 = mild, 
≥59 = severe.

Means ± SD

1.47 ± 0. 23 = Men 
 1.32 ± 0.23 = Women

746 W ≈ Women

1,363 ± 372.7 N≈ Women

Means ± SD

1.99 ± 0. 34 = Men 
 1.81 ± 0.24 = Women



POWER DECLINES

These researchers noted that muscle 
power at 30% 1RM was more strongly 

associated with walking velocity and falls 
history than peak power measurements.

IS THIS SURPRISING???



• Maximum Power

• Training at the load end of 
the curve, not enough 
velocity, low power.

• Training at the velocity 
end of the curve, not 
enough load, low power. 

NOT REALLY!!!  REMEMBER…



FURTHER FINDINGS

• PD severity as measured by the UPDRS motor 
score was, as expected, strongly associated with 
walking velocity and reported multiple falls.

•  Nevertheless, leg muscle power at 30% 1RM had 
a stronger association with fast walking velocity 
than UPDRS motor score. 

• In addition, walking velocity continued to be 
strongly influenced by both muscle strength and 
power after accounting for UPDRS motor score.



CONCLUSION

Allen et al (2010) concluded “…this 
study has shown that reduced leg 
extensor muscle power is associated 
with reduced walking velocity and may 
be associated with a history of 
multiple falls in people with PD. The
effect of muscle power training on 
walking velocity and falls in PD
warrants investigation.



Parkinson’s Disease 
and 

Power Training



LEG MUSCLE POWER IS ENHANCED BY TRAINING IN 
PEOPLE WITH PARKINSON’S DISEASE: A RANDOMIZED 
CONTROLLED TRIAL 

S.S. Paul
C.G. Canning
J. Song
V.S.C. Fung
C. Sherrington

Clinical Rehab., (2014) 28(3) 275–
288



Participants



Training
• Trained only the leg extensors, knee flexors, hip 

flexors and hip abductors, using pneumatic 
variable resistance equipment.

• Trained in pairs for 45 minutes, twice a week for 
12 weeks, with at least a day’s rest between 
training sessions.

• Cued by the physiotherapist to ‘go as fast as 
possible’ before each repetition.

• Set one @ 40%, set two @ 50%, set 3 @ 60%1RM
• When exercise was completed in good form and 

speed, 1RM was increased by 5%.



Power Results
Note: Power increases were significantly greater than controls for all 
exercises tested.



Leg Extension Peak Power
p = .002



Functional Results



CONCLUSION

While the training program improved 
power in all the muscle groups trained, 
none of these improvements 
translated into improvements in 
performance.

WHY NOT???



COMPARATIVE IMPACT OF POWER TRAINING AND
HIGH-SPEED YOGA ON MOTOR FUNCTION IN OLDER 
PATIENTS WITH PARKINSON DISEASE 

Meng Ni
Joseph F. Signorile
Kiersten Mooney
Anoop Balachandran
Melanie Potiaumpai 
Corneliu Luca
James G. Moore 
Christopher M. Kuenze
Moataz Eltoukhy
Arlette C. Perry

 Arch Phys Med Rehabil, 2016



Participants



Power Training
• Optimal loads on 11 pneumatic machines (biceps curl, triceps push-down, 

chest press, seated row, latissimus pull-down, shoulder press, leg press, 
leg curl, hip abduction, hip adduction, and seated calf.)

•  3 circuits of 10 to 12 repetitions, twice per week, for 12 weeks (24 
sessions). 

• Upper and lower body exercises were alternated 
• Training loads determined using specific optimal loads established on 

each machine. 
• After a 1-week adaptation period at loads of 50% and 75% of the optimal 

loads for PWT, training loads for each exercise were increased weekly 
based on power plateaus. 

• Participants were instructed to exert force as fast as possible during the 
concentric phase and move slowly through the eccentric phase. 

• Two 2-week (weeks 5 and 6, weeks 11 and 12) translational training 
cycles were incorporated into the PWT program. These cycles used 
balance and agility activities, including line, cone, ladder, chair, step, and 
ball drills. 



Yoga Training

• Participants held a pose statically for 1 breath and quickly 
transitioned to the next pose (constituted interval training). 

• Static poses were included to strengthen and stabilize muscles, 
and stretching was included to increase flexibility. 

• The program incorporated 3 difficulty levels: easy, moderate, 
and hard.

• All participants started at the same difficulty level, and all 
went through all difficulty levels.

TRAINING FOR BOTH INTERVENTIONS OCCURRED WITHIN 3 
HOURS OF SUBJECTS TAKING THEIR MEDCATIONS.



FUNCTIONAL RESULTS

↑MCID = -6.2; Max 260 

↓MCID = 13.5; Max 56

↑MCID = 4;  Max 28

↓MCID = 3.4; ≤10 good mobil.

↓MCID = 7.32; M = 15.4

↓MCID = 7.32; M = 15.4

↑MCID = 3.4 - 4.0

↑MCID = 3.4 - 4.0



GAIT RESULTS

↑MCID = .10

↓MCID = .22



NEUROMUSCULAR PERFORMANCE RESULTS 
RESULTS



Conclusions
Our 3-month, twice-weekly PWT and modified yoga 
training programs were able to alleviate motor 
symptoms, improve balance function and gait, and 
increase leg muscle strength and power in patients 
with mild to moderate PD. 

Both training systems should be considered viable 
interventions in rehabilitation programs designed to 
translate improvements in physical function into 
improvements in functionality and reductions in fall 
probability.



POWER TRAINING INDUCED CHANGE IN 
BRADYKINESIA AND MUSCLE POWER IN 
PARKINSON'S DISEASE

Meng Ni
Joseph F. Signorile
Anoop Balachandran
Melanie Potiaumpai 

Parkinsonism and Related 
Disorders 23 (2016) 



SUBJECTS’ CHARACTERISTICS



BRADYKINESIA, STRENGTH AND POWER
SIGNIFICANT IMPROVEMENTS IN POWER FOR ALL EXERCISES EXCEPT CALF RAISE



The Parkinson's Disease Questionnaire (PDQ-39)

SIGNIFICANT IMPROVEMENTS IN MOBILITY, ADL, SOCIAL SUPPORT, AND 
OVERALL PDQ-39 SCORES

↓MCID = -4.72



Conclusions
Our specially-designed power training program 
including a high-seed circuit and activity-based 
recovery cycles every 4 weeks:
• improved strength, power and motor function in 

older adults with PD 
• was well-tolerated 
• can be incorporated into outpatient rehabilitation 

for PD to preserve or improve movement function.

However, further research must be done to 
determine the specific loading for power and the 
importance of “translational” cycles to improve 
function.



HIGH-SPEED RESISTANCE TRAINING 
MODIFIES LOAD-VELOCITY AND LOAD-
POWER RELATIONSHIPS IN PARKINSON’S 
DISEASE

Meng Ni
Joseph F. Signorile

J Strength Cond Res. 2016 Nov 16. 



Objective:

To examine shifts in the load-velocity and 
load-power curves due to high-speed 
resistance training in Parkinson’s patients.  



Objectives:

We hypothesized that:
1. shifts in the L-V and L-P curves would be 

specific to the loading patterns used;
2. shifts would favor the velocity end of the 

curve, given the low baseline movement 
velocities of these individuals because of 
bradykinesia; and,

3. changes would be moderated by joint and 
muscle structure differences.



Participants:



Results:

biceps curl chest press

leg press hip abduction

seated calf

Note that the greatest 
changes were seen at the 
velocity (low load) end of 
the load-velocity curves…



Results:

…and POWER changes were 
evident in every muscle 
group but the biceps.

biceps curl chest press

leg press hip abduction

seated calf



Velocity at the peak power before and after 3-month training. *Significantly different 
from pretest, †significant change difference between groups. Power training pretest 
(black bars) and posttest (light gray bars); Control pretest (dark gray bars) and posttest
(white bars). Bars represent mean and SE. 

Results:
This indicates POWER became  
more dependent on velocity as 
our subjects increased their 
movement speed.



Conclusion:

The patterns of change in L-V and L-P 
relationships provide evidence for the 
unique responses of the specific muscle 
groups and joints to the exercises evaluated 
and offer a framework for more exacting 
exercise prescriptions in patients with PD. 



POWER AND STRENGTH TRAINING PRODUCE SIMILAR 
IMPROVEMENTS IN STRENGTH, POWER, BALANCE 
AND FUNCTIONAL MOVEMENT IN PERSONS WITH 
PARKINSON’S DISEASE

Nicholas P. Cherup
Andrew N.L. Buskard
Keri L. Strand
Kirk B. Roberson
Emma R. Michiels
Jessica E. Kuhn
Francisco A. Lopez
Joseph F. Signorile

Exp Gerontol.  2019



Objective:

To compare the effects of ST and PT on 
measures of strength, power, balance and 
functional movement in persons with PD.  



Hypothesis:

We hypothesized that PT would produce 
greater power increases and functional 
improvement; while ST would induce 
greater strength gains. 



Participants:



Strength training group

• Familiarization: 30–40% 1RM increasing to 70% by the end of 2 
weeks. 

• Three sets, 10 repetitions

• Rest periods between sets were 1.5 to 2 min.

• 2 – 3s controlled concentric and eccentric velocity.

• Verbal cues to maintain lifting tempo. 

• After 2 weeks, training to volitional failure with load increases 
based on successful completion of ten repetitions without excessive 
discomfort.

• Typical load progression involved a 5% for upper body and 10% for 
lower body exercises. 

• Criteria were modified when necessary due to the manifestations of 
patient-specific PD symptoms or excessive fatigue. 

• Exercise order was randomized during each session and upper and 
lower body exercises were alternated whenever possible.



Power training group
• Familiarization phase at 30% 1RM increased to 50% by the end of 2 

weeks. 

• Three sets, each consisting of 10 repetitions

• Rest periods between sets were 1.5 to 2 min.

• Explosive motion at maximal velocity during the concentric phase and 
controlled eccentric phase for 2 to 3 s.

• Participants were provided verbal cues to maintain lifting tempo. 

• Load progression criteria based on loads producing the highest power 
output for any given repetition measured across all 3 sets.

• Typical load progression involved a 5% increase for upper body and a 
10%  increase for lower body exercises. 

• Criteria were modified when necessary due to the manifestations of 
patient-specific PD symptoms or excessive fatigue. 

• Exercise order was randomized during each session and upper and 
lower body exercises were alternated whenever possible.



Results:  Strength

Note: No between-
group differences.  
Main effect only.



Results: Power

Note: No between-group differences.  Main effect only.



Results:

Table 3: Means, standard deviations, mean differences and effect sizes for balance and 

functional movement within the sample 
 Baseline 

Mean (SD) 

12 wks 

Mean (SD) 

Mean Diff 

(95% CI) 

p Effect Size 

Cohen’s d 

BBA 50.9 (6.3) 49.2 (6.9) 1.7 (.5, 2.9) .007 .48 

      

DMA 979.0 (163.6) 942.3 (128.2) -36.7 (-86.9, 13.6) .15 .25 

      

TIME 47.1 (17.5) 50.1 (14.0) 3.1 (-2.6, 8.8) .28 .18 

      

TUG 9.3 (8.9) 8.5 (5.6) -.84 (-4.3, 2.7) .63 .13 

      

Falls Efficacy 8.3 (1.9) 8.0 (2.1) -.26 (-.6, .1) .14 .25 

BBA=berg balance assessment; DMA=dynamic motion analysis score; TUG=timed up-and-

go. Absolute within-sample differences, p values and 95% confidence interval (CI) are 

derived from a paired sample T-test. Effect size of d=0.80 or greater is considered large, 0.50 

to 0.79 is considered medium, and 0.20 to 0.49 is considered small. 

 

Note: No between-group differences.  Main effects only.

TUG for Normal Mobility ≤10s

FES Fall Risk >10



Results:  

Power-Velocity

Leg Press

Note: significant increases 
in power at the same loads 
for ST and PT

Note: significantly lower 
power gains at 40%1RM 
for ST than PT.

Note: significant increases 
for PT at 40% and 50%1RM 
with significant decrease at 
90%1RM

Note: significant increases 
for ST at 60% and significant 
decrease at 90%1RM



Results:  

Power-Velocity

Chest Press

Note: significant increases 
in power for PT at 40-
60%1RM; but for ST at 50-
80%1RM

Note: significant increases for PT 
at 40% alone, and higher power 
for ST than PT at 80%1RM



Results:  

Time-Course 

Power Changes

Note: For leg press, load 
increased throughout, 
power began to plateau
 at 8 weeks

Note: For chest press load 
increased throughout, power 
plateaued at 6 weeks



Conclusions:
• Both ST and PT appear to be effective modalities 

for reducing the neuromuscular deficits 
associated with PD. 

• Improvement differ for ST and PT by load, with 
more drastic differences for when power was 
normalized to peak power.

• Both PRT failed to improve functional 
performances likely due to the lack of 
movement-specific activities in the protocols or 
high baseline scores. 



PERIODIZED RESISTANCE TRAINING WITH 
AND WITHOUT FUNCTIONAL TRAINING 
IMPROVES FUNCTIONAL CAPACITY, BALANCE, 
AND STRENGTH IN PARKINSON’S DISEASE

Keri L. Strand 
Nicholas P. Cherup 
Matthew C. Totillo 
Diana C. Castillo 
Noah J. Gabor
Joseph F. Signorile

J Strength Cond Res. 2021



Objective:

To compare the effectiveness of 2 daily 
undulating periodization resistance 
training programs, strength, power, and 
hypertrophy training (SPH) and strength, 
power, and functional training (SP+Func), 
on measures of upper-body and lower-
body functional performance, balance, 
muscular strength, motor symptoms, QoL, 
and FOG in persons with PD.  



Participants:



DUP Protocols



Functional Training Cycle 



Results:



Conclusion:
• A 12-week DUP machine-based SPH program was 

equally effective as a SP+Func program for improving 
upper-body and lower-body functional ability, balance, 
and strength outcomes among individuals with mild-to-
moderate PD. 

• This study suggests that persons with PD should 
undertake a periodized PRT program incorporating 
strength and power training to offset age-related and 
disease-related neuromuscular and functional decline 
and that hypertrophy and functional training can be 
incorporated as dictated by motor symptoms and FOG, 
respectively.



VELOCITY BASED TRAINING AFFECTS 
FUNCTION, STRENGTH AND POWER IN 
PERSONS WITH PARKINSON’S DISEASE

Caleb Calaway
Kylie Martinez
Ana Raquel Calzada Bichili
Joseph Caplan
Bryan Mann
Joseph F. Signorile

Manuscript in Prepartion



The Concept
Velocity-based training (VBT) is one of the 
newest training methodologies employed by 
athletes to improve power.  We have used 
modifications of athletes’ power training 
methods in the previous studies. Thanks to the 
HUR equipment providing immediate data on 
velocity and power thereby allowing us to 
employ this data-driven training method 
effectively, we are now able to test the impact of 
VBT in persons with PD.  



Objective:

Since VBT targets velocity, where the 
greatest declines in performance are seen in 
people with PD. Given the shifts in the load-
velocity spectrum demonstrated by Ni et al 
[12] with traditional power training, we 
hypothesized that VBT that incorporated a 
lower velocity loss threshold (10%) would 
produce greater shifts towards the velocity 
end of the load-velocity LV spectrum than a 
30% velocity loss threshold. 



Objective:

Further, we hypothesized that training at 
both VBT thresholds would positively affect 
maximal strength, power, and functional 
capability.



Participants:
VD

(n=7)

FD 

(n=9)

Age (y): 75.0 (6.7) 71.3 (5.2)

Height (m): 1.72 (0.1) 1.69 (0.07)

Weight (kg): 80.4 (14.7) 74.4 (11.5)

Sex: 6M, 1F 6M, 3F

Side mostly affected (%):

Left

Right

Symmetric

18.75

18.75

6.25

18.75

31.25

6.25

UPDRS:

Part III score 32.5 (13.4) 32.0 (15.6)

Hoehn & Yahr Stage 1.9 (.9) 1.8 (1.0)

Participants on medication (n):

Carbidopa

Levodopa

7

5

4

9

7

5

Values are mean (SD) Abbreviations: y = years; m = meters; kg = kilograms.



Results
Note: Main Effect for Time

Table 2. Pairwise comparisons for functional tests  (n = 16). 

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

Five Time Sit-To-Stand 

Performance Time (s) 9.53 (2.69) 8.06 (3.05)* 1.48 (0.45) -2.45, -0.51 .005 -0.51 

Power (W) 321.7 (99.7) 395.8 (145.2) 75.5 (22.7) -124.2, -26.7 .005 0.59 

Six-Meter Gait Speed  

Habitual Speed (s) 3.55 (0.85) 3.15 (0.69)* 0.406 (0.078) 0.240, 0.572 <.001 -0.51 

Maximum Speed (s) 5.34 (1.19) 5.23 (1.45) 0.067 (0.173) -0.304, -0.437 .705 0.59 

Pretest and post-test scores are Mean (SD); *Significant difference from pretest to post-test. MDiff 

(SE) = mean difference and standard error between pretest and post-test; 95% CI = 95% confidence 

interval of the difference; d= Cohen’s d effect size. 

 

Table 2. Pairwise comparisons for functional tests  (n = 16). 

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

Five Time Sit-To-Stand 

Performance Time (s) 9.53 (2.69) 8.06 (3.05)* 1.48 (0.45) -2.45, -0.51 .005 0.51 

Power (W) 321.7 (99.7) 395.8 (145.2) 75.5 (22.7) -124.2, -26.7 .005 0.59 

Six-Meter Gait Speed  

Habitual Speed (s) 1.17 (0.21) 1.20 (0.25) 0.03 (0.40) -0.04, 0.10 <.403 0.13 

Maximum Speed (s) 1.77 (0.39) 1.99 (0.44)* 0.22 (0.04) 0.14, 0.31 <.001 0.53 

Pretest and post-test scores are Mean (SD); *Significant difference from pretest to post-test. 

MDiff (SE) = mean difference and standard error between pretest and post-test; 95% CI = 95% 

confidence interval of the difference; d= Cohen’s d effect size. 

 

*

MCID = 2.3s

Mean 12.6s for 70-79

MCID = .10 m/s



Results
Note: Main Effect for Time

Table 3. Pairwise comparisons for neuromuscular tests. 

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

Chest Press (1RM) 26.3 (12.8) 31.4 (13.8)* -5.1 (1.1) -7.5, -2.7 <..001 0.39 

n = 16       

Leg Press 1RM (kg) 

n = 16 

321.7 (99.7) 395.8 (145.2)* -12.6 (3.7) -20.6, -4.6 .004 0.59 

Relative Leg Press 1RM 

(kg·BWkg-1) n=16 

1.39 (0.42) 1.58 (0.45)* -0.19 (0.04) -0.28, -0.09 <.001 0.44 

Chest Press PP (W) 

n = 14 

317.6 (173.5) 304.4 (195.6) 17.0 (31.4) -51.3, 85.4 .597 0.07 

Leg Press PP (W) 

n = 14 

451.9 (185.1) 497.2 (195.2)* -43.6 (13.2) -72.3, -15.0 .006 0.24 

Relative Leg Press PP 

(W·BWkg-1) n = 14 

5.89 (2.23) 6.54 (2.38)* -0.63 (0.19) -1.05, -0.20 .007 0.28 

Pretest and post-test scores are Mean (SD); *Significant difference from pretest to post-test. MDiff 

(SE) = mean difference and standard error between pretest and post-test; 95% CI = 95% confidence 

interval of the difference; d= Cohen’s d effect size. 

 



Load Velocity Shift 10% Deficit Chest Press



Load Velocity Shift 30% Deficit Chest Press



Load Velocity Shift 10% Deficit Leg Press



Load Velocity Shift 30% Deficit Leg Press



Conclusion:
• Both groups improved Chest press and Leg press power, 

as well as Leg press power relative to body weight
• Both VBT groups improved functional performance time 

and power in the 5xSTS
• Both groups improved six-meter gait speed at maximum 

effort; but not at habitual effort.
• Both groups demonstrated the ability to shift the load-

velocity relationship toward the velocity end of the 
spectrum.

Our results suggest that VBT is a viable method for 
improving function in PD patients; however, a larger 
sample is required to support our findings.



Using data-based for progressions…a teaser



Thank you for attending! 
We appreciate your support.

Joseph Signorile, PhD

University of Miami
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