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Abstract

Individuals with Parkinson’s disease (PD) have difficulties rising from a chair; however, factors
contributing to this inability have never been investigated. This study compared lower extremity
strength between individuals with PD and healthy controls and quantified the relationships
between strength and the ability to rise from a chair. Ten males with mild PD and ten male age-
matched controls performed maximal concentric, isokinetic knee and hip extensor torque on an
isokinetic dynamometer to quantify muscle strength. Subjects also rose from a chair at their
comfortable pace without the use of their arms and the duration of this task provided a measure of
sit-to-stand (STS) ability. Subjects with PD were tested in an on- and off-medication state on
different days. Mean hip and knee extensor torques were less in subjects with PD, with greater
deficits found at the hip. Greater hip strength was related to better STS ability in subjects with PD
while greater knee strength was related to better STS ability in controls. These results show that
individuals with mild PD generate smaller extremity forces compared to controls. Reduced
strength, particularly at the hip, may be one factor that contributes to the difficulty of persons with
PD to rise from a chair.
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INTRODUCTION

Rising from a chair, bed, or toilet is a physically demanding function required for
independent living. In a survey of 101 individuals with Parkinson’s disease (PD), 81% of
respondents reported having difficulty with rising from a chair.! Despite the apparent
difficulties that these individuals have with this functional task, the ability to rise from a
chair in PD has never been investigated. The sit-to-stand task (STS) requires greater lower
extremity strength and range of motion compared to walking or stair climbing.? In particular,
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large hip and knee extensor muscle forces are required at the point when the buttocks lift
from the chair.34 In fact, older adults have been reported to use up to 87% of their available
knee strength to rise from a knee height chair> and up to 97% of available knee strength to
rise from a low chair height.®

Although a reduced rate of muscle force production has been documented in PD,”-9
evidence to support a reduced magnitude of force in persons with PD is less definitive. The
mixed results may be a result of the specific muscles tested, the severity of the disease, the
type of muscle action, or the specific strength variable measured. Jordan et al.8 found no
difference in the maximal isometric hand grip force between control subjects and individuals
with PD. Stelmach and Worringham? reported a reduction in isometric elbow flexor force in
PD patients that did not reach statistical significance. Koller and Kasel? reported no
significant difference between groups for isometric grip strength, however, compared to
controls, subjects with PD demonstrated a significant decrease in dynamic (isotonic)
strength for the wrist, arm and knee. Others have reported asymmetry of muscle strength in
PD!! and reduction of strength following withdrawal of medications’12 which suggests that
reduced strength could be attributed to the disease process.”11

Few studies have examined the relationship between muscle strength and functional
performance in persons with PD. One study3 found a relationship between isokinetic
strength of the ankle dorsiflexors and gait variables (velocity, stride length) in males, but not
females with PD. Another study8 reported a low correlation (r=0.45) between the rate of
isometric force generation measured with a hand grip dynamometer and motor disability in
PD assessed with the Kings College Rating Scale (a rating scale of activities of daily living).
A more recent studyl4 reported moderate increases in knee flexor and extensor strength and
improved static standing balance, in persons with PD following a strength and balance
training program. These preliminary studies suggest that in PD, there may exist relationships
between strength and function.

The purpose of this study was to compare the ability to generate force of the hip and knee
extensor muscles, as assessed by the torque measured by an isokinetic strength
dynamometer, among three groups: 1) persons with PD in an off-medication state (PD-off),
2) persons with PD in an on-medication state (PD-on), and 3) age-matched controls.
Secondly, the relationships (correlations) between ability to rise from a chair (duration of
one STS maneuver) and lower extremity strength were assessed. This is the first study to
evaluate the role of lower extremity strength and the ability to rise from a chair in persons
with PD.

Ten male subjects with PD (mean + 1 standard deviation; age=64.1 + 10.1 years; mass=84.0
+ 4.5 kg; height=173.9 + 5.7 cm) and ten male age-matched control subjects (age=65.5

+ 12.4 years; mass=80. 1 + 9.7 kg; height=176.5 + 8.7 cm) were recruited from local PD
support organizations and medical clinics. Inclusion criteria for subjects with PD included 1)
clinical diagnosis of PD for a minimum of one year, 2) ability to rise from a chair, without
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the use of armrests in the off-state, and 3) no other neurological, orthopaedic, or
cardiovascular condition(s) which could affect their ability to perform the STS task. The PD
subjects fulfilled published criteria for clinically definite Parkinson’s diseasel® and other
forms of Parkinsonism had been excluded. In addition, subjects with PD were all responsive
to levodopa. All subjects were informed of the research procedures before they gave written
consent. The experimental protocol was approved by the local university and hospital ethics
committee.

Quantitative sit-to-stand assessment

Subjects with PD were tested on two different days, two or three days apart, to minimize
fatigue and were randomly assigned to commence the first testing in either an on-medication
(on-state) or off-medication state (off-state). On both days, the motor section of the Unified
Parkinson’s disease rating scale (UPDRS)6 and Hoehn and Yahr scalel” were assessed.
Testing commenced between 8:00 a.m. and 10:00 a.m. and required an overnight withdrawal
of medications for the off-state testing (CAPIT guidelines).18 Control subjects were tested
during a single morning test session.

Subjects sat on an armless, backless, height adjustable chair instrumented with a six
component force plate (Bertec Corp, Columbus, OH) under the buttocks. An Optotrak
(Northern Digital, Waterloo, Canada) imaging system was used to track infrared emitting
markers attached to the subjects’ ears with double-sided tape to track motion of the head.

The chair height was adjusted for each subject to allow for a 90a angle at the knee, in
sitting. The start position for each subject was with the feet 20 cm apart and with thigh
support so that the distance between the anterior edge of the chair and the most anterior
point of the patella was 20 cm. Subjects performed approximately 10 to 15 sit-to-stand trials
at their own pace (self-paced trials) without the use of their arms (subjects kept their arms
relaxed by their sides). Six seconds of simultaneous force plate and kinematic data were
collected for each trial.

Data were analyzed for five self-paced trials for PD-on, PD-off, and for controls. The first
five trials that did not have any obstructed markers were used for the analysis. Movement
onset was identified from the force plate under the buttocks as the initial horizontal force
beyond a baseline level. Movement termination was identified as the point in time when the
vertical movement of the right ear marker reached a plateau. The duration of the task was
defined as the number of seconds to complete one STS maneuver.

Computerized isokinetic strength testing

A Kin-Com Isokinetic Dynamometer (Chattanooga Group Inc., TN) was used to test the
bilateral concentric, isokinetic hip extensor strength in a supine posture and knee extensor
strength in an upright seated posture with 90° of hip flexion. These measurements were
chosen based on the findings of previous studies that have reported that the largest joint
forces generated during the STS task are from the knee and hip extensors.*1° The Kin-Com
has been shown to be accurate and reliable for position, velocity and force.2921 The
calibration of the instrument was tested prior to the study with known weights and was
accurate to within +/= 1 N. Three submaximal cycles and one maximal cycle were
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completed as practice prior to the collection of three maximal repetitions at 45°/sec as per
the protocol described by Kramer.22 Average torque over the range was calculated and was
normalized by the subject’s body mass as recommended by Brown.23 Test-retest reliability
over separate days for five subjects with PD produced high intraclass correlations (as
categorized by Munro et al.24 where 0.26-0.49=low correlation; 0.50-0.69=moderate; 0.70-
0.89=high; 0.90-1.00=very high) for both isokinetic measures and sit-to-stand duration.

Statistical Analysis

Results

Paired t-tests were used to determine whether the age-matched groups were similar for age,
mass, height and activity level. One-way AVOVAs blocked for subject were used to compare
differences between the three groups (PD-on, PD-off and age-matched controls) for 1) hip
torque, 2) knee torque and 3) STS duration. Post-hoc analyses using Tukey’s test were
undertaken when applicable. Pearson product correlations were used to assess relationships
between the ability to rise from a chair (STS duration) and lower extremity strength (torque
of the hip and knee). An alpha level of .05 was used to identify statistical significance.

Subject characteristics are summarized in Table 1 (PD). Due to the inclusion criteria (e.g.,
able to rise from a chair in an off-state), subjects with PD were mildly affected by the
disease, as indicated by a mean of 2.1 on the modified Hoehn & Yahr scalel” and low motor
UPDRS score (on-state=11, off-state= 17.4 out of a maximum of 108). Mild PD also
minimized the possible effects of deconditioning and inactivity which are often associated
with advanced stages of PD. There was no difference in the Hoehn & Yahr scale between on
and off-states. All 10 subjects with PD were right side dominant with seven subjects affected
to a greater extent on the right side. The number of hours of physical activity (generally
moderate activities were reported, e.g., walking, golf, gardening) was similar between
groups with the means of 2.7p2.1 and 2.6p31.7 hours per week for the PD and control groups,
respectively. There was no statistical difference between the two groups for age, sex, height,
mass and activity level.

There was low variability within the trials of each subject for each condition; coefficients of
variation were less than 11% (standard deviation/mean of trials x 100) for both STS duration
measures and strength measures.

Knee and Hip Torque

No significant differences were found for the hip or knee torques between the dominant (as
identified by self-report) and non-dominant limb for the controls or between the most
affected (as identified by self-report) and least affected limb of the subjects with PD. Thus,
the subsequent ANOVA analyses compared the three groups: 1. dominant limb for the
controls, 2. most affected limb of the subjects with PD in the on-state, and 3. most affected
limb in the off-state. Significant differences among the three groups were found for hip
torque (F(2,18)=4.5, p< 0.05) and knee torque (F(2,18)=9.0, p < 0.05). The post-hoc
analyses found the hip and knee torques of the control group were greater than the PD
groups (Table 2), however, the PD-on and PD-off groups were not different. The torque for
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the hip extensors in PD-on were only 70% of the value for controls while torque for the knee
extensors in PD-on was 90% of the value for controls.

Ability to rise from a chair

Significant differences were found among the three groups for duration of the STS
(F(2,18)=6.8, p < 0.05). The post-hoc analyses found that the self-paced duration of the STS
for the PD-off was significantly slower than PD-on and controls. The duration of the STS for
PD-on and the controls was the same (1.86 and 1.89 seconds, respectively).

Relation between strength and function

Using the correlational descriptors of Munro et al.24 (0.26-0.49=low correlation; 0.50—
0.69=moderate; 0.70-0.89=high; 0.90-1.00=very high), correlations were high between hip
torque and STS duration in PD for the on-state and off-state (r= -0.71 and r= -0.80,
respectively, p < 0.05), but were not significantly related to knee torque (p > 0.05). In
contrast, controls demonstrated a moderate correlation between knee torque and STS
duration (r=-0.67, p < 0.05), but STS duration was not related to hip torque (p > 0.05).
Therefore, for subjects with PD, the greater the hip strength, the faster they performed the
STS, while for controls, the greater the knee strength, the faster they performed the STS.

Discussion

Lower extremity torque is reduced in PD

At both the hip and the knee, the controls produced greater torque values compared to
subjects with PD. The greater deficit at the hip compared to the knee joint may relate to
suggestions that there is greater proximal versus distal motor impairment in PD.25 It is
possible that the reduced extensor strength that we noted may be a contributing factor to the
flexed posture observed in later stages of PD, however, none of these subjects with PD yet
exhibited any noticeable postural changes and the mean score for posture on the UPDRS
score was 0.5 where 0 is “normal erect” and 1 is “not quite erect, normal for older person”.

Central mechanisms could contribute to a reduced ability to generate torque in PD where
reports of firing irregularities of single motor units in PD have been attributed to an
alteration of central input to the motor neuron pool.28:27 |n addition, peripheral changes have
been reported in PD, e.g., muscle biopsies taken from the biceps brachii?® and tibialis
anterior2 from persons with PD have shown increased type | fibres and decreased type I
fibres. However, it is not known if these muscle changes are attributed to the disease process
or if these changes are secondary to reduced mobility. In the current study, subjects had mild
PD and were as active as the control group, hence, reduced mobility was not likely an
important factor.

Some authors have suggested that strength differences between the more and less affected
sides11:30 or between an on and off-state in PD,’ indicate that decreased strength is due to
the effects of the disease process. However, since the subjects with PD who participated in
this study were affected by the disease to a mild degree, the lack of differences between on
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and off-state strength testing and between sides does not exclude that the reduced strength
found in subjects with PD was due to central mechanisms.

It is possible that the clinical symptoms of tremor and rigidity may have affected torque
generation, however, the degree of rigidity and tremor were very low for all the subjects in
this study. Furthermore, others have reported that reduced strength in PD does not correlate
with the degree of rigidity and tremor.10:31

Hip strength is related to the ability to rise from a chair in PD

Differences in the relationship between strength and ability to rise from a chair were not due
to how quickly the task was performed because the PD-on and control group completed the
STS at the same speed. STS ability in subjects with PD appeared to be more dependent on
the hip than on the knee. This finding may have resulted from the greater reduction in force
generating ability of the hip and suggests that hip strength is a limiting factor in the
performance of STS in the subjects with PD.

The dependence on the hip in the subjects with PD, compared to the dependence of the knee
in the age-matched controls, may also reflect different motor control strategies used by these
two groups to rise from a chair. In healthy subjects, Doorenbosch et al. (1994)32 reported
that a STS which involved greater trunk flexion resulted a greater extensor torque about the
hip, reduced extensor torque about the knee, increased activation of the hamstrings and
reduced activation of the rectus femoris muscles. Such a strategy could potentially explain
the greater dependence on the hip muscles in our subjects with PD. Riley et al. (1997)33
suggested that the altered movement strategies which they documented in older adults who
had difficulty rising from a chair, may stem from muscle weakness, poor postural control, in
addition to impaired coordination of body momentum and joint torque.

The finding that hip muscle strength accounted for 50% (PD-on) and 64% (PD-off) of the
variability in STS performance is notable, given the large number of factors which could
potentially affect STS performance. It would be useful in the future to develop a multivariate
regression model which includes factors such as balance function, rate of muscle force
production, joint range of motion, in addition to muscle strength to delineate the
contributions of different variables to STS performance.

Implications for strength training

Strength training has not been traditionally included as treatment of PD.3# The results from
this study showed that subjects with PD have a reduced ability to generate force into hip and
knee extension and that hip strength is related to their ability to rise from a chair. However,
since correlation studies do not infer causation, further research is required to evaluate
whether improving lower extremity muscle strength would lead to improved STS
performance.

While we were able to detect a reduced ability to generate force in subjects with PD, the
relative contribution of the central and peripheral system could not be assessed. However, in
support of a strengthening program, studies with healthy elderly subjects have shown that
such a strengthening program can prevent weakness secondary to disuse atrophy.343% It has
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also been documented that strengthening in healthy elderly has been associated with
increased motor unit recruitment3® and neural adaptations such as increased consistency of
EMG activity.3” Therefore, motor unit abnormalities seen in persons with PD26:27 may be
amenable to change with a strengthening program.34

Limitations of the study

The small sample size precluded analyses using multivariate regression where greater
numbers of subjects would be required. In addition, the small sample size may have also
increased the chance of a Type Il error.

Acknowledgments

Financial support was provided by the Canadian Institute of Health Research (MT-14318), the BC Medical Services
Foundation, and the BC Health Research Foundation

References

1. Brod M, Mendelsohn GA, Roberts B. Patient’s experiences of Parkinson’s disease. J Gerontol.
1998; 53:213-222.
2. Berger RA, Riley PO, Mann RW, Hodge WA.. Total body dynamics in ascending stairs and rising
from a chair following total knee arthroplasty. Trans Orthop Res Soc. 1988; 13:542.
3. Kotake T, Nobuyuki D, Toshio K, Sumi N, Koyama Y, Miura T. An analysis of sit-to-stand
movements. Arch Phys Med Rehabil. 1993; 74:1095-1099. [PubMed: 8215863]
4. Schenkman M, Berger RA, Riley PO, Mann RW, Hodge WA. Whole-body movements during rising
to standing from sitting. Phys Ther. 1990; 70:638-651. [PubMed: 2217543]
5. Alexander NB, Schultz AB, Ashton-Miller JA, Gross MM, Giordani B. Muscle strength and rising
from a chair in older adults. Muscle & Nerve. 1997; (supple5):S56-S59. [PubMed: 9331386]
6. Hughes MA, Myers BS, Schenkman ML. The role of strength in rising from a chair in the
functionally impaired elderly. J Biomech. 1996; 29:1509-1513. [PubMed: 8945648]
7. Corcos DM, Chen C-M, Quinn NP, McAuley J, Rothwell JC. Strength in parkinson’s disease:
Relationship to rate of force generation and clinical status. Ann Neurol. 1996; 39:79-88. [PubMed:
8572671]
8. Jordan N, Sagar HJ, Cooper JA. A component analysis of the generation and release of isometric
force in Parkinson’s disease. J Neurol Neurosurg Psychiatry. 1992; 55:572-576. [PubMed:
1640233]
9. Stelmach GE, Worringham CJ. The preparation and production of isometric force in parkinson’s
disease. Neuropsychologia. 1998; 26:93-103.
10. Koller WC, Kase S. Muscle strength testing in parkinson’s disease. Eur Neurol. 1986; 25:130-133.
[PubMed: 3948887]

11. Kakinuma S, Nogaki H, Pramanik B, Morimatsu M. Muscle weakness in parkinson’s disease:
Isokinetic study of the lower limbs. Euro Neurol. 1998; 39:218-222.

12. Pedersen SW, Oberg B. Dynamic strength in Parkinson’s disease. Eur Neurol. 1993; 33:97-102.
[PubMed: 8467832]

13. Pedersen SW, Oberg B, Larsson L-E, Lindval L. Gait analysis, isokinetic muscle strength
measurement in patients with Parkinson’s disease. Scand J Rehab Med. 1997; 29:67-74.

14. Toole T, Hirsch MA, Forkink A. The effects of a balance and strength training program on
equilibruim in parkinsonism: A preliminary study. Neuro Rehabil. 2000; 14:165-174.

15. Calne DB, Snow BJ, Lee C. Criteria for diagnosing Parkinson’s disease. Ann Neurol. 1992;
32:5125-S127. [PubMed: 1510370]

16. Fahn, S., Marsden, CD., Calne, D., Goldstein, M. Recent Developments in Parkinson’s Disease.
\ol. 2. Florham Park, NJ: MacMillan Health Care Information; 1987. p. 293-304.

Mov Disord. Author manuscript; available in PMC 2012 October 15.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHIO

1duosnue Joyiny gHID

Inkster et al.

17.
18.

19.

20.

21.

22.

23.
24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 8

Hoehn MM, Yahr MD. Parkinsonism: onset, progression, and mortality. Neurol. 1967; 17:427-442.
Langston JW, Widner H, Goetz CG, et al. Core assessment program for intracerebral
transplantations. Mov Disord. 1992; 7:2-13. [PubMed: 1557062]

lkeda ER, Schenkman ML, Riley PO, Hodge WA. Influence of age on dynamics of rising from a
chair. Phys Ther. 1991; 71:473-481. [PubMed: 2034710]

Mayhew TP, Rothstein JM, Finucane SDG, Lamb RL. Performance characteristics of the kin-com
dynamometer. Phys Ther. 1994; 74:1047-1054. [PubMed: 7972366]

Farrell M, Richards JG. Analysis of the reliability and validity of the kinetic communicator
exercise device. Med Sci Sports Exer. 1986; 18:44-49.

Kramer JF. Reliability of knee extensor and flexor torques during continuous concentric-eccentric
cycles. Arch Phys Med Rehabil. 1990; 71:460-410. [PubMed: 2350212]

Brown, LE. Isokinetics in human performance. Champaign: Human Kinetics; 1993.

Munro, BH. Statistical Methods for Health Care Research. Phildelphia: JB Lippincott Co; 1997.
Bridgewater KJ, Sharpe MH. Trunk muscle performance in early parkinson’s disease. Phys Ther.
1998; 78:567-576.

Dengler R, Konstanzer A, Gillespie J, Argenta M, Wolf W, Struppler A. Behavior of motor units in
parkinsonism. Adv Neurol. 1990; 53:167-173. [PubMed: 2173369]

Glendinning DS, Enoka RM. Motor unit behavior in Parkinson’s disease. Phys Ther. 1994; 74:61—
70. [PubMed: 8265729]

Edstrom L. Selective changes in the sizes of red and white muscle fibres in upper motor lesions and
parkinsonism. J Neurol Sci. 1970; 11:537-550. [PubMed: 5490728]

Rossi B, Siciliano G, Carboncini MC, et al. Muscle modifications in parkinson’s disease:
myoelectric manifestations. Electroencephalogr Clin Neurophysiol. 1996; 101:211-218. [PubMed:
8647033]

Nogaki H, Fukusako T, Sasabe F, Negoro K, Morimatsu M. Muscle strength in early Parkinson’s
disease. Mov Disord. 1995; 10:225-226. [PubMed: 7753069]

Yanagawa S, Shindo M, Yanagisawa N. Muscular weakness in parkinson’s disease. Adv Neurol.
1990; 53:259-267. [PubMed: 2239464]

Doorenbosch CAM, Harlaar J, Roebroeck ME, Lankhorst GJ. Two strategies of transferring from
sit-to-stand; the activation of monoarticular and biarticular muscles. J Biomech. 1994; 27:1299-
1307. [PubMed: 7798280]

Riley PO, Krebs DE, Popat RA. Biomechanical analysis of failed sit-to-stand. IEEE Trans Rehabil
Eng. 1997; 5:353-359. [PubMed: 9422460]

Glendinning DS. A rationale for strength training in patients with Parkinson’s disease. Neurol Rep.
1997; 21:132-135.

Judge JO, Whipple RH, Wolfson LI. Effects of resistive and balance exercises on isokinetic
strength in older persons. J Am Geriatr Soc. 1994; 42:937-946. [PubMed: 8064101]

Frontera RW, Hughes VA, Dallal GE, Evans WJ. Reliability of isokinetic muscle strength testing in
45- to 78-year-old men and women. Arch Phys Med Rehabil. 1993; 74:1181-1185. [PubMed:
8239959]

Enoka RM. Muscle strength and its development. Sports Med. 1988; 6:146-168. [PubMed:
3055145]

Rosner, B. Fundamentals of Biostatistics. Duxbury: Pacific Grove; 2000.

Mov Disord. Author manuscript; available in PMC 2012 October 15.



Page 9

Inkster et al.

CIHR Author Manuscript

‘auodes)o) = |0l ‘sundudowolg = wolg ‘sjoiiuidoy =doy ‘edopigsesredopons) ¥9 (Bw) asop Ajrep [e10) 8y} aJe sanjeA uo._N

"(0Z# Wial) oz=wnwixew ‘A

1 Bunos|yel swal sHAdN

9
AHN pue oc# mEm:v gZ=wnuwixew ‘lowan uonoe pue m:_wwm‘_ m:_uom_hm: swia)l wan_Dm
(T€ pue '92'G2'v2'€2# SWel) ge=wnwixew ‘e1ssuiApeiq Bunos|yel swal SHAN ,
S0T=Wwnwixew al109s 1010|/ 8103S 81€]1S-}J0/3103S 31e)s-uo Ammn_n_Dv 9|eds m:_”_@m 9SeasIp s, uosuidted pa _:Dm.
$109[QnNs |[e 10} ‘Sa1e]S JJO pUe UO J0) 8103S SWES - JYBA pue EmoIN
Ad Jo sisoubeip yum sieak jo :EE:ZN
99T 00T 526C gvi6r L0 ST s
Lele  9TUST TULY VITIT T vy ueay
¢ doy 00€ 10L §2/00€ O 0/0 et 8ly vIL ST 1 o1
§'ZT/0S PUe 002/008 071 ay T ST ST/9 z S 6
€ doyd 00T/007 071 T/0 VIt LIS zn/9 T 9 8
002 101 0T doy §22/006 01 Ty 9/0 v/E s1L ST L L
/'€ 019 G2/00€ 1 9z 0/0 0T/0T T St € 9
Gz'e doy §2/0G2 01 8ly ot s/5 6IVT  GT z S
00T/00% 21 v/E ey 1112 €zt € g 4
0ST/005 01 e S/9 s/5 €1/t z v €
SZT/00S 01 sz 0/0 01/6 9z/0z € g z
§'21/05 01 €1z T LIE S1/6 4 € 1
JUOIROIBBIN  gAlPIBIY  glowell  yesouniApeld  SHAdN OO ZABH  AdSIOA N
s198lqns ad Jo Arewiwins elep [ealuljd
T 3lqelL

CIHR Author Manuscript

CIHR Author Manuscript

Mov Disord. Author manuscript; available in PMC 2012 October 15.



1duasnue Joyiny YHIO 1duosnue Joyiny YHID

iduosnuely Joymny yHID

Inkster et al.

Table 2
Mean (SD) Torque and Sit-to-Stand duration
Group PD-off PD-on Control
Sit-to-stand duration (sec) 1.97 (0.27)2 1.86 (0.37) 1.89(0.16)

Hlp Extensor TOI’qUG (Nm/kg) 0.76 (030)0’ 0.68 (019) 0.96 (032)b

Knee Extensor Torque (Nm/kg)  1.00 (0.22) 1.07(0.16) 113 (0.24)¢

PD-off=Parkinson’s disease group, off-medication state; PD-on=on-medication state; Control=age-matched control
aTukey’s Test, PD-off significantly different from PD-on and Control, p < 0.05

bTukey‘s Test, Control significantly different from PD-on, p < 0.05

cTukey’s Test, Control significantly different from PD-on and PD-off, p < 0.05

d . TS
Tukey’s Test, PD-off different from control, p < 0.10 (trend towards statistical significance as defned by Rosner38)
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