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he Safety and Feasibility of High-Force Eccentric Resistance
xercise in Persons With Parkinson’s Disease
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ABSTRACT. Dibble LE, Hale T, Marcus RL, Gerber JP,
aStayo PC. The safety and feasibility of high-force eccentric

esistance in persons with Parkinson’s disease. Arch Phys Med
ehabil 2006;87:1280-2.

Objective: To examine the effect of high-force eccentric
esistance exercise on measures of muscle damage and injury
n persons with mild to moderate Parkinson’s disease (PD).

Design: Before-after trial.
Setting: Tertiary care center clinical laboratory.
Participants: Ten persons with PD (Hoehn and Yahr Stag-

ng Scale, stage 1–3).
Intervention: Participants trained 3 days a week for 12

eeks on an eccentric ergometer, performing high-force ec-
entric resistance exercise with bilateral lower extremities.

Main Outcome Measures: Serum creatine kinase (CK)
oncentrations, muscle pain scores, and isometric force pro-
uction were measured before, during, and after training.
Results: Mean CK levels did not differ and did not exceed

he threshold of muscle damage at any time point (P�.17).
uscle visual analog scale scores were low and only differed

t week 2 (P�.04). Participants were highly compliant,
hereas total negative work and isometric force increased over

ime (P�.02, P�.006, respectively).
Conclusions: Persons with mild to moderate PD can safely

nd feasibly participate in high-force eccentric resistance train-
ng. The data we present provide a basis for future investiga-
ions of the efficacy of this type of training on muscle size,
trength, and mobility in persons with PD.

Key Words: Exercise; Muscles; Parkinson disease; Reha-
ilitation.
© 2006 by the American Congress of Rehabilitation Medi-

ine and the American Academy of Physical Medicine and
ehabilitation

HE POSITIVE EFFECTS OF resistance training in per-
sons with Parkinson’s disease (PD) have recently been

eported.1,2 However, these studies have assumed the safety of
esistance training and have not measured muscle damage or
njury. To examine systematically the safety and feasibility of
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igh-intensity resistance training, our objective was to examine
uscle damage and injury indices3,4 during an eccentric train-

ng regimen known to produce some of the highest muscle
orces possible.5,6 The rationale for using this eccentric training
egimen lies in the fact that the high level of muscle forces are
enerated with minimal oxygen-consumption demands relative
o an equivalent amount of positive (concentric) work.6,7

METHODS
Ten people with PD were recruited through local movement-

isorders clinics using the following inclusion criteria: stages 1
hrough 3 on the Hoehn and Yahr Staging Scale and an age
etween 40 and 85 years. Persons with PD were excluded if
hey had unpredictable motor fluctuations or if they had any
edical condition that limited their tolerance to testing and

raining procedures. The hospital institutional review board
pproved the study, and all participants provided informed
onsent. Participants were tested and trained within 1 to 1.5
ours of taking their PD medications.8 Age, sex, and disease-
pecific information were collected on receiving consent.

All subjects with PD trained on a high-force eccentric er-
ometer 3 days a week for 12 weeks. This specially constructed
rgometer, previously described and used safely with frail
lderly,9 used a motor to drive the pedals in a reverse direction.
s the pedals rotated, the participant attempted to slow the
edals by applying force, resulting in high-force eccentric
ontractions of the quadriceps muscles and negative work. To
ut the high force of these contractions into perspective, in a
revious study,9 elderly persons with sarcopenia undergoing
his training increased their workload by nearly 4-fold during a
raining period and ended at an average workload of about
50W. This corresponds to very high forces (roughly equiva-
ent to lifting a 50-kg mass 30cm off the ground 1500 times per
ession). As a control for cardiovascular exertion, participants
radually increased their rating of perceived exertion (RPE)
rom “very, very light” (RPE of 9) to “light” (RPE of 11) over
he first 3 weeks via the Borg rating of perceived exertion
cale.10 RPEs were kept constant after week 4 in “somewhat
ard” (RPE of 13) to “hard” (RPE of 15) range.
Serum creatine kinase (CK) concentrations and visual analog

cale (VAS) muscle-pain ratings were used as indices of mus-
le damage, whereas isometric muscle force was used to de-
ermine the presence of muscle injury.4 Serum CK samples
ere collected via venous blood draws, and the CK concen-

rations (in U/L) were calculated using commercial laboratory
nzymatic analysis. Numeric muscle pain results (in centime-
ers) were determined by the use of a 10-cm VAS anchored at
cm (no pain) and at 10cm (worst possible pain). Participants
arked their leg pain along the scale before each training

ession. Isometric muscle force production for the more-af-
ected extremity was tested by using unilateral isometric knee
xtension force (in newtons) via handheld dynamometry.a Par-
icipants performed three 3-second quadriceps contractions
hen seated unsupported with the knee in 90° of flexion.11,12

Compliance, total work (in kilojoules), and maximal isomet-

ic quadriceps strength were used as measures of training
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easibility. Compliance was determined as the ratio of training
essions attended to the total possible training sessions. Total
ork on the ergometer was recorded each training session.
nilateral maximal isometric quadriceps strength of the more-

ffected extremity was tested with a KinCom dynamometerb

uring training weeks 1 and 12. Participants were seated with
heir knees fixed at 60° of flexion. Three 5-second–long max-
mal contractions were performed, with a 3-minute rest between
rials. The variable (maximal isometric quadriceps strength) was
alculated as the average force (measured in newtons).13

Weekly averages at 4 time periods (week 1 [pretraining],
eek 2, week 6, week 12 [posttraining]) of the outcome mea-

ures were used for statistical analysis. To determine the safety
f eccentric resistance training, we hypothesized that there
ould be no time period differences on muscle-damage indices

Table 1: Training Safet

Variable Age PDD UPDR

Participant 1 48 10 7
Serum CK (U/L)/VAS
Total work (kJ)/RPE
Muscle force (N)/MIQS (N)*

Participant 2 59 15 28
Serum CK/VAS
Total work (kJ)/RPE
Muscle force (N)/MIQS (N)*

Participant 3 68 4 48
Serum CK/VAS
Total work (kJ)/RPE
Muscle force (N)/MIQS (N)*

Participant 4 75 4 35
Serum CK/VAS
Total work (kJ)/RPE
Muscle force (N)/MIQS (N)*

Participant 5 55 7 17
Serum CK/VAS
Total work (kJ)/RPE
Muscle force (N)/MIQS (N)*

Participant 6 59 5 19
Serum CK/VAS
Total work (kJ)/RPE
Muscle force (N)/MIQS (N)*

Participant 7 62 7 18
Serum CK/VAS
Total work (kJ)/RPE
Muscle force (N)/MIQS (N)*

Participant 8 73 3 31
Serum CK/VAS
Total work (kJ)/RPE
Muscle force (N)/MIQS (N)*

Participant 9 79 11 31
Serum CK/VAS
Total work (kJ)/RPE
Muscle force (N)/MIQS (N)*

Participant 10 65 4 15
Serum CK/VAS
Total work (kJ)/RPE
Muscle force (N)/MIQS (N)*

OTE. Participant 3 is missing CK values because of lack of consent
f equipment problems.
bbreviations: MIQS, maximal isometric quadriceps strength; NT, n
cale15 motor subsection score.
Knee extension strength of the most-affected extremity at pre- and
serum CK, VAS scores) and that muscle force would increase m
ver time. To determine feasibility, we hypothesized that partic-
pants would be greater than 80% compliant and that total work
nd maximal isometric quadriceps strength would increase
ver time. Equivalence of muscle damage was assessed by the
verlap of 95% confidence intervals (CIs) of CK concentra-
ions at each time period.14 Separate Wilcoxon matched pairs
r Friedman analyses of variance were used to test all outcome
easures (P�.05).c As needed, post hoc tests were performed.

RESULTS
All 10 subjects with PD initially enrolled completed the

raining and are described in table 1.

afety Measures
The 95% CI for CK from all testing periods overlapped;

Feasibility Measures

Week 1 Week 2 Week 6 Week 12

74/0 105/4 104/1 87/0
44.0/14 76.3/14 155.7/14 250.0/14
209/412.3 217 248 314/454.9

215/0 411/4 131/0 110/0
40.6/14 68.3/14 154.7/14 250.0/15
209/282.8 211 208 201/467.3

NT/0 NT/ 3 NT/ 0 NT/0
5.0/14 8.0/13 33.7/14 55.2/13
104/135.2 117 113 121/152.5

72/0 112/3 65/0 67/0
7.0/11 23.0/13 81.7/12 111.0/13
200/532.4 214 251 297/573.2

65/0 49/2 42/0 51/0
21.7/12 47.0/13 127.7/12 187.5/13
137/356.9 189 239 250/631.3

92/0 79/2 42/0 68/0
19.3/12 71.0/14 142.5/15 200.0/13
155/344.5 153 200 176/377.3

121/0 56/3 60/0 45/0
19.0/15 23.0/15 71.7/16 102.0/15
200/249.1 233 226 199/419.1

138/0 95/3 37/1 38/0
8.0/13 17.5/14 56.0/14 137.7/16
NT/370.2 NT NT NT/373.3

61/0 86/2 60/0 64/0
20.3/12 44.5/13 91.7/16 123.8/13
158/220.3 166 165 218/233.6

70/0 62/3 60/1 56/0
21.7/12 66.0/13 181.7/12 151.0/11
173/304.1 186 183 216/449.5

blood draws. Participant 8 is missing muscle force values because

ted; PDD, PD duration; UPDRS, Unified Parkinson’s Disease Rating

tintervention tests.
y and

S

to the

ot tes
ean CK levels did not differ significantly, nor did they exceed
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A

he threshold of muscle damage at any time point (P�.17),
overall mean, 100U/L muscle; damage threshold, �200U/L).

uscle VAS scores were low (overall mean, 0.5cm) and only
ifferent at week 2 (P�.04). Muscle force consistently in-
reased over time (P�.02) (see table 1, fig 1).

easibility Measures
The mean compliance was 92% (33/36 sessions). Total

egative work and maximal isometric quadriceps strength
ignificantly increased over time (total negative work, P�.02;
aximal isometric quadriceps strength, P�.006). The total
ork differences were between week 1 and weeks 6 and 12

see table 1).

DISCUSSION
Clinically insignificant serum CK and muscle pain levels,

oupled with increased quadriceps isometric strength, indicated
hat high-force eccentric resistance training can be imple-
ented in mild to moderately affected subjects with PD safely

nd feasibly. To our knowledge, this is the first study to
ystematically examine the safety of high-force eccentric re-
istance training in subjects with PD. The lack of significant
easures of muscle damage indicate that subjects with PD

espond similarly to both young and frail elders exposed to
igh-force eccentric exercise.9 This type of exercise has been
eported as a means of inducing muscle mass, strength, and
obility gains in non-neurologically impaired persons9 and
ay be ideally suited for subjects with PD because high levels

f muscle force are generated with low metabolic demands.7

he application of this type of exercise in a chronic progressive
anner appears to allow muscle adaptation rather than muscle

amage of naive subjects with acute bouts of high eccentric
orces.

CONCLUSIONS
This preliminary report provides support for future research

o determine the efficacy of high-force eccentric resistance

ig 1. Serum CK and muscle-pain results. The left y axis depicts the
erum CK concentrations (�95% CI), whereas the right y axis de-
icts the VAS muscle pain scores (0–10cm) (�95% CI). The x axis
epresents the time points when measures were taken (week 1,
eek 2, week 6, week 12). The dashed line indicates the threshold

or muscle damage (200U/L).
raining on muscle structure and mobility in subjects with PD.

rch Phys Med Rehabil Vol 87, September 2006
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