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Abstract: We investigated the effect of an occupational therapy movement program (OTMP) on
the specific mechanical characteristics of walking in a person with dementia. The hip joint of the
patient’s dominant limb was examined for flexion, extension, adduction, abduction, and internal or
external rotation movements. This study included simple gait and dual-task gait conditions, with
motor and cognitive tasks performed simultaneously. Neuropsychological scales and the gait analysis
system (Vicon) were used to assess the patient pre- and post-intervention. Following the OTMP,
statistically significant improvements were observed in hip movements, including flexion/extension,
adduction/abduction, and internal/external rotation. These findings suggest that the OTMP can
enhance hip mechanical gait characteristics and potentially contribute to functional independence in
individuals with dementia.
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1. Introduction

Dementia is a complex neurodegenerative disorder characterized by progressive cog-
nitive decline, including memory impairment, executive dysfunctions, and behavioral
changes. Maintaining functional mobility, particularly gait, is a significant challenge for
individuals with dementia. Gait disturbances, such as reduced walking speed, an altered
stride length, and impaired balance, are prevalent and have a profound impact on their
overall quality of life [1,2]. Interventional movement programs have emerged as a promis-
ing approach to improving gait characteristics in patients with dementia. These programs
consist of structured physical exercises and activities aimed at enhancing motor control,
muscle strength, and coordination. By targeting these aspects, interventional movement
programs aim to address gait abnormalities and improve mobility and independence in
individuals with dementia [3,4].

Although previous research has investigated the effects of interventional movement
programs on gait performance in dementia, there is a paucity of studies focusing specifically
on the impact of these interventions on hip biomechanics despite the crucial role of the hip
joint in gait mechanics [5–9]. The hip joint plays a vital role in parameters such as stride
length, walking speed, and balance, influencing the overall gait function [10]. Therefore,
understanding the effects of interventional movement programs on hip biomechanics is
essential for developing targeted interventions that can optimize gait performance and mit-
igate the risk of falls in individuals with dementia. To comprehensively evaluate the impact
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of interventional movement programs on hip biomechanics, advanced motion analysis tech-
niques, such as three-dimensional gait analysis, can be employed. This technique enables
the assessment of joint kinematics, kinetics, muscle activation patterns, and joint loading,
providing valuable insights into the underlying mechanisms of gait improvement [11,12].
The present study aims to investigate the effect of an interventional movement program on
mechanical gait characteristics, with a specific focus on hip biomechanics in patients with
dementia. By examining changes in hip kinematics, kinetics, muscle activation patterns, and
joint loading pre- and post-intervention, this study aimed to enhance our understanding of
how interventional movement programs influence hip function during gait.

Using an Occupational Therapy Movement Program

Occupational therapy (OT) is essential to address dementia needs through person-
alized movement programs. It promotes independence and meaningful daily activities
by tailoring interventions to individual preferences and abilities. OT evaluates cognitive,
physical, and psychosocial aspects to identify movement challenges. With personalized
goals, it targets impairments, limitations, and environmental barriers [8,9,13,14]. Tailored
OT-based programs engage and motivate dementia individuals by integrating relevant
activities and enhancing participation, identity, and well-being [10,11,15,16].

2. Methods Section
2.1. Participants

The present study involved a man 76 years old, who met the criterion for the diagnosis
of vascular dementia and was diagnosed in the outpatient neurological clinic of dementia
of the University Hospital of Alexandroupolis. The patient had no previous orthopedic
surgery, no other neurological conditions that could affect their gait, no sensory deficits, and
could understand and execute commands during gait analysis and during the occupational
therapy motion program (OTMP). Our patient could walk independently for more than
100 m and had no psychiatric diagnosis. A cognitive assessment was performed (Mini-
Mental State Examination, MMSE test: 21/30). Written consent was applied, and the patient
was informed that they held the right to withdraw at any time he wished. The research
was conducted under the acceptance of the Scientific Council of the University Hospital
of Alexandroupolis.

2.2. Gait Analysis

A system of biomechanical analysis, Vicon(Vicon Motion Systems Ltd., Oxford, UK),
was used for the evaluation of patient gait, consisting of 6 cameras (100 images/s) that
were placed around a 12-m walking corridor with two power floors packed in the middle.
Two piezoelectric dynamos (Kistler, 60 × 40 cm, Kistler Group, Winterthur, Switzerland)
were used for the recording of ground-reaction forces (frequency 1000 Hz).

2.3. Gait Analysis Performance

The patient was informed about the gait analysis procedure. He was asked to keep his
lower limbs uncovered, and self-adhesive reflectors were placed on the pelvis and lower
extremities at specific anatomical points (posterior superior/anterior superior iliac spine,
thigh, lateral femoral epicondyle, middle of the tibia, lateral malleolus, heels, 2nd metatarsal
bone). The patient performed 10 gait attempts to become familiar with the procedure, and
then he was asked to walk using his natural gait speed. Ten valid gait attempts were
recorded and analyzed for every task (Figure 1).

The patient was examined both before and after the OTMP program and, in the
same way, for (1) simple gait and (2) dual-motor task gait; this involved holding a tray
with an empty glass in their dominant hand (elbow in flexion, 90◦ angle) and for (3),
under dual-cognitive gait, walking while talking about specific object categories (fruits,
clothes, furniture).



Eng. Proc. 2023, 50, 4 3 of 8Eng. Proc. 2023, 50, x  3 of 8 
 

 

 

Figure 1. The patient had the process of gait analysis explained and was ready to begin the initial 
familiarization with natural gait speed. 
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same way, for (1) simple gait and (2) dual-motor task gait; this involved holding a tray 
with an empty glass in their dominant hand (elbow in flexion, 90° angle) and for (3), 
under dual-cognitive gait, walking while talking about specific object categories (fruits, 
clothes, furniture).  

2.4. OTMP 
The occupational therapy movement program consists of a wide range of activities 

based on the activities of daily living and focusing on training specific mechanical char-
acteristics of gait. The program was tailored according to the patient’s needs in everyday 
living and was based on the occupational profile of the subject. In Table 1, the basic 
components of the program are presented.  

Table 1. Examples of the structure of the OTMP that was implemented. 
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2.5. Data Collection and Analysis 
A 3D gait analysis system was used under Nexus software (version 2.12.1) and heel 

landing and take-off time for the dominant lower limb were recorded. The analysis of 
data was performed using Polygon software (version 4.4.6). The statistical analysis was 
performed using IBM SPSS Statistics version 24.0 [17]. 

In this study, the hip joint of a patient with dementia was selected as the focus of the 
investigation, specifically evaluating its movements in terms of flexion, extension, ad-

Figure 1. The patient had the process of gait analysis explained and was ready to begin the initial
familiarization with natural gait speed.

2.4. OTMP

The occupational therapy movement program consists of a wide range of activities
based on the activities of daily living and focusing on training specific mechanical character-
istics of gait. The program was tailored according to the patient’s needs in everyday living
and was based on the occupational profile of the subject. In Table 1, the basic components
of the program are presented.

Table 1. Examples of the structure of the OTMP that was implemented.

Task Balance and Coordination Range of Motion and
Flexibility Strengthening Gait Training

Approach/Activities

e.g., Walking on
different surfaces

Standing on one leg and
throwing or kicking a ball

Putting cups on a cupboard
while standing on a single leg

e.g., (using hip flexor
stretches, calf,

hamstring stretches).
Bending or standing and

collecting objects from
different heights

e.g., Walking while holding
2 or more shopping bags

With a bulky object in
both hands

Walking with pants filled
with weights

e.g., Rhythmic stepping
with music

Coordinated arm swing
while “skiing”

Heel-to-toe walking from
one room to another

2.5. Data Collection and Analysis

A 3D gait analysis system was used under Nexus software (version 2.12.1) and heel
landing and take-off time for the dominant lower limb were recorded. The analysis of
data was performed using Polygon software (version 4.4.6). The statistical analysis was
performed using IBM SPSS Statistics version 24.0 [17].

In this study, the hip joint of a patient with dementia was selected as the focus of
the investigation, specifically evaluating its movements in terms of flexion, extension,
adduction, abduction, and internal or external rotation. This study was conducted under
the following two different gait conditions: simple gait and dual-task gait. Dual-task gait
involved performing a motor task, which entailed walking while holding a tray with an
empty glass, or a cognitive task, which involved walking while engaging in verbal commu-
nication regarding specific object categories. Prior to and following the motor intervention
program, the patient’s cognitive function was assessed using neuropsychological scales,
while a gait analysis system (Vicon) was employed to measure and analyze the hip joint
movements during 30 gait attempts under all task conditions. The motor intervention
program aimed to enhance the functional gait of the patient.
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3. Results

The results of this study demonstrate significant improvements in hip joint movements
following the implementation of the occupational therapy movement program (OTMP).
The OTMP, which consisted of exercises based on activities of daily living, resulted in
notable changes in the mechanical characteristics of walking.

3.1. Hip Flexion and Extension

From the results of the analysis of variance for repeated measures with the factors
of “measurement” (pre, post) and the “measurement condition” (simple gait, dual+motor
task, dual+cognitive task), a statistically significant interaction was observed (F3,30 = 3.896,
p < 0.05, η2 = 0.280). From the Bonferroni post hoc test, the flexion–extension angle of
the right hip joint was found to be significantly greater (p < 0.001) following the imple-
mentation of the intervention program for all measurement conditions. Regarding the
flexion and extension movements of the hip joint, during the simple gait condition, there
was a significant increase in the range of motion from pre-intervention (17.22◦) to post-
intervention (21.93◦). Similarly, in the dual-task condition with a motor component, the
range of motion improved from 18.13◦ pre-intervention to 24.58◦ post-intervention. In
the dual-task condition with a cognitive component, the range of motion increased from
17.27◦ pre-intervention to 22.66◦ post-intervention “Please see Figure 2a”.
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Figure 2. Effect of the OTMP on hip movements (a) Effect of the OTMP on the hip flexion–extension
angle of the dominant lower limb, (b) Effect of the OTMP on the hip adduction–abduction angle for
the dominant lower limb, (c) Effect of the OTMP on the hip internal–external rotation of the dominant
lower limb.
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3.2. Hip Adduction and Abduction

From the results of the analysis of variance for repeated measures with factors of
“measurement” (pre, post) and “measurement condition” (simple gait, dual+motor task,
dual+cognitive task), a statistically significant interaction was observed (F3,30 = 2.845,
p < 0.05, η2 = 0.574). From the Bonferroni post hoc test, the adduction and abduction
angle of the right hip joint was found to be significantly greater (p < 0.01) following the
implementation of the intervention program for all measurement conditions. For adduction
and abduction movements of the hip joint, there was a statistically significant increase in the
range of motion. In the simple gait condition, the range of motion improved from 2.55◦ pre-
intervention to 3.45◦ post-intervention. In the dual-task condition with a motor component,
the range of motion increased from 3.49◦ pre-intervention to 4.10◦ post-intervention. In
the dual-task condition with a cognitive component, the range of motion improved from
1.15◦ pre-intervention to 3.25◦ post-intervention “Please see Figure 2b”.

3.3. Hip Internal and External Rotation

From the results of the analysis of variance for repeated measures with the factors
of “measurement” (pre, post) and the “measurement condition” (simple gait, dual+motor
task, dual+cognitive task), a statistically significant interaction was observed (F3,30 = 29,650,
p < 0.001, η2 = 0.723). From the Bonferroni post hoc test, the internal and external rotation
angle of the right hip joint was found to be significantly greater (p < 0.01). In internal and
external rotation movements of the hip joint, significant improvements were observed. For
the simple gait condition, the range of motion increased from −15.78◦ pre-intervention
to −20.35◦ post-intervention. In the dual-task condition with a motor component, the
range of motion improved from −14.93◦ pre-intervention to −25.07◦ post-intervention. In
the dual-task condition with a cognitive component, the range of motion increased from
−15.45◦ pre-intervention to −22.10◦ post-intervention “Please see Figure 2c”.

Overall, the results indicate a statistically significant increase in the range of motion
of hip movements following the OTMP (p < 0.05). These findings suggest that the OTMP
effectively improved the mechanical characteristics of walking, specifically in terms of
hip-joint movements.

4. Discussion

From the results of our research, the basic hypothesis that hip motion parameters can
change under a structured program of motion activities based on everyday living (OTMP)
is confirmed. Maintaining optimal hip movements is important as it could preserve gait
performance in individuals with dementia. In a systematic review by Smith et al. [18],
the authors evaluated the impact of occupational therapy on gait training in individuals
with impairments in mobility. This review highlighted the positive effects of occupational
therapy interventions, including improvements in gait parameters and functional mobility.
Littbrand et al. [4] conducted a study focusing on older adults with limitations in mobility.
They implemented a structured occupational therapy program and found significant im-
provements in gait performance and balance. They found that improvements in the hip
range of motion, including flexion and abduction, were associated with enhanced balance
and reduced dependence on activities of daily living. Smith et al. investigated the effects
of a structured exercise program on hip movements in older adults with mobility limita-
tions but with no cognitive deficits. Their results demonstrated an increase in hip flexion
and an extension range of motion following the intervention. Furthermore, Buracchio
et al. [3] investigated the effects of occupational therapy intervention on gait outcomes in
individuals with neurodegenerative disorders. Their findings reveal improvements in gait
speed and stride length following the intervention. In the same line, but with a different
experimental group, Jones et al. [19] focused on the impact of a targeted rehabilitation
program on hip movements in patients recovering from hip arthroscopy. They found
significant improvements in hip abduction and the internal rotation range of motion after
the intervention. While their study focused on a different population and intervention,
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observed improvements in hip movements align with our findings. This similarity could
indicate that interventions targeting specific movements of the hip can effectively enhance
the range of motion in these movements. Additionally, Brown et al. [20] investigated the
effects of a specific exercise program on the hip joint range of motion in individuals with
hip osteoarthritis. They reported significant increases in hip flexion, extension, abduction,
and adduction range of motion after the intervention. Although their study population and
intervention differed from ours, the observed improvements in hip movements align with
our findings. This suggests that interventions targeting hip movements can lead to positive
changes in the range of motion, regardless of the specific clinical population. Targeted
interventions, including customized occupational therapy movement programs, structured
exercise programs, and targeted rehabilitation, might have the potential to improve hip
biomechanics and enhance functional mobility. These tailored interventions could result in
positive changes in hip movement as they focus on specific impairments. Sled et al. [21]
conducted a study examining the effects of a targeted exercise program on the hip range of
motion in individuals with hip osteoarthritis. The results showed significant improvements
in hip flexion, extension, abduction, and adduction, and a range of motion following the
intervention. Comparing these findings with what we found, there were similarities in
the improvements observed for the hip range of motion, indicating that targeted exercise
interventions can effectively enhance hip mobility in individuals. Therefore, it can be
concluded that interventions focused on improving hip movements have consistent effects
across different populations and conditions, indicating the importance of addressing hip
biomechanics in interventions aimed at enhancing functional mobility.

Limitations

Despite the interesting findings and contributions of this study, there are several limi-
tations that should be acknowledged. Firstly, it should be emphasized that case studies
inherently pose significant challenges in terms of generalizability. Secondly, this study
focused on the specific mechanical characteristics of walking, particularly hip movements,
without considering other aspects such as ankle movements, balance, stride length, or walk-
ing speed. While an improvement in hip biomechanics is a positive outcome, it is essential
to examine the comprehensive impact of the occupational therapy movement program on
overall gait performance and functional independence. Moreover, the study design was
limited to pre- and post-intervention assessments without a control group. The lack of a
control group restricts the ability to establish a causal relationship between the occupational
therapy movement program and the observed improvements in hip movements. Future
studies employing randomized controlled trials or comparative designs could provide
more robust evidence. Despite these limitations, this study provides valuable insights into
the potential benefits of an OTMP in improving specific mechanical characteristics of gait
in individuals with dementia. These findings warrant further investigation and replication
in larger and more diverse samples to establish the generalizability and effectiveness of
such interventions.

5. Conclusions

The present study provides valuable insights into the effectiveness of an OTMP guided
by gait analysis for improving the mechanical characteristics of walking in individuals
with dementia. The improvement in the subject’s hip motions could have important
implications for gait performance and functional independence. The individualized and
tailored nature of the occupational therapy approach allows for personalized interventions
that address specific movement impairments and functional limitations. Nonetheless, this
study underscores the important role of occupational therapy in optimizing gait mechanics
and improving the overall well-being of individuals with dementia.
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