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We evaluated lower extremity isokinetic muscle strength to determine affected muscle groups and their
dependence on movement velocity, and to establish the relationship between muscle strength and clin-
ical severity, as well as muscle strength and falls, in Parkinson’s disease (PD). Twenty-five patients diag-
nosed with PD and 24 healthy volunteers were enrolled in this study. Lower extremity muscle strength
was measured using an isokinetic dynamometer. Each participant’s clinical status was examined in
accordance with the Unified Parkinson’s Disease Rating Scale; fall history was also recorded. We observed
a significant decrease in isokinetic muscle strength in the patient group, especially in both hip and knee
flexors and extensors. Decreased muscle strength was independent of velocity, and correlated with clin-
ical severity and falls. Movement velocity-independent lower extremity isokinetic muscle weakness has
been observed in patients with PD, especially in the knee and hip joints. The evaluation of isokinetic mus-
cle strength may be a useful tool for the assessment of clinical severity and falls in PD.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Parkinson’s disease (PD) is a common neurodegenerative condi-
tion characterized by slowness of movement (bradykinesia), stiff-
ness of the muscles (rigidity), tremor, balance disturbances, and a
progressive decrease in motor function.1–3 When combined with
additional factors, decreased muscle strength can lead to falls
among elderly patients, causing fractures, joint dislocations, severe
soft tissue lesions, and head trauma.4,5 Available statistics indicate
the fall rate is higher among people with PD compared to healthy
elderly individuals.4,6

Muscle weakness is one of the main symptoms of PD.7 In recent
clinical trials, decreased muscle strength has been observed in pa-
tients with PD.8–12 Kakinuma et al. measured the isokinetic muscle
strength of knee extension and flexion and observed isokinetic
strength reduction on the side more affected by PD.12 Nallegowda
et al. tested the strength of the trunk, hip, and ankle flexor and
extensor muscles using isokinetic measurements, and reported a
decrease in strength in all the flexor and extensor muscle groups.9

Pedersen et al. obtained lower isokinetic concentric torque results
on quantitative assessment of dorsiflexors for patients with PD
compared to control subjects.10 Inkster et al. observed that reduced
strength of the hip muscles contributes to the difficulty experi-
enced by patients with PD in rising from a chair.11 Finally, Nogaki
et al. hypothesised that muscle weakness in PD is likely to depend
on movement velocity.8,13
ll rights reserved.
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us).
In contrast to the isokinetic evaluations described, some studies
have evaluated quantitative isotonic and isometric muscle
strength.7,14,15

To date, no reported study has evaluated the isokinetic strength
of the hip, knee, and ankle joints together. Some limited studies,
however, have evaluated muscle groups at different isokinetic
velocities in the lower extremities,13 as well as the correlation be-
tween muscle strength and clinical status, and muscle strength and
falls,9 among patients with PD.

We evaluated the lower extremity flexor and extensor isokinet-
ic muscle strength at the hip, knee, and ankle joints in patients
with PD. We aimed to determine which muscle groups and move-
ment velocities of the lower extremity are more greatly affected by
the disease, and to discover the relationship between muscle
weakness, clinical status, and falls.
2. Materials and methods

2.1. Patients

This investigation was designed as a cross-sectional, controlled
study. Patients were recruited from the outpatient clinics of the
Physical Medicine and Rehabilitation and Neurology Depart-
ments, and were diagnosed with PD according to the United
Kingdom Parkinson’s Disease Society Brain Bank criteria.9 The
study was approved by the ethical committee at the Inonu
University School of Medicine. Written consent was obtained
from all participants.

http://dx.doi.org/10.1016/j.jocn.2009.11.014
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Table 1
Demographic characteristics of trial subjects

Patients (n = 25) Controls (n = 24) p-value*

Age (years) 62.2 ± 10.3 61.5 ± 7.5 0.799
Weight (kg) 73.7 ± 10.3 72.3 ± 10.9 0.326
Height (m) 1.64 ± 0.1 1.65 ± 0.1 0.582

* p-values determined by Student’s t-test. Results expressed as mean ± standard
deviation.
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Twenty-five patients (17 male, 8 female) were included in the
study. The mean age of patients was 62.1 ± 10.3 years (with a range
from 42 to 81). All patients were at Hoehn and Yahr stage II or III,
and were receiving treatment for PD. None of the patients had any
serious orthopedic, neurological, vestibular, or visual disorders that
could affect their muscle strength, and all could walk unsupported.

Twenty-four healthy volunteers (13 male, 11 female) with no
orthopedic, neurological, or other diseases comprised the control
group, which was age-matched with the patient group.
2.2. Assessments

2.2.1. UPDRS and Hoehn and Yahr staging
Patients were assessed using the Unified Parkinson’s Disease

Rating Scale (UPDRS) part II ‘‘activities of daily living” (UPDRS-
ADL) and part III ‘‘motor examination” (UPDRS-ME),16 and Hoehn
and Yahr staging.17
Table 2
Isokinetic muscle strength results in patients with Parkinson’s disease and healthy
2.2.2. Fall history
We used a standard definition for fall, which is ‘‘unintentionally

coming to rest on the ground, floor, or other lower level”.18 Coming
to rest against furniture or a wall was not accepted as a fall. The
number of falls was determined using self-reported fall events dur-
ing the past 6 months.
controls (peak torque = Nm)

Angular velocity Patients (n = 25) Controls (n = 24) p-value*

Hip flexors
90 R 33.0 (24.3–41.1) 50.1 (37.3–69.1) 0.002
90 L 28.3 (18.7–44.8) 50.6 (31.9–67.2) 0.004
120 R 26.7 (20.4–39.3) 41.7 (27.2–58.6) 0.009
120 L 27.5 (6.4–41.5) 43.3 (25.5–61.4) 0.007
150 R 22.1 (15.5–29.6) 32.4 (24.6–49.1) 0.003
150 L 19.8 (5.6–32.2) 34.5 (16.6–51.9) 0.004

Hip extensors
90 R 24.0 (16.7–40.0) 40.2 (25.8–68.1) 0.013
90 L 22.4 (17.8–50.7) 48.6 (28.6–70.8) 0.012
120 R 22.6 (11.3–35.2) 42.3 (22.7–71.1) 0.029
120 L 23.7 (16.1–33.7) 45.1 (25.1–62.8) 0.020
150 R 19.2 (4.2–33.3) 38.4 (16.8–66.3) 0.019
150 L 17.8 (4.7–41.9) 35.5 (19.4–51.3) 0.019

Knee flexors
90 R 13.2 (3.3–24.7) 21.9 (18.1–31.4) 0.018
90 L 13.0 (5.8–23.0) 27.5 (14.6–35.7) 0.016
120 R 11.4 (3.4–24.2) 22.2 (18.8–28.6) 0.010
120 L 11.7 (6.0–21.3) 22.6 (11.0–35) 0.011
2.2.3. Isokinetic muscle strength
Isokinetic muscle strength tests were administered in the

morning before the patients took any medicine. Patients first
warmed up for 10 minutes on a bicycle ergometer with a load of
1 W/kg. We used the Biodex System 3 Pro (Biodex Inc., Shirley,
NY, USA) isokinetic dynamometer for isokinetic measurements.
During the tests, patients were restrained with seatbelts in order
to provide joint stabilisation and to prevent them from falling off
the test chair. All tests were performed on both extremities. The
isokinetic protocol consisted of tests at three angular movement
velocities of 90, 120, and 150 degrees/second at 10 rpm, with a 5
minute rest period between tests. We followed the same procedure
for hip flexion-extension, knee flexion–extension, and ankle plan-
tar–dorsiflexion. Tests on the knee and ankle were performed in
a sitting position, while a supine position was used to determine
hip flexion and extension strength. All tests were also performed
for concentric muscle strength, and the maximum peak torque
(Nm) was recorded at each angular velocity.9
150 R 7.8 (4.0–19.9) 19.1 (10.5–24.3) 0.042
150 L 8.2 (3.5–17.9) 16.0 (8.0–28.1) 0.044

Knee extensors
90 R 40.2 (26.5–63.5) 59.2 (44.4–83.1) 0.007
90 L 45.6 (32.0–63.5) 64.6 (40.2–80.8) 0.023
120 R 37.0 (28.9–58.4) 52.6 (43.6–72.5) 0.013
120 L 45.1 (27.6–59.1) 56.0 (42.8–77.5) 0.034
150 R 35.0 (26.5–53.8) 48.1 (37.2–60.4) 0.038
150 L 46.0 (24.6–52.2) 51.1 (35.1–68.7) 0.103

Ankle plantarflexors
90 R 18.6 (11.0–29.6) 25.2 (14.8–36.6) 0.187
90 L 17.4 (8.7–26.9) 22.3 (18.4–30.6) 0.136
120 R 18.2 (9.6–28.4) 23.3 (14.7–34.9) 0.139
120 L 15.7 (10.4–24) 23.9 (15.9–32.5) 0.024
150 R 15.7 (7.3–22.2) 21.7 (12.7–28.1) 0.023
150 L 15.9 (9.1–21.2) 22.4 (16.8–29.1) 0.017
2.3. Statistical analysis

We used Statistical Package for the Social Sciences version 16.0
software for statistical evaluation of the test results (SPSS; Chicago,
IL, USA). The normality for continuous variables in groups was
determined by the Shapiro–Wilk test. We used the Student’s t-test
or the Mann–Whitney U test for comparisons, and Spearman’s rank
correlation test was used for analysis of data. For correlation anal-
ysis, the average muscle strength was calculated by dividing the
90, 120, and 150 degrees/second angular movement velocities by
the total values for the hip, knee, and ankle muscles. A p-value of
less than 0.05 was considered significant.
Ankle dorsiflexors
90 R 6.8 (4.3–9.6) 10.1 (8.6–12.8) 0.014
90 L 7.2 (5.4–10.1) 9.1 (7.5–14.9) 0.080
120 R 5.6 (3.2–9.3) 7.2 (6.1–9.4) 0.042
120 L 5.8 (3.8–7.3) 7.8 (5.3–9.7) 0.017
150 R 3.4 (3.1–6.1) 5.0 (3.8–6.6) 0.028
150 L 3.9 (2.5–4.9) 4.9 (3.7–6.9) 0.070

* p-values determined by Mann–Whitney U test. Data are represented as median
and interquartile range (Q1–Q3). L = left side, R = right side.
3. Results

The characteristics of the patient and control groups are out-
lined in Table 1. There was no statistically significant difference be-
tween the two groups in age, weight, or height. The mean disease
duration was 5.6 ± 3.9 years (with a range of 1 to 15 years). Fifteen
patients (60%) were at Hoehn and Yahr stage II, and 10 (40%) were
at stage III. In the patient group, the UPDRS-ME and -ADL scores
were 26.3 ± 12 and 8.9 ± 5, respectively.

During the past 6 months, 12 patients with PD had fallen (48%),
compared to only four people (16.7%) in the control group
(p < 0.05). The average number of falls was 0.9 ± 1.1 in the patient
group and 0.2 ± 0.5 in the control group (p < 0.001).

The isokinetic muscle strength of the patient and control groups
is shown in Table 2. At all velocities, the muscle strength of hip
flexors (p < 0.01), and extensors (p < 0.05), was significantly less
in the patient group. Similarly, compared with the control group
(p < 0.05), we observed a significant decrease in the muscle
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strength of knee flexors and extensors in the patient group, regard-
less of the velocity. Moreover, the isokinetic peak torques of ankle
plantar and dorsiflexor muscles exhibited significantly smaller val-
ues at certain movement velocities in the patient group (p < 0.05).

We observed a considerable relationship between a patient’s
muscle strength and number of falls (p < 0.01). The correlation be-
tween muscle strength and the Hoehn and Yahr stage was statisti-
cally significant. There was also a strong correlation between
muscle strength and all UPDRS scores (p < 0.01). However, there
was no correlation between muscle strength and disease duration.
4. Discussion

Lower extremity muscle strength has a major effect on mobility.
No previous studies have evaluated the overall flexor and extensor
muscle strength in the hip, knee, and ankle joints in patients with
PD, although several studies have evaluated the muscle strength in
one or two joints separately.10,12,13 We assessed muscle strength
with an isokinetic dynamometer to determine which muscle
groups were most affected, and at which of the predetermined
movement velocities, to evaluate their correlation with clinical sta-
tus and falls. While many studies have evaluated isokinetic muscle
strength before (off state) and after (on state) medication, we
tested all patients in the morning after withdrawal of medication
(off state). This was done to exclude the effects of medication while
evaluating the muscle weakness that commonly exists in patients
with PD. The positive effects of anti-parkinsonian agents on muscle
strength have already been shown in many studies and are outside
the scope of this investigation.9,19

Nallegowda et al. evaluated isokinetic muscle strength at the
trunk, hip, and ankle flexor and extensor muscles at 90, 120, and
150 degrees/second angular velocities; the same velocities were
used in our study.9 They found a significant difference in all muscle
groups between patients who did not take medication and the
healthy control group. In contrast, we evaluated the knee flexor
and extensor muscle strength instead of the trunk flexor and
extensor muscle strength. We observed a significant weakness in
all hip and knee muscles at all velocities, as well as in ankle mus-
cles at some velocities. There was also marked muscle weakness in
the hip flexors compared to the other muscle groups. Hip flexors
are the major accelerators in the swing phase of gait.20 The
difficulty in gait initiation in patients with PD may be related to
the weakness of the hip flexors. However, Bartels et al. suggested
that freezing of gait was not correlated with bradykinesia.21 Addi-
tionally, ankle muscle strength is more important in preventing
falls and for proper gait. Less severe ankle muscle weakness com-
pared to other muscle groups demonstrates the importance of
other factors, including proprioception. Zia et al. reported the
impairment of joint position sense in patients with PD.22 These
Table 3
Analysis of correlation coefficients between muscle strength and clinical status, falls (the av
angular movement velocities by the total values for the hip, knee, and ankle muscles)

90� 12

Flexors Extensors Fle

No. falls �0.65* �0.70* �0
Disease duration �0.46 �0.47 �0
Hoehn and Yahr� �0.62* �0.61* �0
UPDRS-ME �0.64* �0.52* �0
UPDRS-ADL �0.60* �0.70* �0
Sample size 25 25 25

ADL = activities of daily living, ME = motor examination, UPDRS = Unified Parkinson’s Di
* p < 0.01.
� Kendall’s rank-correlation.
results suggest the possibility of multiple underlying pathologic
mechanisms.

Pedersen et al. evaluated the ankle dorsiflexor isokinetic muscle
strength both concentrically and eccentrically, and found signifi-
cantly lower values for the concentric muscle strength at all move-
ment velocities compared to the control group, while the eccentric
muscle strength differed from the control group only in male pa-
tients.10 Kakinuma et al. separated the subjects into two groups,
according to how severely their extremities were affected, and
found that isokinetic muscle strength decreased at both slow and
fast movement velocities during early disease.12 They also ob-
served that the difference in muscle strength between the more-
and less-affected extremities decreased in advanced disease. Our
study, and the studies discussed above, demonstrated no relation-
ship between decreased muscle strength and movement
velocity.9,10,12 Nogaki et al. found a significant decrease in the peak
torque of the isokinetic muscle strength compared to the
less-affected extremity at high movement velocities but no differ-
ence between the two extremities at lower movement velocities.13

Therefore, the observation of increased muscle weakness at higher
movement velocities, proposed by Nogaki et al., is comparable with
our findings.13

Although Corcos et al. indicated an asymmetrical distribution of
muscle weakness, our study shows the common muscle weak-
nesses in patients with PD are similar to those found by Nal-
legowda et al.9,23 In some studies, the importance of the central
effect on muscle weakness has been emphasised, but the effect
of immobilisation was not considered in patients with PD.9,13 The
effects of immobilisation on muscle weakness should be noted,
especially in elderly patients with PD.

Various studies report that the risk of falling in patients with PD
ranges from 38% to 70%.2,4,9 Our results regarding the percentage of
patients who have suffered falls were similar. There is a significant
relationship between falling and muscle strength, but we have not
found any studies associating muscle strength with falls in patients
with PD. Muscle weakness of the lower extremity may be a risk
factor for falling.24,25 Therefore, the risk of falling may be examined
in connection with lower extremity isokinetic muscle strength in
patients with PD.

We found a marked correlation between muscle strength and
UPDRS-ME and -ADL scores. As the UPDRS-ME and -ADL scores
are related to clinical status, we expected to find a correlation be-
tween these parameters and muscle strength. The UPDRS is fre-
quently used to evaluate the clinical status of patients with PD.26

Given the significant correlation between muscle strength and
the UPDRS, isokinetic muscle strength may be used to evaluate
the clinical status of patients.

Disease progression in PD was evaluated using Hoehn and Yahr
staging. Increased disease severity (Pstage III) leads to more
marked locomotor system abnormality.27 Most of our patients
were at Hoehn and Yahr stage II. There appeared to be a significant
erage muscle strength was calculated by dividing the 90, 120, and 150 degrees/second

0� 150�

xors Extensors Flexors Extensors

.68* �0.64* �0.66* �0.60*

.47 �0.39 �0.49 �0.33

.64* �0.61* �0.60* �0.62*

.68* �0.56* �0.64* �0.48

.56* �0.57* �0.54* �0.53*

25 25 25

sease Rating Scale.
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correlation between isokinetic muscle strength and Hoehn and
Yahr stage, as shown in Table 3. Muscle weakness in some patients
was not prominent, as they were at an early stage of PD. It seems
muscle weakness is related to clinical severity rather than disease
duration.

The main limitations of our study were the inadequate number
of patients and the absence of lower velocities, such as 60 degrees/
second, at which isokinetic muscle strength could be evaluated.

In summary, we found a significant decrease in bilateral hip,
knee, and ankle flexor and extensor isokinetic muscle strength,
which was especially prominent in the hip muscles at 90, 120,
and 150 degrees/second angular movement velocities. In addition,
we noted a relationship between disease severity and muscle
weakness. There was also a significant correlation between muscle
strength and UPDRS-ME and -ADL scores. Finally, there was a
marked association between muscle strength and the number of
falls.

5. Conclusion

Although muscle strength decreased in the lower extremity,
especially in the hip and knee, muscle weakness was not associ-
ated with the velocities at which it was evaluated in this study.
The evaluation of muscle weakness may be a useful tool for the
assessment of clinical severity and fall risk in patients with PD. It
should be noted, however, that conflicting previous results and
the lack of specific standards necessitate further studies.

References

1. Jankovic J, Kapadia AS. Functional decline in Parkinson disease. Arch Neurol
2001;58:1611–5.

2. Dibble LE, Lange M. Predicting falls in individuals with Parkinson disease: a
reconsideration of clinical balance measures. J Neurol Phys Ther 2006;30:60–7.

3. Lewis SJ, Barker RA. Understanding the dopaminergic deficits in Parkinson’s
disease: insights into disease heterogeneity. J Clin Neurosci 2009;16:620–5.

4. Robinson K, Dennison A, Roalf D, et al. Falling risk factors in Parkinson’s disease.
NeuroRehabilitation 2005;20:169–82.

5. Tinetti ME. Clinical practice. Preventing falls in elderly persons. N Engl J Med
2003;348:42–9.

6. Nelson AJ, Zwick D, Brody S, et al. The validity of the GaitRite and the functional
ambulation performance scoring system in the analysis of Parkinson gait.
NeuroRehabilitation 2002;17:255–62.

7. Koller W, Kase S. Muscle strength testing in Parkinson’s disease. Eur Neurol
1986;25:130–3.
8. Nogaki H, Kakinuma S, Morimatsu M. Muscle weakness in Parkinson’s disease:
a follow-up study. Parkinsonism Relat Disord 2001;8:57–62.

9. Nallegowda M, Singh U, Handa G, et al. Role of sensory input and muscle
strength in maintenance of balance, gait, and posture in Parkinson’s disease: a
pilot study. Am J Phys Med Rehabil 2004;83:898–908.

10. Pedersen SW, Oberg B, Larsson LE, et al. Gait analysis, isokinetic muscle
strength measurement in patients with Parkinson’s disease. Scand J Rehabil Med
1997;29:67–74.

11. Inkster LM, Eng JJ, MacIntyre DL, et al. Leg muscle strength is reduced in
Parkinson’s disease and relates to the ability to rise from a chair. Mov Disord
2003;18:157–62.

12. Kakinuma S, Nogaki H, Pramanik B, et al. Muscle weakness in Parkinson’s
disease: isokinetic study of the lower limbs. Eur Neurol 1998;39:218–22.

13. Nogaki H, Kakinuma S, Morimatsu M. Movement velocity dependent muscle
strength in Parkinson’s disease. Acta Neurol Scand 1999;99:152–7.

14. Paasuke M, Ereline J, Gapeyeva H, et al. Leg-extension strength and chair-rise
performance in elderly women with Parkinson’s disease. J Aging Phys Act
2004;12:511–24.

15. Pedersen SW, Oberg B. Dynamic strength in Parkinson’s disease. Quantitative
measurements following withdrawal of medication. Eur Neurol
1993;33:97–102.

16. Fahn S, Elton RL, UPDRS program members. Unified Parkinson’s disease rating
scale. In: Fahn S, Marsden CD, Goldstein M, et al., editors. Recent developments
in Parkinson’s disease, vol. 2. Florham Park: Macmillan Health Care Information;
1987. p. 53–63.

17. Hoehn MM, Yahr MD. Parkinsonism: onset, progression, and mortality. 1967.
Neurology 2001;57:S11–26.

18. Nelson RC, Amin MA. Falls in the elderly. Emerg Med Clin North Am
1990;8:309–24.

19. Pedersen SW, Eriksson T, Oberg B. Effects of withdrawal of antiparkinson
medication on gait and clinical score in the Parkinson patient. Acta Neurol Scand
1991;84:7–13.

20. Malanga G, DeLisa JA. Clinical observation. In: DeLisa JA, editor. Gait analysis in
the science of rehabilitation. Baltimore: Department of Veterans Affairs; 1998. p.
1–10.

21. Bartels AL, Balash Y, Gurevich T, et al. Relationship between freezing of gait
(FOG) and other features of Parkinson’s: FOG is not correlated with
bradykinesia. J Clin Neurosci 2003;10:584–8.

22. Zia S, Cody F, O’Boyle D. Joint position sense is impaired by Parkinson’s disease.
Ann Neurol 2000;47:218–28.

23. Corcos DM, Chen CM, Quinn NP, et al. Strength in Parkinson’s disease:
relationship to rate of force generation and clinical status. Ann Neurol
1996;39:79–88.

24. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons
living in the community. N Engl J Med 1988;319:1701–7.

25. Campbell AJ, Borrie MJ, Spears GF. Risk factors for falls in a community-based
prospective study of people 70 years and older. J Gerontol 1989;44:M112–7.

26. Vargas AP, Carod-Artal FJ, Nunes SV, et al. Disability and use of healthcare
resources in Brazilian patients with Parkinson’s disease. Disabil Rehabil
2008;30:1055–62.

27. Carpinella I, Crenna P, Calabrese E, et al. Locomotor function in the early stage
of Parkinson’s disease. IEEE Trans Neural Syst Rehabil Eng 2007;15:543–51.


	Lower extremity isokinetic muscle strength in patients with Parkinson’s disease
	Introduction
	Materials and methods
	Patients
	Assessments
	UPDRS and Hoehn and Yahr staging
	Fall history
	Isokinetic muscle strength

	Statistical analysis

	Results
	Discussion
	Conclusion
	References


