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Two-dimensional analysis of gait parameters in
schizophrenia — an observational study

Dwuwymiarowa analiza parametrow chodu w schizofrenii — badanie obserwacyjne

Kancherla Sireesha'(A.B.C.D.EF) D Malarvizhi2A.B.C.D.E)

"Postgraduate student, SRM College of Physiotherapy, SRM Institute of Science and Technology, Faculty of Medical and Health Sciences, Kancheepuram

District, Kattankulathur, Chennai, Tamil Nadu, India
28RM College of Physiotherapy, SRM Institute of Science and Technology, Faculty of Medical and Health Sciences, Kancheepuram District, Kattankulathur,
Chennai, Tamil Nadu, India

Abstract

Background. Gait analysis is a systematic study of human locomotion that involves evaluating body motions, body mechanics, and
muscle activity Objective. To analyze spatiotemporal and kinematics variables in schizophrenia. Methodology. Non-Experimental study,
convenient sampling, sample size was 15. Both men and women with 18 to 45 years of age were included in the study. Procedure.
subjects were selected based on inclusion and exclusion criteria for analyzing the kinematic and spatio temporal parameters of gait in
schizophrenia. Outcome measures. Spatiotemporal and kinematics variables were assessed by using 2D gait analysis with software from
Auptimo technologies. Results. Gait analysis of schizophrenia shows significant increase in ankle plantar flexion p < 0.05, significant
increase in knee flexion p < 0.05, and significant increase in hip flexion p < 0.05 shows in lateral view and in anterior view significant
increase in knee abduction/ adduction p < 0.05, and in posterior view significant increase in contralateral pelvic drop p < 0.05, and
significant increase in rear foot angle eversion p < 0.05. In spatiotemporal parameters of schizophrenia shows non significant changes in
cadence p > 0.05, and shows significant changes in right and lest stance time, right and left swing, and gait cycle time p < 0.05.
Conclusion. This study concluded that schizophrenia shows marked kinematic changes in ankle, knee and hip joint, in anterior view
knee abduction and adduction shows notable changes, and in posterior view, significant changes in pelvic drop and rear foot angle, and
spatio temporal parameters no apparent changes noted in cadence, and significant increases in stance phase time, swing phase time and

gait cycle time.

Keywords
schizophrenia, lower limb, pelvic drop, rear foot angle, knee adduction/abduction, spatiotemporal, gait analysis, 2-dimensional

Streszczenie

Analiza chodu to systematyczne badanie ludzkiego ruchu polegajace na ocenie ruchéw ciata, mechaniki ciata oraz aktywnosci
miesniowej. Cel. Analiza zmiennych przestrzenno-czasowych i kinematycznych w schizofrenii. Metodologia. Badanie
nieeksperymentalne, wybor proby wedtug wygody, rozmiar probki wynosit 15 oséb. W badaniu uwzgledniono zaréwno mezczyzn, jak i
kobiety w wieku od 18 do 45 lat. Procedura. Uczestnicy zostali wybrani na podstawie kryteriéw wiaczenia i wytaczenia w celu analizy
kinematycznych i przestrzenno-czasowych parametréw chodu w schizofrenii. Mierniki wynikéw. Zmienne przestrzenno-czasowe i
kinematyczne oceniano przy uzyciu 2D analizy chodu z oprogramowaniem od Auptimo technologies. Wyniki. Analiza chodu w
schizofrenii wykazata istotny wzrost zgiecia stopy w kierunku podeszwy (p < 0,05), istotny wzrost zgiecia kolana (p < 0,05) oraz istotny
wzrost zgiecia biodra (p < 0,05) w widoku bocznym. W widoku przednim zaobserwowano istotny wzrost abdukcji/addukcji kolana (p <
0,05), a w widoku tylnym istotny wzrost opadania przeciwnego biodra (p < 0,05) oraz istotny wzrost kata evers;ji tylnej czesci stopy (p <
0,05). W parametrach przestrzenno-czasowych schizofrenii nie zaobserwowano istotnych zmian w kadencji (p > 0,05), ale
zaobserwowano istotne zmiany w czasie podparcia prawej i lewej nogi, w fazie machania prawa i lewa noga oraz w czasie cyklu chodu (p
< 0,05). Wnioski. Badanie to wykazato, ze schizofrenia charakteryzuje sie wyraznymi zmianami kinematycznymi w stawie skokowym,
kolanowym i biodrowym. W widoku przednim abdukcja i addukcja kolana wykazuja zauwazalne zmiany, a w widoku tylnym istotne
zmiany w opadaniu biodra i kacie tylnej czesci stopy. W parametrach przestrzenno-czasowych nie zanotowano wyraznych zmian w
kadencji, ale zaobserwowano istotne wzrosty w czasie fazy podparcia, czasie fazy machania i czasie catego cyklu chodu.

Stowa kluczowe

schizofrenia, konczyna dolna, opadanie miednicy, kat tylnej czesci stopy, addukcja/abdukcja kolana, przestrzenno-czasowy, analiza

chodu, 2-wymiarowy

72 doi.org/10.56984/8ZG20A37C www.fizjoterapiapolska.pl



Introduction

According to WHO, Schizophrenia is delineated as a mental
health disorder which causes people to interpret reality unusu-
ally through altered emotions, thinking, and behavior. The
syndrome incorporates an irregular pattern of symptomatic
proportions such as delusions, hallucinations, disorganized
speech, atypical motor behavior, and negative symptoms.
Schizophrenia is a complex neuropsychiatric syndrome cha-
racterized by a range of psychophysiological and cognitive
deficiencies. Neurological soft signs (NSS) offer a secondary
and progressively important perspective on the illness, imply-
ing noticeable flaws in sensory integration (SI), motor coordi-
nation (MC), and progression of movements [1].

The prevalence of schizophrenia is 3 for every 1000 people in
India and is more common in men. It also relatively increases
to 7.2/1000 in early adult life and becomes chronic. Thara et al.
state that despite the impact of schizophrenia, most affected
men are seen to be functioning in employment, and women in
marital functioning [2]. The impact of schizophrenia varies; no-
wadays, it is emerging in a few people in South London. A
comprehensive global review determined that schizophrenia
accounts for 1.1% of the total disability-adjusted life years glo-
bally and 2.8% of the years lived with disability globally. The
prevalence of anxiety associated with schizophrenia ranges be-
tween 30% and 45% [3].

Atypical functional associations between the motor cortex
and the cerebellum during the execution of a motor task have
been shown in schizophrenia. Abnormalities in the corpus
callosum structure are also evident due to the presence of
neurological soft signs [4]. Motor deficiencies are common
and debilitating symptoms in schizophrenia. Disrupted motor
execution is consistently associated with schizophrenia, attri-
buted to a lower laterality quotient during simple motor ta-
sks. The level of disability corresponds with the degree of
mental illness and antipsychotic treatment. Motor deformi-
ties, such as altered postural control, postural instability, gait,
and balance deficiencies, have emerged as key characteristics
in schizophrenia, playing a significant role in the pathology
of the disease.

Gait in schizophrenia is marked as a key deficiency in schizo-
phrenic bradykinesia, which was a disorganized modulation
in stride length, and regulation in cadence remains unaltered
[1]. This is due to a detriment in supraspinal control in gait,
which changes the role of lower-level central activities and is
responsible for the variations in spatial and temporal parame-
ters. Ataxic gait was found to be markedly more persistent in
schizophrenic patients with eyes open and also shows a nota-
ble increase with age in schizophrenia, which relates mostly
to the aged population [6]. This is along with a preceding re-
port of alcohol misuse, including the disorder of the visuo-ce-
rebellar circuit. Deficiencies in posture swaying in
schizophrenia appeared in various situations, such as opening
and closing of eyes. These demanding circumstances might be
due to a damaged combined structure of vision along with
equilibrium actions [7].

The Gait ON motion analysis program (Auptimo Technolo-
gies LLP, India) allows a clinician to trustily and promptly
diagnose while also allowing detailed observation and control
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of an intervention/treatment in an objective manner. To establish
spatiotemporal gait parameters and kinematics factors, 2-Dimen-
sional clinical gait analysis is used. The designed system includes
a high-speed video camera, markers, a computer, and technical
computing software, which were used to track markers attached to
the human body while it was moving. Gait features of schizoph-
renic patients who fall under the age group of 18-45 are presently
being studied [8].

Across the physiology of the brain, schizophrenia connects with
anomalies of the brain network. The deceptive connection among
effective brain regions has been hypothesized as a fundamental
disorder, which is mainly accountable for the clinical manifesta-
tion of the illness. The term "disconnection" was stressed by Fri-
ston and Frith in explaining the significance of corticocortical
associations and fronto-temporal associations. There is a disorga-
nization of neurophysiological and mental processes in schizoph-
renia due to the irregular connectivity in cortico-cerebellar loops.
It does not show a certain form of connectivity changes in the
brain network [9]. Raymond C. K. Chan et al. suggested that the
right frontal gyrus may play a specific role in the execution of the
first edge palm task in schizophrenia spectrum disorder [10].
Mehta et al. revealed a dysfunctional mirror neuron system
(MNS) in schizophrenia [11].

Human locomotion is an enlightened biomechanical process
that requires an elaborate interaction between muscular and in-
ertial forces, resulting in the body moving through space smo-
othly. Walking is a movement that requires the collaboration of
neuromuscular and skeletal systems. Gait analysis is an in-
depth evaluation of human movement that encompasses bodily
motions, mechanics, and muscle activity.

Studies explain that there is postural instability among subjects
with schizophrenia due to an increase in posture swaying [7].
Moreover, the influence of antipsychotics on postural sway le-
ads to falls and fractures. Evaluating balance through tandem
gait, supervised by neurological evaluation, showed notably
poorer balance while standing among subjects with schizoph-
renia than among normal individuals. The balance issues in
schizophrenia also correlate with vision disturbances [7]. Opti-
cal coherence tomography (OCT) studies revealed thinning of
the peripapillary or circumfoveal retinal nerve fiber layer, the
ganglion cell layer, macular volume, macular thickness, outer,
and inner nuclear layer [12].

Social cognition in schizophrenia has been observed to have
frequently noticeable changes, and deficits can be established in
connection with emotion refining, attribution processes, and
theories of mind. Social knowledge appears mostly preserved
and presents significant implications in relation to the percep-
tions that subjects with schizophrenia have regarding social
class [13]. Mini Mental State Examination (MMSE) was used
to determine the cognitive status in schizophrenia. The MMSE
was well-validated in schizophrenia but does not assess all co-
gnitive functions. Ganguli et al. suggested that the MMSE sco-
res reported were based on 272 partly reverted community
residence subjects with schizophrenia. Patients living with schi-
zophrenia obtained average MMSE scores of 28/30 at the age
of 30, 23/30 at the age of 50, and 18/30 at the age of 70. The
values of MMSE decrease with aging in subjects with schizo-
phrenia, especially in hospitalized subjects [14].
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Joint hypermobility in schizophrenia exhibits various dysauto-
nomic symptoms such as palpitations, chest discomfort, short-
ness of breath, and correlates with anxiety conditions.
Schizophrenia shows a larger autonomic cycle which exhibits
more severity and positive symptoms as joint hypermobility [3].
Thus, subjects with joint hypermobility and schizophrenia have
a greater chance of developing comorbid anxieties which show
intense positive manifestations and decreased quality of life. Jo-
int hypermobility was assessed by the Hospital del Mar scale
and has an overall point of 10. Scores were separated for males
and females: for females 5/4 and for males 4/3, and the values
specified for each joint range between 0 and 0.65. PANSS (Po-
sitive and Negative Syndrome Scale) [15] was used to identify
the severity of positive or negative symptoms of injury which
correlate with joint hypermobility. It provides a dual evaluation
of both positive and negative symptoms.

Materials and methods

The observational study included data from people with schi-
zophrenia in Adharavu home for schizophrenia between 18-45
years of age. A total of 15 participants were screened and were
chosen based on the inclusion criteria of: Diagnosed case of
schizophrenia, both men and women, age between 18-45, mi-
nimum 2 years of illness with schizophrenia, subjects with a
minimum score of 26 on the Mini Mental State Examination.
The exclusion criteria were: Recent fractures in the lower
extremity, recent surgeries in the lower extremity, recent ab-
dominal surgeries, any severe lower limb deformities, any
other neurological disorders, and dementia.

Table 1. Demographic data of schizophrenia

This study was approved on 25.03.2022 by the Institutional
Ethical Committee (Ethical clearance number: 8316) of SRM
Institute of Science and Technology and obtained permission
from the head of Adharavu home for schizophrenia. The study
included subjects with schizophrenia aged between 1845
years. Participants were selected according to the inclusion and
exclusion criteria. The procedure was described to the subjects,
and informed consent was obtained. The gait of the subjects
was captured using a Nikon D3300 camera that captures video
at 60 frames per second in 1080p MPEG-4 format. The gait
analysis was performed using the Gait On Software. Gait On is
a motion analysis program with a built-in gait reference proto-
col. This set of reference values is based on J. Perry's model
(RLA medical center, California). Participants were asked to
wear loose clothing or shorts. The following landmarks were
marked with colored tapes: on posterior aspects bilateral PSIS,
midpoint of the calf, midpoint of the Achilles tendon, insertion
point of the Achilles tendon at the calcaneum; on lateral
aspects greater trochanter, lateral femoral condyle, lateral mal-
leoli on both right and left sides of limbs, and one marker in
front of the calcaneum on the lateral aspect of the foot. On the
anterior aspects, markers were placed at the midpoint of the
patella and the 2" toe of the foot on both the right and left si-
des of the limbs. Participants were then instructed to walk
along a 5-meter track.

Results
Table 1 shows the mean value of height, weight, and BMI of
18 to 45 years of males and females with Schizophrenia.

Age [yrs] Gender Height [cm] Weight [kg] BMI [kg/m?]
18-45 Male 167.4 65.25 23
18-45 Female 164.8 68.4 25

Table 2 shows the value of kinematic parameters of the ankle
joint in schizophrenia. On the right side, the mean values are:
initial contact 101, loading response 102, mid-stance 105, ter-
minal stance 92, pre-swing 99.8, initial swing 86.4, and mid-

Table 2. Kinematic parameters of ankle joint in schizophrenia

swing 98.7. On the right side, loading response, mid-stance,
terminal stance, initial swing, and mid-swing were found to be
significant < 0.05, while initial contact and pre-swing were
non-significant > 0.05.

Kinematic parameter IC LR MS TS PS IS MS
Reference values 92.5+2 93+3 82+4 80+4 104+ 5 9 +5 90+3
Mean 101 102 105 92 99.8 86.4 98.7
Right SD 26 15 14.4 14.6 11.3 10.2 4.5
p-value 0.22, NS* 0.03, S* 0.00, S* 0.00, S* 0.17, NS* 0.00, S* 0.00, S*
Mean 83 86 87 86 92.8 80 82.6
Left SD 21.5 14.7 8.5 9 13 5.3 3
p-value 0.12, NS* 0.12, NS* 0.03, S* 0.01, S* 0.00, S* 0.00, S* 0.00, S*

foot note: IC — initial contact, LR — loading response, MS — mid stance, TS — terminal stance, PS — preswing, IS — initial swing, MS — mid swing

74 doi.org/10.56984/8ZG20A37C
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On the left side, the mean values are: initial contact 83, lo-
ading response 86, mid-stance 87, terminal stance 86, pre-
swing 92.8, initial swing 80, and mid-swing 82.6. On the left
side, mid-stance, terminal stance, pre-swing, initial swing, and
mid-swing were significant < 0.05, while initial contact and
loading response were non-significant > 0.05.

Table 3 shows the value of kinematic parameters of the knee
joint in schizophrenia.

On the right side, the mean values are: initial contact 155, lo-

Table 3. Kinematic parameters of knee joint in schizophrenia

fizjoterapia poiska  n——

ading response 164, mid-stance 168, terminal stance 159, pre-
swing 121, initial swing 128, and mid-swing 163. On the right
side, all parameters were found to be significant < 0.05.

On the left side, the mean values are: initial contact 166, lo-
ading response 166, mid-stance 168, terminal stance 132, pre-
swing 140, initial swing 142, and mid-swing 157. On the left
side, initial contact, loading response, mid-stance, terminal
stance, initial swing, and mid-swing were significant < 0.05,
while pre-swing was non-significant > 0.05.

Kinematic parameter IC LR MS TS PS 1S MS
Reference values 173 +£5 160.5+4.5 1725445 167+4 141.5+5.5 121 +5 151.5+5.5
Mean 155 164 168 159 121 128 163
Right SD 183 3.9 3.16 3.6 9 10.2 6.8
p-value 0.00, S* 0.00, S* 0.00, S* 0.00, S* 0.00, S* 0.01, S* 0.00, S*
Mean 166 166 168 132 140 142 157
Left SD 7.8 4.4 4.16 18.9 18.6 24 7
p-value 0.00, S* 0.00, S* 0.00, S* 0.00, S* 0.9, NS* 0.00, S* 0.00, S*

foot note: IC — initial contact, LR — loading response, MS — mid stance, TS — terminal stance, PS — preswing, IS — initial swing, MS — mid swing

Table 4. Kinematic parameters of hip joint in schizophrenia

Kinematic parameter IC LR MS TS PS IS MS
Reference values 23.5+3.5 225+35 3+3 19+4 11+4 13+4 26+4

Mean 24 9.9 4.7 —11 8.2 13 6.9

Right SD 3.6 9 1.6 3.9 9.4 8.3 15
p-value 0.4, NS* 0.00, S* 0.00, S* 0.00, S* 0.2, NS* 0.8, NS* 0.00, S*

Mean 25 13 3.2 —2.2 1.3 16 20

Left SD 6 7.7 6.3 8.7 16.5 12.3 7.7
p-value 0.3, NS* 0.00, S* 0.8, NS* 0.00, S* 0.04, S* 0.3, NS* 0.00, S*

foot note: IC — initial contact, LR — loading response, MS — mid stance, TS — terminal stance, PS — preswing, IS — initial swing, MS — mid swing

Table 4 shows the value of kinematic parameters of the hip jo-
int in schizophrenia. On the right side, the mean values of ini-
tial contact are 24, loading response is 9.9, mid stance is 4.7,
terminal stance is —11, pre swing is 8.2, initial swing is 13,
and mid swing is 6.9. On the right side, loading response, mid
stance, terminal stance, and mid swing were found to be signi-
ficant < 0.05; initial contact, pre swing, and initial swing were
found to be non-significant > 0.05.

On the left side, the mean values of initial contact are 25, lo-
ading response is 13, mid stance is 3.2, terminal stance is
—2.2, pre swing is 1.3, initial swing is 16, and mid swing is

www.fizjoterapiapolska.pl

20. On the left side, loading response, terminal stance, pre
swing, and mid swing were found to be significant < 0.05; ini-
tial contact, mid stance, and initial swing were found to be
non-significant > 0.05.

Table 5 shows the value of the anterior view of the kinematic
parameter of knee abduction/adduction in schizophrenia. On
the right side, the mean value of knee abduction/adduction is
—4.9 and was found to be significant < 0.05. On the left side,
the mean value of knee abduction/adduction is —2.14 and was
found to be significant < 0.00.
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Table 5. Kinematic parameters of anterior view in schizophrenia

Reference values

Kinematic parameter

Knee abuction / adduction

SD
Right —4.9 43 0.00, S*
Left —2.14 3.8 0.05, S*

Table 6. Kinematic parameters of posterior view in schizophrenia

Kinematic parameter

Pelvic drop

Rare foot angle

Reference values 25+2.5 25+25 4+£2 442
Mean 1.4 0.9 5.5 12.9
SD 1.9 3.5 8.1 8.5
p-value 0.00, S* 0.00, S* 0.4, NS* 0.00, S*

Table 6 shows the value of the posterior view of kinematic pa-
rameters in schizophrenia.

On the right side, the mean values are pelvic drop 1.4, and re-
ar foot angle 5.5. On the right side, pelvic drop was found to
be significant < 0.05, and rear foot angle was found to be non-
significant > 0.05.

On the left side, the mean values are pelvic drop 0.9, and rear

Table 7. Spatiotemporal parameters of schizophrenia

foot angle 12.9. On the left side, both pelvic drop and rear foot
angle were found to be significant < 0.05.

Table 7 shows the values of spatiotemporal parameters in schi-
zophrenia. The mean values of cadence (110.6), right stance
(0.71), left stance (0.71), right swing (0.58), left swing (0.59),
and gait cycle (0.88) show significance < 0.05. Cadence shows
no significance > 0.05.

Spatio-temporal Reference value Mean SD p-value
parameters
Cadence 115 +£25 110.6 10.6 0.14, NS*
RT stance 0.58 0.71 0.11 0.00, S*
LT stance 0.58 0.71 0.11 0.00, S*
RT swing 0.39 0.58 0.12 0.00, S*
LT swing 0.39 0.59 0.12 0.00, S*
Gait cycle 1.3£0.5 0.88 0.14 0.00, S*
180 166 164166 168168 163
120 101 99,8 160 = = 140 142 =
100 a3 92 6 92,8 86,4 o 10 132121 128
30 120
100
50 20
40 60
10
20 20
0 0
92502 0 10415 9915 90013 17315 160.5:45 1725:45 167+4 1415155 121#5 1515455
|c Ts b S s Ic (R MS TS PS IS MS
mRIGHT MEAN = (LEFT) MEAN = (RIGHT) MEAN 1 (LEFT) MEAN

Figure 1. Kinematic parameters of ankle joint in
schizophrenia

Figure 2. Kinematic parameters of knee joint in
schizophrenia
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Figure 5. Kinematic parameters of posterior view in
schizophrenia

Discussion

The motive of this study is to examine spatiotemporal and ki-
nematic variables in schizophrenia. The findings of this study
analyzed the gait kinematic analysis and spatiotemporal fac-
tors of schizophrenia aged between 18 to 45.

Kinematic analysis of ankle joint

Comparing with the reference value, the results show that
2D analysis of ankle joint kinematic variables in schizophre-
nia on the right side has significant changes in loading re-
sponse, mid stance, terminal stance, initial swing, and mid
swing, while there are no significant changes in pre-swing.
On the left side, significant changes occur in mid stance, ter-
minal stance, pre swing, initial swing, and mid swing, and
non-significant changes are seen in initial contact and lo-
ading response.

The results are similar to the study conducted by Bulbena, et
al (2007), wherein he explained that individuals living with
schizophrenia had ankle dorsiflexion > 45° in the standing
squat position, which is due to higher autonomic activities and
positive symptoms [3].

The results are also consistent with Fatima Sa, et al (2014),
which states that schizophrenia patients show fewer variations
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Figure 6. Spatiotemporal parameters of cadence and gait
cycle in schizophrenia

in ankle dorsiflexion and plantar flexion due to an inactive an-
kle strategy and respond to larger disturbances in balance,
which occur due to motor coordination deficits [16].

Kinematic analysis of knee joint

Comparing with the reference value, the results show that 2D ana-
lysis of knee joint kinematic variables in schizophrenia on the right
side has significant changes in initial contact, loading response, mid
stance, terminal stance, pre swing, initial swing, and mid swing. On
the left side, significant changes occur in initial contact, loading re-
sponse, mid stance, terminal stance, initial swing, and mid swing,
while there are no significant changes in pre-swing.

The results align with the study by Fatima Sa, et al (2014), in
which they concluded that during the throwing performance,
patients with schizophrenia demonstrate more knee flexion due
to the disability of motor action conveyed in insufficient colla-
boration, timing of tension, sensory processing, along with an-
ticipatory adjustments. These changes represent abnormalities
in inactive neural activity [16].

Kinematic analysis of the hip joint

Comparing with the reference value, the results show that 2D
analysis of hip joint kinematic variables in schizophrenia. On
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the right side, significant changes occur in loading response,
mid stance, terminal stance, and mid swing, and non-signifi-
cant changes are observed in initial contact, pre swing, and in-
itial swing. On the left side, significant changes occur in
loading response, terminal stance, pre swing, and mid swing,
and non-significant changes are observed in initial contact,
mid stance, and initial swing.

The results resemble those of Fatima Sa, et al (2014), which
state that during the throwing performance, patients with schi-
zophrenia increased the hip flexion by 100, and showed incre-
ased internal rotation of the hip and flexion of the hip due to
lower pelvic stability, which occurs due to motor coordination
deficits in schizophrenia [16].

The results are parallel with Runge et al (1999), which state
that individuals with schizophrenia use hip strategies that are
commonly identical, including rapid balance equilibrium with
a larger association of hip muscles, due to more time spent in
performing motor activities. This reveals a short response in-
terval along with disruptions in initiation and planned activi-
ties within schizophrenia.

The results match those of Bulbena et al (2007), which expla-
in joint hypermobility in schizophrenia and observe hip ab-
duction > 85° This is because subjects with paranoid
schizophrenia are more prone to experience panic and social
anxieties, which indicate hypermobility in schizophrenia [3].

Kinematic analysis of the anterior view

Comparing with the reference value, the results show that 2D
analysis of knee abduction/adduction (frontal plane) kinematic
variables are significant on both right and left sides.

The results are identical to those of Bulbena et al (2007), whe-
re he stated that joint hypermobility in medial to lateral patella
gliding is > ' among patients with schizophrenia due to hi-
gher comorbid anxieties, which correlate with severe positive
symptoms and a lower quality of life [3].

Kinematic analysis of the posterior view

Comparing with the reference value, the results show that 2D
analysis of the posterior view in schizophrenia indicates signi-
ficant changes in pelvic drop on the right side and significant
changes in both pelvic drop and rear foot angle on the left si-
de. On the right side, the rear foot angle shows non-signifi-
cance.

The results are proportional to those of Fatima Sa et al, whe-
rein they concluded that patients with schizophrenia compen-
sated for the revolving motion with a capability scheme and
flexion motion to a degree of the trunk and pelvis to enhance
power when throwing a ball. This also revealed anterior tilting
of the pelvis due to anticipatory activation of trunk muscles
[16].

Spatio-temporal parameters

Comparing with the reference value, the results show that 2D
analysis of spatiotemporal parameters of schizophrenia reveals
non-significance in cadence and a significant increase in stan-
ce phase time, swing phase time, and gait cycle time.

The results are similar to Putzhammer, et al. [5], which state
that assessing gait interruptions in dynamic situations among
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subjects with schizophrenia varies depending on antipsychotic
medication when compared with normal participants. This de-
scribes a decrease in gait velocity and no changes in cadence
due to the excitability of inhibitory projections from the basal
ganglia to the thalamus. Thalamocortical projections lose con-
trol over the facilitation of motor-linked cortical regions like
the supplementary motor area (SMA), cingulate motor regions,
and primary motor regions, as well as cognitive deficits.

The results are in line with Putzhammer, et al. [17] In their stu-
dy, they stated that reduced gait speed and pace hypometria
exist, but regulation of cadence remains unaffected. This sug-
gests reduced gait speed and pace hypometria due to the defec-
tive collaboration of a series of motor movements seen in
schizophrenia.

The results are analogous to Matteo Tonna et al. [18], in which
they concluded that there is a longer gait cycle time in schizo-
phrenia due to different locomotor patterns. They found a "mo-
tor paradox" in the control of gait in schizophrenia.

The results contrast with Melanie G. Nuoffer [19], who states
that subjects with cognitive disturbances exhibit slower speed,
reduced cadence, and shorter stride length. These issues arise
due to deficits in central motor control abnormalities, which
relate to unusual brain formation and associations in the motor
system, including the cerebellum.

It is recognized that individuals with schizophrenia show noti-
ceable kinematic changes in the ankle joint, knee joint, and hip
joint in the sagittal view. In the anterior view, significant chan-
ges are observed in knee abduction and adduction. In the po-
sterior view, the rear foot angle and pelvic drop show marked
changes. In spatiotemporal parameters, such as stance phase ti-
me, swing phase time, and gait cycle time, significant changes
are evident, but no apparent changes are seen in cadence.

Conclusion

This study's findings concluded that persons with schizophre-
nia show marked kinematic changes in the ankle joint on the
right side, which displays increased plantarflexion at all phases
of gait except at the initial swing, which displays increased
dorsiflexion. On the left side, increased dorsiflexion occurs at
all phases except at pre-swing, which displays increased plan-
tarflexion. In the knee joint, a significant increase in knee fle-
xion occurs at all phases of gait on the right and left side. In
the hip joint, increased hip flexion occurs at all phases except
at the terminal stance, which displays hyperextension on both
sides. In the anterior view, knee abduction and adduction di-
splay notable changes on both sides. In the posterior view, the-
re is a significant contralateral pelvic drop on both sides, and
significant changes in rear foot angle on the left side, and non-
significant changes in rear foot angle on the right side. In spa-
tiotemporal parameters, significant increases in stance phase ti-
me, swing phase time, and gait cycle time are noted, and no
apparent changes are observed in cadence.
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