
Trunk Muscle Performance in 
Early Parkinson's Disease 

Background and Purpose. Altered trunk function has been observed in 
people with Parkinson's disease (PD). Subiects. This study investigated 
the trunk function of people with PD, as compared with people 
without PD. Methods. Range of motion (against 1 N-m of resistance), 
isometric torque, and isoinertial performance against moderate resis- 
tance were assessed using an Isostation B-200. Results. Group effects 
between the subjects with PD and the subjects without PD were found 
for all variables. Range of motion into extension and maximum and 
average isometric torque in the directions of extension and right 
rotation showed group effects between subjects classified as being in 
Hoehn and Yahr stage I and subjects classified as being in Hoehn and 
Yahr stage 11. Conclusion and Discussion. People with PD exhibit less 
axial range of motion and isometric and isoinertial ability compared 
with persons without PD. There is a loss of the ability to extend the 
trunk early in the disease. These findings suggest the importance of 
further investigation into the role of strengthening programs soon 
after a diagnosis of PD in order to potentially delay changes in trunk 
function and subsequent functional difficulties. [Bridgewater KJ, 
Sharpe MH. Trunk muscle performance in early Parkinson's disease. 
Phys Ther. 1998;78:566-576.1 
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arkinson's disease (PD) is a chronic, progres- 
sive disease of the nervous system. The three 
primary symptoms of PD are tremor, brady- 
kinesia, and rigidity, but other signs and symp- 

toms, such as muscle stiffness and weakness,',' are fre- 
quent complaints associated with PD. James Parkinson 
not only alluded to the presence of weakness in the title 
of his 1817 publication, An Essay on the Shaking Palsy,3 but 
he also wrote in the text of "lessened muscular power." 

Although people with PD often complain of difficulty 
with the development of muscle power,',' detectable 
weakness during manual muscle testing is characteristi- 
cally Even with the use of quantitative tech- 
niques of measuring muscle torque, results are conflict- 
ing. Researchers have ~ u p p o r t e d ~ - ~  and di~puted ' .~  the 
presence of deficits in torque production. Methodolog- 
ical differences between, or even within, studies and 
possibly the wide range of forces their subjects develop 
are likely to be common sources of discrepant results. 
Several studies have investigated maximum isometric 
torque prod~lc t ion,~ ,~ ,"~ a task that, in our opinion, does 
not involve the confounding factors of visual perception, 
estimation, prediction, and spatial orientation. Alterna- 
tively, isotonic performances (ie, motor function involv- 
ing moving a set weight through a given range) also have 
been c ~ n s i d e r e d . ~ ~ ~  Nevertheless, questions remain as to 
the presence and nature of weakness during functional 
activities (functional weakness) in persons with PD. 

Two groups of researchers have demonstrated the effect 
of PD on muscle performance by examining the effect of 
pharmacological treatment on torque developed during 
isokinetic movements7 and i ~ o m e t r i c ~ . ~  torque produc- 
tion. Corcos et a16 hypothesized that if patients were 
weaker when not receiving medication, the difference in 
performance could be attributed to the effect of PD. 
Both groups found that selected variables decreased in 
torque production after withdrawal of medication (that 
is, Pedersen and Oberg7 found decreased torque pro- 
duction at almost all speeds, and Corcos et a16 found 
isometric elbow extension torque production to be 
affected). Pedersen and Oberg7 proposed that alter- 
ations to muscle performance may be subtle, although 
meaningful, and that sensitive dynamometric assessment 
could identify impairments otherwise undetected by 
traditional manual muscle testing. 

Evidence indicates that central mechanisms may be 
responsible for muscle weakness in people with PD.4,6 In 
a group of subjects with PD, Yanagawa and associates4 
compared the maximum isometric torque produced 
during voluntary ankle dorsiflexion with the torque 
produced by tetanic contraction of pretibial muscles by 
repetitive electrical stimulation of the common peroneal 
nerve. They also compared the performance of the 
subjects with PD with that of age- and sex-matched 
subjects who were neurologically intact. The researchers 
found the voluntary force of isometric ankle dorsiflexion 
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to be reduced in the subjects with PD. There was no 
difference in performance, however, between the sub- 
jects with PD and the subjects without PD when force was 
produced by electrical stimulation. They also found no 
relationship between voluntary torque and rigidity, 
tremor, or Hoehn and Yahr classification of the patients' 
status. Because the voluntary isometric torque in the 
subjects with PD was less than that in subjects without 
PD, yet the torque provoked by tetanic stimulation did 
not differ, changes in tissue leading to increased stiffness 
seem unlikely to influence muscle torque generation in 
people with PD.4 Furthermore, because antiparkinso- 
nian medication is not known to affect peripheral neu- 
romuscular function, the differences in force between 
subjects who were on and off medications support the 
hj~othesis that the source of weakness in persons with 
PD is primarily central in origim6 

Diminished voluntary muscle force in persons with PD 
may be a response to a decrease in tonic activity of the 
agonist muscle6 rather than to the mechanisms associ- 
ated with rigidity, tremor, or the slow development of 
muscle power,4 although the rate of force development 
has been shown to be d e f i ~ i e n t . ~ , ~ . ~  Furthermore, the 
selective effects of central deficits, through neuroana- 
tomical connections with particular spinal pathways, may 
explain the decreased maximum force production of 
more proximal muscle groups, with absence of grip 
torque production deficit.lO.11 Irrespective of the under- 
lying neurological phenomena, it is likely that persons 
with PD are less capable of generating maximum force 
than are elderly persons without disease and that this 
deficit may cause functional difficulties and a perception 
of weakness. 

Persons with hemiparkinsonism showed no deficit in 
isometric grip force according to Koller and Kase.* The 
same subjects, however, exhibited deficits in torque 
production bilaterally, as measured by a repetitive iso- 
tonic motor test2 involving moving a set weight through 
a given range. Torque generation (in foot-pounds) in 
flexion and extension at the wrist, arm, and knee (as 
measured by the Cybex I1 isokinetic dynamometer*) 
over the second, third, and fourth repetitions was 
reduced in the subjects with PD as compared with the 
subjects without PD.' The decrease in torque develop 
ment did not correlate with any particular symptom 
(tremor or rigidity), implying that a mechanism other 
than that related to the classic symptoms of PD may be 
responsible for the torque production deficit. Koller and 
Kase* proposed that the slightly greater weakness associ- 
ated with the affected side may represent the added 
decline in motor performance resulting from tremor or 
rigidity. 

* Cybex. Div of Lumex, 2100 Smithtown Ave, Ronkonkoma, hK 11779 

Power depends on movement speed, which may be 
reduced by mechanisms other than the rate of muscle 
fiber contraction, such as slow recruitment of motor 
units, rigidity in antagonists, or bradykine~ia.~ Hypothe- 
ses regarding such factors would also support the 
observed decreases in the rate of isometric force 
generation. 

A number of nervous system deficits associated with PD 
may contribute to functional weakness. In particular, 
motor unit discharge, influenced by supraspinal, spinal, 
and peripheral inputs,'* is deficient in persons with PD. 
In addition to an initial delay in motor unit recruitment, 
PD results in a slowness in motor unit recn~itment,l~ 
motor unit discharge asynchronization, and the occur- 
rence of paired discharges.'* Neuromuscular changes, 
therefore, can render the person with PD disadvantaged 
in attempts to recruit units to adequate force levels and 
to sustain or modulate motor responses. 

Despite the clinical observations of trunk involvement 
and postural changes in persons with PD,14.15 no studies 
have investigated trunk muscle performance in people 
with PD. Abnormalities of trunk muscle function may be 
present clinically as difficulty in walking and turning, a 
tendency to fall, and difficulty in turning or inability to 
turn in bed. The obvious, yet gradual, change in posture 
toward flexion can be accompanied by weakness of the 
back extensors and spinal stiffness with or without 
associated pain. Respiration is also threatened by the 
large changes in trunk posture, an important phenom- 
enon given the threat of pneumonia to the person with 
PD.I6 

The purpose of our study was to compare the trunk 
muscle performance of a defined group of people with 
early PD and a group of sex- and age-matched people 
without known neurological impairment, using the 
Isostation B200 triaxial dynamometert to measure trunk 
function. 

Subjects 
Thirteen subjects with early PD (Hoehn and Yahr stage 
I or 11, as assessed by a neurologist) and 13 sex- and 
age-matched subjects with no known neurological 
impairment participated in the study. All subjects gave 
written informed consent. Two assessments were con- 
ducted, separated by an interval of 14 to 21 days. One 
subject with PD was unable to successfully complete the 
initial assessment due to feeling faint. Another subject 
with PD required hospitalization for a separate medical 
condition between the first and second assessments. The 

Isotechnologies Inc, PO Box 1239, Hillsborough, NC 27278 
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Table 1. 
Groups by Age, Sex, and Hoehn and Yahr Stage" 

Hoehn and 
Group Age (y, XeSD) Sex Yahr Stage 

PD 67.6k7.5 
M=66.2-t9.3 M=5 l (n=5) 
F=68.8-t5.7 F=6 II (n=6) 

Non-PD 67.8?6.3 
M=66.1 56.2 M=7 
F=69.8%6.1 F=6 

11 remaining subjects with PD and the 13 subjects 
without PD are described in Tables 1 and 2. Apart from 
3 subjects with ischemic heart disease, arthritis, and 
osteoporosis, respectively, the medical histories of the 
subjects without PD were unremarkable. Among the 
subjects in this group, subject 1 was taking Betaloc and 
aspirin; subject 2 was taking Premarin; subject 3 was 
taking Capoten; subject 5 was taking Lasix, Midamor, 
Sultrin, Sinequan, and Tranxene; and subject 9 was 
taking aspirin. 

The subjects with PD were asked to identify what time of 
day they felt that their medication was most effective. 
Each individual's assessment was then timed accordingly 
to occur during the period in which the subject believed 
there was the greatest medication effect. Each subject 
was guided by a physical therapist through the 2 assess- 
ment sessions. The instructions and order of testing 
remained constant across all sessions and subjects. 

Trunk Assessment 
Trunk muscle performance was measured using the 
Isostation B-200 triaxial dynamometer (Figure). Each 
subject was asked to lie prone on a treatment couch 
while three locations were marked on the skin with a 
pen: (1) the lumbosacral junction, (2) the T12 spinous 
process, and (3) a distance 2 finger widths (index and 
middle fingers of the examiner) caudal to the T12 
spinous process. These landmarks were used for subject 
placemthnt in the Isostation B200. Subjects were tested 
with bare feet. Once strapped into the machine, markers 
and rulers mounted on the machine by the manufac- 
turer were used for subject placement within the 
machine. For each subject, the machine setting 
remained constant across assessments. The order of 
testing remained constant across all assessments and 
between all subjects. During each assessment, there was 
a 2-minute rest period between the 3 main testing 
procedures (range of motion [ROM], isometric, and 
resisted isoinertial [movement against a preselected 
resistance]). During the rest period, the leg straps were 
released and subjects were requested to gently move 
their legs until the next test began. In addition to 

allowing the subjects to rest, we believe that these 
2-minute periods also facilitated the action of the venous 
pump and thus minimized the risk of adverse effects of 
postural hypotension. Assessment timing is documented 
in Table 3. During trials, subjects were instructed to 
either clasp their hands or hold their hands in front of 
their abdomen (in the epigastric area). 

Test- Retes t Reliability 
Because we believe that the performance of persons with 
impairments is potentially more erratic than that of 
persons without impairments and because we wanted to 
determine the reliability of the testing procedure (not 
subject reliability), we examined data from the perfor- 
mance of the 13 subjects without PD to determine 
test-retest reliability. Therefore, we cannot account for 
the reliability of measurements obtained for our subjects 
with PD. In accordance with the procedure described by 
Shrout and Fleiss," test-retest reliability was examined 
using intraclass correlation coefficients (2,l).  The results 
of sessions 1 and 2 were examined for correlation. Only 
those measurements that, with the subjects without PD, 
showed an acceptable level (>.7) of reproducibility were 
retained for subsequent examination of the difference 
in performance between the 2 groups. 

The correlation coefficients for test-retest reproducibil- 
ity of performance variables are reported in Table 4. 
Range of motion (against 1 N-m of resistance) was more 
reproducible in the sagittal plane than in the transverse 
plane. Alternatively, both maximum and average isomet- 
ric torque readings were highly reproducible in both 
planes. During isoinertial performance against 50% 
resistance, velocity measures were generally more repro- 
ducible than ROM measures (against the same resis- 
tance), with the exception of ROM to the left side. Work 
and power measures were also highly repeatable. 

As test-retest reliability was thereby established, data 
obtained from the first and second assessments were 
combined into one data set for the analysis of covariance 
(ANCOVA) examining a group difference between the 
subjects with PD and the subjects without PD. 

Range of Motion 
Range of motion was assessed against 1 N-m of resistance 
with all axes unlocked, allowing freedom of movement 
in all planes simultaneously. Subjects were instructed to 
move as far as they could in a slow and controlled 
manner. The movement pattern of neutral to full flex- 
ion, to full extension, and returning to neutral was 
examined first. This examination was followed by exam- 
ination of the movement pattern of neutral to full right 
rotation, to full left rotation, and returning to neutral. 
Two assessment trials of each movement pattern were 
performed, with a l-minute break between trials. A 
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Table 2. 
Characteristics of Subiects With PDU 

Hoehn 
and PD 

Subject Age Yahr Duration Current Major 
No. (y) Sex Stage (y) Medication First Symptom Complaint Concurrent Illnessb 

1 61 F II 6 Sinemet 100/25 i tid Slow movement Slow movement Arteriosclerosis 
Visken 5 mg i bid Hammertoe 

2 72 M II 4 Madopar M 100/25 iii tid Poor arm swing Slowness in Gout 
Parlodel 2.5 mg i bid planning Insomnia 
Zyloprim 100 mg i AM movement 
Tofranil 25 mg i PM 

3 53 M l 5 Madopar M 100/25 i tid Poor arm swing Enddose dullness . . . 
Artane 2 mg i bid 
Eldepryl 5 mg i bid 

4 69 F II 5 Sinemet 100/25 iii tid Micrographic General slowness Ischemic heart disease 
Cardiprin 100 i AM Partial thyroidectomy 
Oroxine 0.1 mg i AM 

5 71 F I 1 Sinemet 100/25 1/2 tid Tremor Tremor Varicose veins 
Left mastectomy 

6 79 M l 6 Symmetrel 100 mg i tid Tremor in arm Tired legs . . .  
Sinemet 100/25 i tid 
Parlodel 2.5 mg i tid 

7 62 M II 3 Madopar M 100/25 '/2 tid Tremor in hand Dysphonia . . .  
Symmetrel 100 mg i tid 

8 Excluded 

9 72 F II 5 Sinemet 100/25 i bid Poor hand Stiff right hand . . . 
coordination 

10 77  F II 1 Sinemet 100/25 i tid Tremor in hand Gail endurance Medicated 
Renitec 5 mg i AM hypertension 
Orudis 5 0  mg i AM Arthritis 
Aspirin 300 mg 1/2 AM 

1 1  65 M l 3 2 Madopar 200/50 1/2 tid Micrographia Coordination . . . 
Madopar HBS 100/25 i tid 

12 64 F I 2 Sinemet 100/25 1/2 tid Tremor in hand Tremor Postural hypotension 
Parlodel 2.5 mg 112 tid Osteoporosis 
Artane 2 mg i tid 
Visken 5 mg i AM 

Florinef 0.1 mg i AM 

13 Excluded 

PD=Parkinson's disease, F=female, hl=male, i=one tahlet, bid=twice daily, tid=three times daily, .AM=in the morning, p ~ = i n  the evening 
Ellipsis indicates no  concurrent illness. 

practice trial of each movement pattern was conducted by the computer software. Subjects were instructed to 
15 seconds prior to the first assessment trial. increase pressure against the machine immediately on 

hearing the examiner say "go" and to sustain the pres- 
Isometric Performance sure until they heard the examiner say "stop." Subjects 
During isometric tests (in the order of flexion, exten- were instructed to produce the pressure against the 
sion, right rotation, and left rotation), all axes of the machine as rapidly as possible, but they were warned 
Isostatic~n &'LOO were locked mechanically in the neutral against sudden exertion. Each assessment trial contrac- 
upright position, with maximum resistance also applied tion lasted 6 seconds and was repeated once after a 
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Fiqure. 
Subject positioned in Isostation B200 triaxial dynamometer (blindfolded 
for anonymity only). 

60-second rest, thus creating 2 assessment trials. A prac
tice (submaximal) trial in the appropriate direction was 
performed 15 seconds prior to the first assessment trial 
in that direction. 

Resisted Isoinertial Performance 
Isoinertial assessment requires the subject to move 
against a preselected resistance, which, according to the 
manufacturer of the Isostation 200, remains constant 
throughout the entire range of movement. Resisted 
isoinertial performance of the movement pattern of 
repeated full flexion to full extension was examined first. 
Following 2 submaximal practice repetitions and a 
15-second rest period, one 30-second assessment trial of 
repeated full flexion to full extension was performed. 
During the assessment trial, each individual worked 
against a resistance of 50% of his or her maximum 
isometric torque production ability. Subjects were 
instructed to move as fast, as hard, and as far as they 
could, repeating the full movement pattern until they 
were told to stop. Following a 2-minute rest period, the 
same practice and examination procedure was followed 
for right rotation to left rotation. 

Data Extraction 

Range of motion and isometric performance. For each 
session, the greatest of the 2 ROM measurements and 
the largest of the 2 isometric torques were used for 
analyses. Maximum and average isometric torque pro
duction values were taken from the 5-second period 

Table 3. 
Order and Timing of Practice Trials, Assessment Trials, and Rest 
Periods 

M a i n V a r i a b l e 
Test Type Task Rest 

Range of motion 1. Practice flexion-extension 
2. Assessment 

flexion-extension 
3. Assessment 

flexion-extension 
4 . Practice rotation right-left 
5. Assessment rotation 

right-left 
6. Assessment rotation 

right-left 

7. Practice submaximal flexio 
8. Assessment 6-s flexion 
9. Assessment 6-s flexion 

10. Practice submaximal 
extension 

1 1 . Assessment 6-s extension 
12. Assessment 6-s extension 
13. Practice submaximal right 

rotation 
14. Assessment 6-s right 

rotation 
15. Assessment 6-s right 

rotation 
16. Practice submaximal left 

rotation 
17. Assessment 6-s left rotation 
18. Assessment 6-s left rotation 

19. Practice two-repetition 
(submaximal) 
flexion-extension 

20 . Assessment 30-s 
flexion-extension 

2 1 . Practice two-repetition 
(submaximal) rotation 
right-left 

22 . Assessment 30-s rotation 
right-left 

Isometric performance 

Resisted isoinertial 
performance 

15s 

1 min 

1 min 
1 5 s 

1 min 

2 min 

i 15s 
1 min 
1 min 

1 5 s 
1 min 
1 min 

15s 

1 min 

1 min 

1 5 s 

1 min 
2 min 

15s 

2 min 

15s 

2 min 

immediately following initiation of isometric torque 
development during assessment trials, according to the 
model of Parnianpour et al.18 

Resisted isoinertial performance. Resisted isoinertial 
performance was quantified by examining repetitions 2, 
3, and 4 of the 30-second assessment trial of repeated 
resisted isoinertial movements in the planes of flexion/ 
extension and right rotation/left rotation. Values were 
obtained for maximum and average velocities, power 
and work done, and total ROM in the primary plane of 
motion. 
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Table 4. 
Correlation Coefficients for Test-Retest Reliability [N= 13) 

Flexion Extension Right Rotation left Rotation 

1 N.m resisted motion 
Range of motion .92 

Isometric torque 
Maximum 
Average 

Resisted isoinertial motion 
Range .80 
Maximum velocity .86 

Flexion-Extension Rotation 

Average velocity 
Work 
Power 

During the preliminary analyses, using the Minitab (ver- 
sion 8.2) statistical software package: and ANCOVAs, the 
effects of independent variables were considered. All 
linear independent variables (eg, height, body mass 
index, age) were placed in an ANCOVA (GLM model) 
equation as covariates. For the ANCOVA of each depen- 
dent variable, through a process of stepwise backward 
elimination, variables that were not significant (P>.05 
and F<1.00) were removed from the equation (interac- 
tions being removed first) and the analysis was repeated. 
The exception to this removal process were variables 
that we strongly believed, through clinical experience or 
theoretical knowledge, might influence the results (eg, 
subjects' age and sex). 

When all remaining variables had an F value greater 
than 1.00, the investigatory process was considered com- 
plete and the next dependent variable was examined. 
The rttsidual models of the 4 ROM variables were then 
examined to investigate the consistency of independent 
variables. We wanted to determine, for example, 
whether any given independent variable was not signifi- 
cant yet another variable was always significant and 
whether there was a variable that was consistently 
removed within the first 3 stepwise backward elimination 
processes. Variables that were not significant in any of 
the residual models of the 4 ROM variables were 
excluded from the initial equation for the final analyses. 
Variables that were significant and present in the resid- 
ual model on more than one occasion were always 
retained. The residual models of the group of 4 maximal 
isometric performances were then considered, followed 
by those of the resisted isoinertial performances. Ulti- 
mately, subjects' ages and sex were included in the 
analyses as covariates. All dependent variables were 
examined by ANCOVA (GLM model), using Minitab 

statistical software. Each dependent variable was consid- 
ered in turn and the effect of group (PD or normal) was 
examined (included as a covariate) . 

Results 

Range of Motion (Against I N-m of Resistance) 
For all ROM variables (flexion, extension, right rotation, 
and left rotation), group effects were found (Tab. 5) .  

Maximal Voluntary Isometric Contraction 
Group effects were found for all isometric variables 
(maximum and average flexion, extension, right rota- 
tion, and left rotation) (Tab. 6). 

Resisted boinertial Performance 
,4 group effect was present for all resisted isoinertial 
variables (ROM and maximum velocity in all 4 direc- 
tions: average flexion/extension and rotation velocity, 
flexion/extension and rotation work and power) 
(Tab. 7). 

Hoehn and Yahr Stage 
Following the primary analyses, the subjects with PD 
were further examined to determine whether differ- 
ences in performance existed between subjects classified 
as being in Hoehn and Yahr stage I and subjects classi- 
fied as being in Hoehn and Yahr stage 11. Range of 
motion in extension and maximum and average isoniet- 
ric torque production in extension and right rotation 
were the only variables that showed a group effect 
(Tab. 8). Examination of all of the resisted isoinertial 
variables failed to show the presence of a group effect 
between subjects classified as being in Hoehn and Yahr 
stage I and subjects classified as being in Hoehn and 
Yahr stage 11. 

: Minitab Inc. 3081 Enterprise Dr, State Collegr, PA 16801-3008 
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Table 5. 
Results of Analysis of Variance Examining Group Effect Between PD and Non-PD Groups: Range of Motion (in Degrees) 
Against 1 N.m of Resistance 

PD Group Non-PD Group 

X SD Range X SD Range F P 

Flexion 51.1 2.2 24.0-67.0 59.5 1.9 48.4-73.5 8.23 ,006 
Extension 26.0 1.6 0.9-34.7 30.6 1.4 22.8-34.9 4.82 ,034 
Right rotation 27.2 1.2 12.7-38.5 33.4 1 .O 23.2-42.3 15.88 ,000 
Left rotation 18.2 1.6 5.2-29.1 30.8 1.4 2 1.4-43.5 34.67 .OOO 

" PD=Par-kinson's disease 

Table 6. 
Results of Analysis of Variance Examining Group Effect Between PD and Non-PD Groups: Maximum and Average Isometric Torque Production (in 
Newton-meters)" 

PD Group Non-PD Group 

X SD Range X SD Range F P 

Maximum flexion 82.3 6.1 22.2-1 67.9 1 18.6 5.5 47.6-21 2.7 19.61 ,000 
Average flexion 59.6 5.2 14.6-1 20.8 94.0 4.7 30.4-1 75.1 24.10 ,000 
Maximum extension 58.1 7.2 6.3-1 48.9 1 14.5 6.4 34.9-241.3 34.25 ,000 
Average extension 38.6 6.1 2.7-1 24.5 93.1 5.5 25.7-1 95.0 43.96 ,000 
Maximum RR 33.7 2.7 6.8-61.3 52.2 2.4 18.5-1 08.6 25.51 ,000 
Average RR 24.7 2.4 3.4-50.0 38.2 2.2 13.7-77.4 17.12 ,000 
Maximum LR 23.1 2.8 2.3-40.8 57.0 2.5 20.8-1 15.6 80.1 1 .OOO 
Average LR 14.9 2.3 0.0-30.2 41.5 2.0 1 1.2-77.2 77.06 ,000 

*PD=Parkinson's disease, RR=right rotation, LR=left rotation. 

Table 7. 
Results of Analysis of Variance Examining Group Effect Between PD and Non-PD Groups: Resisted lsoinertial Performanceo 

PD Group Non-PD Group 

X SD Range X SD Range F P 

Flexion ROM (") 50.9 2.1 21.3-67.5 56.5 1.8 41.4-74.4 4.1 1 ,049 
Extension ROM (") 28.5 1.0 6.9-34.2 23.8 1.2 20.9-35.8 9.02 ,005 
RR ROM (") 29.8 1.6 16.8-45.2 39.8 1.3 23.6-48.0 22.71 ,000 
LR ROM (") 24.9 1.7 4.9-41.9 35.6 1.4 13.1-46.8 23.73 ,000 
Maximum flexion velocity ("/s) 68.4 5.7 20.6-1 19.0 100.8 4.7 60.3-159.9 19.14 ,000 
Maximum extension velocity ("/s) 72.2 6.6 20.6-1 16.7 102.4 5.5 55.6-185.4 12.51 ,001 
Average flexionextension velocity ("/s) 36.2 3.6 7.1-57.1 55.0 30.0 25.5-98.5 15.81 ,000 
Maximi~m RR velocity ("/s) 39.7 3.9 13.2-84.9 72.8 3.2 28.1-123.5 43.66 ,000 
Maximum LR velocity ("/s) 39.0 3.7 15.1-84.9 69.1 3.1 18.7-1 17.9 38.90 ,000 
Average RR-LR velocity ("/s) 21.4 2.8 6.4-51.3 41.6 2.3 10.6-76.1 31.00 ,000 
Flexionextension work (N-m) 232.0 30.9 14.3-637.9 449.4 25.7 188.2-865.2 29.33 ,000 
RR-LR work (N.m) 66.9 17.4 8.7-171.4 208.2 14.5 35.8-445.6 38.00 ,000 
Flexion-extension power (N.m/s) 21.1 6.1 0.7-65.7 57.2 5.1 13.1-160.1 20.53 .OOO 
RR-LR power (N.m/s) 4.9 2.8 0.5-18.2 23.3 2.3 2.4-66.8 25.00 ,000 

" PD=Parkinson's disease, RR=right rotation, LR=left rotation, ROM=r-ange of motion 

Discussion and Conclusion trunk muscle performance between people with PD and 
Our main finding was that the subjects with PD exhibited people without PD. 
deficits in both axial torque production and available 
ROM in the directions of flexion, extension, left rota- It is widely accepted that people with PD have less 
tion, and right rotation. Many clinicians have suspected difficulty with motor function in response to external 
that trunk muscle weakness is associated with PD, and sensory stimuli than with internally generated or self- 
our study documented the substantial difference in initiated m o ~ e m e n t s . ~ ~ . ~ ~ - 2 ~  Verbal cues of examiners 
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Table 8. 
Results of Analysis of Variance Examining Group Effect Between Hoehn and Yahr Stages I and IIo 

Hoehn and Yahr Stage I Hoehn and Yahr Stage II 

X SD Range X SD Range F P 

Range of motion ("1 - 1 N.m of 
resisted motion 

Flexion 56.39 3.8 40.2-72.6 47.62 3.3 24.0-61.9 2.76 ,115 
Extension 31.97 3.1 12.5-34.7 21.30 2.7 0.9-34.2 6.24 .023 
RR 28.63 2.1 17.6-38.5 26.20 1.9 12.7-40.7 0.68 ,420 
LR 21.13 3.1 6.7-32.9 16.03 2.8 5.2-29.5 1.35 ,261 

Isometric torque production 1N.m) 
Maximum flexion 91.57 9.6 22.2-142.5 74.93 8.5 22.2-1 67.9 1.52 ,235 
Average flexion 70.09 6.7 14.6-120.8 50.23 6.0 16.7-104.8 4.42 ,051 
Maximum extension 81.42 7.9 25.3-148.9 36.29 7.0 6.3-101.4 16.80 ,001 
Average extension 63.35 6.4 18.1-124.5 25.02 5.7 2.7-74.1 18.06 ,001 
Maximum RR 38.02 2.3 15.9-61.3 29.05 2.1 6.8-54.5 7.62 ,013 
Average RR 29.76 2.1 11.2-50.0 19.71 1.8 3.4-40.7 12.22 ,003 
Maximum LR 23.85 2.3 6.8-40.8 20.89 2.0 2.3-38.6 0.84 .373 
Average LR 15.76 2.1 2.3-28.3 12.83 1.8 0.9-30.2 1.01 ,329 

" RR=right rotariou, LR=left rotation 

during muscle testing provide an additional auditory 
stimulus that could assist people with PD in force 
generation. Because such additional stimuli are not 
present during an individual's daily life, the weakness 
may be more pronounced during functional activities. 
Verbal cues, therefore, may be a confounding variable, 
with the potential to cause discrepancies between 
patient reports of weakness and the results of manual 
muscle testing. Although such verbal cues were present 
during testing in our study, a deficit in torque produc- 
tion remained evident, implying a weakness of such an 
extent that it could not be compensated for by auditory 
stimulation or central activation. 

Some authors1 propose that it is the rate of muscle 
torque development that may be deficient, as opposed to 
the maximum torque production, which causes people 
with PD to feel muscular weakness. Manual muscle 
testing is not designed to measure "tardiness" of torque 
production, and, given time, the person with PD may be 
able to achieve a level of force perceived by the examiner 
as "normal." S t u d i e ~ ~ , ~ ~ ~ ~ ~ ~ ~  examining the rate of force 
generation are in agreement; the average time taken to 
reach target forces has been shown to be longer in 
people with PD. Jordan and associates1 found no differ- 
ence in maximal isometric grip torque development 
between subjects with PD and subjects without PD, 
although the rate of force generation was slower among 
the subjects with PD. This result is supported by studies 
of isometric elbow f l e x i ~ n . ~ , ~ . ~ . ~ ~  In contrast to many 
studies but supported by the results of a study by Corcos 
et al,%ur subjects with PD demonstrated a decrease in 
maximum torque production capability, leading us to 
suspect thzt a theory solely attributing perceived weak- 
ness to diminished rate of contraction is incomplete. 

By investigating differences in performance between 
subjects classified as being in Hoehn and Yahr stage I 
and subjects classified as being in Hoehn and Yahr 
stage 11, we examined changes in trunk function and 
disease progression. No differences were found at a level 
of statistical significance for any variables, but this find- 
ing may be attributable to the small number of subjects 
in each group (n=5 and n=6, respectively). Both ROM 
into extension and extensor isometric torque produc- 
tion, however, revealed a group effect between Hoehn 
andYahr stages I and 11. This result is in keeping with the 
observations of Corcos et a 1 , h h o  found a greater 
reduction in strength in extension than in flexion in 
subjects after withdrawal of medications. Both our 
results and those of Corcos et a1 suggest that extensor 
muscles become weaker than flexor muscles as the 
disease progresses, leading to a tendency to adopt flex- 
ion postures. 

Verbal encouragement may confound results by facilitat- 
ing the performance of people with PD, although this 
did not appear to be the case in our study. Verbal 
encouragement was provided by Koller and Kasey during 
motor tests involving moving a set weight through a 
given range and by Yanagawa et a14 during an isometric 
task, but Jordan et all appear to have withheld such 
encouragement. Surprisingly, therefore, Jordan and 
associates' subjects showed no deficiency in maximum 
isometric torque production, yet performance of sub- 
jects with PD in the studies where encouragement was 
provided was less than that of their counterparts without 
PD. In addition, our subjects with PD showed lesser 
performance in ROM, isometric, and isokinetic testing 
as compared with the subjects without PD. 
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Our results regarding a deficiency of isometric torque 
production support the hypothesis of Corcos et alQhat 
people with PD are impaired in their ability to generate 
peak torque. These results, however, are in contrast to 
those of Jordan et all and Koller and K a ~ e , ~  who found 
no difference in isometric torque production of distal 
muscles between subjects with PD and subjects without 
PD. Koller and Kase2 proposed that as the basal ganglia 
are prinlarily involved in the use of some muscles to 
produce a movement, isometric torque production need 
not be affected adversely. Jordan et all and Corcos et a1,6 
however, documented changes in latency, rate of gener- 
ation, and relaxation, indicating that isometric torque 
production is not spared in the disease process. 

Jordan et all and Koller and Kase2 studied subjects with 
early PI). Yanagawa and associates4 studied subjects 
classified as being in Hoehn and Yahr stages I to IV. 
Corcos et a16 did not indicate the Hoehn and Yahr stages 
of their subjects. Yanagawa and associates4 found people 
with PD to be deficient in performance of maximum 
isometric ankle dorsiflexion, a result that is consistent 
with our study. Koller and Kase2 and Yanagawa et a14 
studied distal musculature, as opposed to the proximal 
musculature we examined. Given the premise, sup- 
ported by findings of animal studies, that proximal 
musculature is more under the control of the structures 
affected by PD and may be affected to a greater extent 
than distal m u s c ~ l a t u r e , ~ ~ , ~  the differences in results 
among reports of isometric performance are interesting. 
It is possible that axial musculature is affected by weak- 
ness in the early stages of the disease. Alternatively, distal 
musculature may demonstrate only subtle changes in 
isometric torque production until later in the disease 
process. 

Deficits in muscle performance when moving a set 
weight through a given range have been addressed to a 
lesser extent in the literature. As recognized by Jordan et 
a],' the results of studies examining isometric tasks and 
the results of studies examining isokinetic tasks should 
be compared with care because tasks involving move- 
ment require movement preparation, distance estima- 
tion, spatial orientation, and selection of appropriate 
forces. Cognitive contributions to task verformance, 

Functional weakness, characterized by decreased muscle 
torque production ability and ROM, may be the result of 
many coexisting factors. Disrupted motor planning,' 
peripheral neuromuscular changes,hltered characteris- 
tics of the noncontractile muscle  element^,^ abnormal 
discharge characteristics of motor units," disuse weak- 
n e s ~ , ' ~  and muscular rigidity23 have all been considered 
by researchers in the past. Regardless of the cause, 
decreased ability to develop torque can result in a 
perception of weakness for people with PD. 

The results of our study emphasize the importance of 
addressing altered trunk muscle function in patients 
from the time of diagnosis of their PD. A deficiency in 
trunk muscle performance has been shown to occur in 
the very early stages of the disease, particularly in the 
trunk extensors and rotators. 

Further research is needed to investigate whether rela- 
tionships exist between trunk muscle performance and 
function and to develop treatment regimens that could 
minimize the effect of the disease process on trunk 
muscle performance, thereby delaying or preventing 
associated disability and maximizing the quality of life of 
persons with PD. 
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