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Gait analysis comparing Parkinson’s 
disease with healthy elderly subjects
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ABSTRACT
There is a lack of studies comparing the kinematics data of idiopathic Parkinson’s disease 
(IPD) patients with healthy elder (HE) subjects, and when there is such research, it is not 
correlated to clinical measures. Objective: To compare the spatio-temporal and kinematic 
parameters of Parkinsonian gait with the HE subjects group and measure the relation 
between these parameters and clinical instruments. Method: Twelve patients with IPD 
and fifteen HE subjects were recruited and evaluated for clinical instruments and gait 
analysis. Results: There were statistically significant differences between HE group and 
the IPD group, in stride velocity, in stride length (SL), and in the hip joint kinematic data: 
on initial contact, on maximum extension during terminal contact and on maximum flexion 
during mid-swing. Regarding the clinical instruments there were significant correlated 
with in stride velocity and SL. Conclusion: Clinical instruments used did not present 
proper psychometric parameters to measure the IPD patient’s gait, while the 3D system 
characterized it better.
Key words: Parkinson’s disease, gait assessment, kinematics.

Comparação da doença de Parkinson com idosos saudáveis através da análise da 
marcha 

RESUMO 
Poucos estudos comparam os dados cinemáticos de pacientes com doença de Parkinson 
idiopática (DPI) com indivíduos idosos saudáveis, e quando realizam não correlacionam 
com medidas clínicas. Objetivo: Comparar os parâmetros espaço-temporais e cinemáticos 
da marcha na DP com os de idosos saudáveis (IS) e avaliar a relação entre estes parâmetros 
com os instrumentos clínicos. Método: Doze pacientes com DPI e quinze IS foram 
recrutados e avaliados por instrumentos clínicos e de análise de marcha. Resultados: Houve 
diferenças estatísticas significantes entre o grupo de IS e o de DPI na velocidade da marcha 
e no comprimento do passo (CP), nos dados cinemáticos das articulações do quadril: no 
contato inicial, na máxima extensão no apoio e na máxima flexão na oscilação. No que 
diz respeito aos instrumentos clínicos houve significativa correlação com a velocidade da 
marcha e SL. Conclusão: Os instrumentos clínicos utilizados não apresentaram adequados 
parâmetros psicométricos para a avaliação da marcha dos indivíduos com DPI, enquanto 
uma avaliação em 3D caracteriza melhor a marcha destes indivíduos.
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Gait impairments are frequently ob-
served in individuals with idiopathic Par-
kinson’s disease (IPD)1,2 and they proba-

bly result from the progressive loss of dop-
amine producing cells in the substantia ni-
gra of basal ganglia3-6. A recent study7 sug-
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gests that initially, the IPD alterations affect the olfactory 
structures, and other structures located at the peduncle 
pontine area, then it affects the substantia nigra, and final-
ly, in the advanced stage of the disease, it affects the tem-
poral mesocortex and the prefrontal cortex areas. The gait 
disorders are characterized by the spatiotemporal regula-
tion difficulty (shortened stride length)4,5, stride velocity5, 
longer double support5,6, cadence7 and movement strat-
egies. The parkinsonian gait is widely defined and men-
tioned as one of the main characteristics in IPD. However, 
there are few studies3-5, 8 that described it through quan-
titative instruments. The studies observed mainly the ki-
nematic parameters related to spatiotemporal character-
istics and the ankle range of motion3,4. There is a lack of 
studies comparing spatiotemporal and kinematic data in a 
3D analysis, of IPD patients with healthy elderly subjects3, 
and they are not correlated to clinical measures.

Some clinical instruments are specific for individuals 
with IPD and are used to characterize these individuals: 
Unified Parkinson’s Disease Rating Scale (UPDRS)9 and 
the Hoehn and Yahr (H&Y) Modified Scale10. Although 
the Berg Balance Scale (BBS)11 and the Timed get up and 
go test (Timed up & go)12, are not specific, but they have 
been used to assess the performance and characterize 
these individuals13,14. 

Indeed, the objective of this study was to compare the 
spatiotemporal and kinematic parameters of gait in IPD, 
at the “on” state of the medication cycle, with the control 
group data and to measure the relation between the clin-
ical instruments with the variables.

METHOD
This is a prospective study that recruited randomly 

12 patients with IDP from the Neurology Ambulatory of 
the Clinics Hospital of Unicamp and 15 healthy individ-
uals (CG) (Table 1).

The patient group (PG) had IPD as clinical diagno-
sis, and were able to walk over 10 meters without de-
vices. Both groups did not have previous neurologic im-
pairments or any kind of pain and/or musculoskeletal co-
morbidities that would disturb the progression of an uni-

form gait. They also understood simple instructions and 
did not present cognitive impairments (Mini-mental state 
examination score higher than 23 – MMSE)15. This study 
was approved by the Research Ethics Committee of Uni-
camp Medical Sciences Faculty (nº 249/2007).

The patients were clinically classified with 5 instru-
ments: the first one was the H&Y Modified Scale10 that 
measures the disease severity state in 8 stages, stage 0 (no 
sign of disease), stages 1 (unilateral disease), 1,5 (unilat-
eral plus axial involvement), 2 (bilateral disease, without 
impairment of balance), stage 2,5 (mild bilateral disease; 
recovery on pull test), stage 3 (mild to moderate bilater-
al disease; some postural instability; capacity for living 
independent lives), stage 4 (severe disability; still able to 
walk or stand unassisted) and stage 5 (wheelchair bound 
or bedridden unless aided).

The second was the motor section III of the UPDRS9, 
composed of 14 items (speech, facial expression, trem-
or at rest, action or postural tremor, rigidity, finger taps, 
hand movements, rapid alternate movements, leg agili-
ty, arising from chair, posture, gait, postural stability and 
body bradykinesia). Each item score range from 0 (nor-
mal) to 4 (worst disability), with a maximum overall score 
of 56 points.

The third was the Timed up & go test12, characterized 
by a sitting position in a standard chair with arms resting 
in the chair rests, the person stands up and walks along 
3 meters, turns around, returns to the chair and sits. The 
timing is the time spent to perform the entire test, and 
the individual is considered with normal mobility when 
performing it between 10 to 19 seconds.

The fourth was the BBS11 that evaluates the static and 
antecipatory balance performance in functional activities. 
It is composed by 14 items, and each item has 5 alternatives 
with score range from 0 to 4, maximum overall score is 56.

The fifth instrument by means of inclusion and/or ex-
clusion criteria was the Mini-mental state examination15, 
a scale with 5 items: temporal and spatial orientation, 
short recall, evocation memory, attention and calculation 
and language, with overall maximum score of 30 points.

Instruments and gait analysis procedure
The gait kinematic evaluation was measured through 

a 3D analysis system of human movement (Qualisys Mo-
tion Capture System – 2.57 Sweden), through six infra-
red cameras and 18 reflective markers (0.015 m of diam-
eter), with a sample frequency of 240 Hz, performed at 
the Locomotor System Rehabilitation and Biomechan-
ics Laboratory (FCM/Unicamp). The Qtrac 2.53 software 
was used to collect (acquisition time of 10 seconds), vi-
sualize and save data, and the Qgait 2.0 version to finish 
interpreting data. Age, mass and height were standard-
ized by the system. 

Table 1. Subjects characteristics.

Characteristics PG CG

Sex (F/M) (5/7) (7/8)

Age (years) 63.66±8.30 59.13±4.18

Mass (kg) 62.83±10.80 66±8.88

Height (m) 1.63±0.07 1.61±0.07

Time of diagnosis 6.62±4.31 –

H&Y modified stage 2.79±0.45 –

mean±standard deviation; PG: patient group; CG: control group; H&Y:  
Hoehn and Yahr.
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The reflective markers were bilaterally attached to the 
skin surface on the following anatomic points: acromi-
on on shoulder, thoracic vertebra 12th, anterior superi-
or iliac spine, sacrum, central line of patella (1 cm over 
the upper edge of patella with knee extension), the knee 
lateral joint line, tuberosity of tibia, 3 cm of lateral mal-
leolus, posterior to the calcaneus (in the same horizon-
tal plane), between the 2nd and 3rd metatarsal, 1.0-1.5 cm 
proximal to the upper metatarsals head. Typical configu-
ration is shown in Figure.

For the kinematic data collection, both groups (PG 
and CG) were asked and instructed to walk naturally (in-
dividual stride velocity and stride length) on a walkway, 
with bare feet. The walkway was 10 meters long, but only 
6 meters were registered and analyzed. Figure. Typical configuration of the reflective markers.

Table 2. Spatiotemporal variables.

Variables PG CG

Velocity (m/s) 0.77±0.14 0.59±0.20a

Stride length (m) 1.03±0.13 0.79±0.22a

Cadence (stride/min) 89.87±6.86 87.97±16.75

Cycle time (s) 1.34±0.10 1.41±0.30

Stance time – R (%) 70.48±1.74 71.19±6.18 

Stance time – L (%) 65.51±2.76 67.75±5.73

mean±standard deviation; PG: patient group; CG: control group; R: right;  
L: left; aPG ≠ CG; Significance level p< 0.01.

Table 3. Kinematic data of IPD and control group.

Joint CG (degrees) PG (degrees) p

Ankle
  Initial contact
  Plantar flexion (ts)
  ROM on stance
  ROM on swing

2.45±3.61
–0.5±6.88
18.6±6.54

14.34±3.46

3.69±4.11
0.47±6.09
17.3±6.37

12.95±5.68

.3798

.7327

.4945

.3539

Knee
  Initial contact
  Plantar flexion (ts)
  ROM on stance
  Max. flex. on swing

9.53±6.13
40.73±9.83
11.87±4.73
62.38±5.02

14.00±6.71
45.25±5.97
12.92±5.92
57.53±7.46

.1719

.3055

.8453

.0637

Hip
  Initial contact
  Plantar flexion (ts)
  Max. ext. on stance
  Max. flex. on swing
  ROM on rotation

30.55±5.42
2.19±5.30

–7.76±6.12
32.63±5.42
13.12±4.15

14.71±7.90
–1.96±13.27

–17.03±11.84
15.28±6.43
15.70±6.82

.0001**
.0510
.0054*
.0001**
.6256

Pelvis
  ROM on lateral flexion (sagital plane)
  ROM on rotation (transversal plane)
  Trunk forward flexion (sagital plane)

3.58±0.73
7.30±2.68
3.38±0.86

2.97±4.37
9.11±2.33
3.65±2.43

.8073

.0673

.7697

mean±standard deviation; PG: patient group; CG: control group; ts: terminal support; ROM: range of motion. **CG ≠ 
PG, significance level p<0.0001; *CG ≠ PG, significance level p < 0.01. Mann-Whitney test.
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During the kinematic data collection, the PG was at 
the “on” state of the medication cycle. With the purpose of 
avoiding any lead that could improve the IPD gait pattern 
or even the control group, the floor of the walkway was 
covered with a black rubbered strip6. Six gait assessments 
were made on each patient and healthy elderly. The three 
best collections were chosen, analyzed, and averaged. 

Statistical analysis
To describe the sample characteristics according to 

this study variables, descriptive statistics of the continu-
ous variables (spatiotemporal and kinematic data) were 
calculated, with means and standard deviation values. The 
Mann-Whitney nonparametric test was used to compare 
the spatiotemporal and kinematic data mean between IPD 
group and CG. For correlation between spatiotemporal 
and kinematic clinical measures of the PG, the Spear-
man’s correlation coeficient was used. The significance 
level adopted was p<0.05. The Bioestat 4.0 program was 
used for data statistics.

RESULTS
Regarding the gait spatiotemporal variables, statisti-

cally significant differences were found between control 
group and IPD group, on stride velocity (p=0.0054) and 
stride length (p=0.0068). The other spatiotemporal vari-
ables were statistically similar (Table 2).

The kinematic data demonstrated statistically signif-
icant differences between both groups, on the hip and 
trunk joints range. On the hip was observed a lower flex-
ion range during initial contact, followed by a higher ex-
tension during the stance, and a lower flexion on swing 

phase of IPD individuals compared to control. At the 
trunk movement analysis on the sagital plane, a higher an-
terior flexion was observed on the PG, but with no statis-
tical significance. On the ankle, knee and pelvis there were 
no significant differences between joint ranges (Table 3).

There was no significant correlation between spa-
tiotemporal and kinematic data on PG in the H&Y Mod-
ified Scale. In the clinical instruments motor UPDRS, 
Timed up & go and BBS there was statistically significant 
results on the PG gait spatiotemporal data (Table 4) and 
kinematic data (Table 5).

DISCUSSION
Unlike the expected, at the “on” stage of medication, 

the gait disturbs were found on patients with IPD, which 
confirms the findings in two studies3,5. Even though there 
were few kinematic changes, they possibly occurred due 
to data variability. The variability in IPD individuals must 
be considered as a pathological sign15. 

The first 3D kinematic study of gait in patients with 
Parkinson was done by Morris et al.5, with one IPD pa-
tient, and aimed to analyze the use of levodopa replace-
ment therapy. The assessment was done one hour after 
drug administration, at the dosis peak, and there was im-
provement in spatiotemporal data, however the stride 
length and velocity did not achieve the regular mean. 
Previously, they had observed velocity and mainly stride 
length improvement in 20 individuals with IPD, under the 
same medication conditions16. At the present study, the 
assessment was also performed during the “on” stage of 
medication, and like the described study5, the spatiotem-
poral parameters were not similar to controls. 

The decrease of gait velocity in patients with IPD 
seems to be related to stride length shortening, since 
these two parameters are often associated3,17-22. Howev-
er, some studies6,23,24 demonstrated cadence decrease dur-
ing the gait of IPD patients, which can also contribute to 
velocity reduction. On initial stages (stage 1 and 2 accord-
ing to H&Y scale), the velocity decrease seems to be re-
lated to cadence23. At the present study there was not a 
significant cadence decrease and the patient group are in 
moderate to severe stages of the disease (2.5-4.0).

The gait of IPD patients presented the cycle time higher 

Table 4. Spatiotemporal variables and clinical instruments (PG).

Stride velocity 
(m/s)

Stride length
(m)

Cycle time 
(s)

Cadence 
(stride/min)

Stance time 
R (%)

Stance time  
L (%)

Motor UPDRS –0.4921 –0.6585* 0.3082 –0.3217 0.0877 0.6549*

Berg 0.3002 0.5607* –0.2132 0.2057 –0.1032 –0.4072

Timed up & go –0.6715* –0.7061* 0.3530 –0.3275 0.3768 0.4445

H&Y modified –0.3354 –0.3091 0.4173 –0.4385 0.3768 0.0880

PG: patient group; R: right; L: left. In the table it is observed the R values of correlation and the significant values are marked ; *significance level p<0.05.

Table 5. Kinematic data and clinical instruments (PG).

ROMAs MFKs ROMHr ROMPr

Motor UPDRS –0.7273* –0.5035 –0.7483* –0.4476

Berg 0.4610 0.4469 0.6100* 0.6029*

Timed up & go –0.6051* –0.7937*  –0.2954 –0.3488

PG: patient group; ROMAs: range of motion on ankle swing; MFKs: maximum 
flexion on knee swing; ROMHr: range of motion on hip rotation; ROMPr: 
range of motion on pelvis rotation. In the Table it is observed the R values of 
correlation and the significant values are marked; *significance level p<0.05.
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than control group, but there were no significant differences. 
The spatiotemporal variables (stride velocity and length and 
cadence) may produce a slower gait in IPD individuals18,25-27.

Spatiotemporal data
The spatiotemporal variables findings in PG were sim-

ilar in several studies of IPD gait3,18-22. In these studies, 
there was also stride length and velocity decrease, when 
the patients walked in their preference pattern. The veloc-
ity reduction may not be related to cadence, since the ca-
dence value differed little from findings in normal individ-
uals, it is probably related to stride length shortening. 

In the study previously done23 the velocity reduction 
related to cadence decrease, because there was no signifi-
cant difference in stride length between healthy individu-
als and Parkinson’s individuals. However, this might have 
occurred due to the early stages (stage 1 and 2 – H&Y 
scale) of the Parkinson’s disease during the study period.

In this present study, the stride length also presented 
significant correlation with motor UPDRS, Timed up & 
go and BBS and the velocity had correlation with Timed 
up & go. In one of the analysis the correlation of gait con-
fortable velocity with BBS and Timed up & go, there was 
a strong correlation between gait velocity and BBS and 
moderate with Timed up & go test14.

The results of this study, regarding the reduction of 
stride length, may be related ankle and hip joints ROM 
decrease. This result supports the report described in the 
study28, where they state that the ankle joint might be as-
sociated to SL. 

For a long time it has been affirmed that gait in IPD 
individuals is characterized by slow walk and it is associ-
ated to shortened stride length and also to increased gait 
cycle time25-27. In the present study the gait cycle time of 
IPD patients was higher than controls, but not statistical-
ly significant. This finding agrees with a study18, where the 
mean gait cycle time of IPD patients was also higher than 
controls, and had no statistical significance.

Kinematics data
The gait in IPD patients is characterized by the angu-

lar range decrease3. This has repeated in our findings on 
ankle and hip joints, but not on the knee. The decrease 
of the ankle range of motion presented correlation with 
the motor UPDRS and Timed up & go. On the hip joint, 
the mean of maximum flexion angle values was lower in 
PG than CG. In the studies3,4,23, the flexion angle of the 
hip joint of IPD patients was also lower that controls, but 
not significantly different. 

Regarding the mean of initial contact results on the 
hip joint was lower for the patient group (36.14±8.47) 
when compared to the control group (40.06±6.57), with-
out statistical significance3. These findings agree with re-

sults presented here. The same happened in the initial 
contact results of the knee joint, however the reduction 
had statistical significance in neither studies. 

The plantar flexion during terminal support on ankle, 
knee and joints of IPD patients assessed in this study had 
different results compared to the study of Sofuwa et al.3. A 
reason for such a difference might be the classification of 
IPD patients according to H&Y scale. In their study, most 
of the assessed patients (seven individuals) were classified 
as stage 2, an early stage of the disease. In this present 
study they were classified as moderate (seven patients in 
2,5 stage and four patients in 3,0 stage) and as severe (one 
patient in 4 stage). The record of the stride length could 
be the difference found in plantar flexion during termi-
nal support of the joints between studies, because it is the 
last instant of the gait to begin stride. However, the stride 
length was reduced on both studies, with statistic signif-
icance between assessed groups. Therefore, this variable 
cannot be the cause of the difference. 

The hip movement of flexion-extension was reduced 
in patient group compared to control group. This finding 
may decrease the pelvis lateral flexion during gait. The 
pelvis rotation was higher in patient group, which agrees 
with a previous study23.

The trunk mobility loss, in a flexed posture (sagital 
plane) happens with IPD progression29. In a recent re-
search23, seven patients were assessed in an early stage of 
IPD and seven healthy individuals, the trunk forward flex-
ion range was 2.1º for PG, and 1.8º for CG, demonstrat-
ing that PG has a stooped posture, trunk forward flexion 
higher that CG. This results agrees with our findings.

The correlations of clinical instruments with spa-
tiotemporal and kinematic variables seems to demonstrate 
that motor UPDRS, Timed up & go and BBS, were able to 
perceive some ankle, pelvis and hip angular alterations. 

The significant correlations found between clinical 
instruments and gait variables were scarce. This finding 
might have occurred due to the clinical instruments used 
not being specific to the gait assessment, although some 
instruments assess essential components for gait perfor-
mance (mobility and balance), and other (motor UPDRS) 
has four items of gait characteristics, but they do not have 
proper psychometric parameters to evaluate gait. 

The study had mainly moderate patients (stages 2,5 
and 3, H&Y modified Scale). If there were a larger dis-
tribution, especially severe patients (stages 4 and 5), the 
clinical instruments could have presented stronger cor-
relations, despite the small sample. 

In clinical instruments used did not present proper 
psychometric parameters to assess several items of the 
PD patients’ gait, while the 3D assessment of gait param-
eters in IPD individuals contributes to better character-
ize these individuals gait and thus, there can be a better 
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knowledge of their gait pattern. Furthermore, future use 
of such findings can allow to set a much more concise and 
effective approach, either in an individualized treatment, 
for each patient impairments, or in a group approach. 
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