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Introduction/Background: Tens of thousands of people are diagnosed with Parkinson’s 

disease (PD) each year, making it the second most common neurodegenerative disorder. PD 

results in a variety of gait disturbances that increase the fall risk of those afflicted. The 

overarching goal for this project is to examine the efficacy of Osteopathic Manipulative 

Treatment (OMT) and Osteopathic Cranial Manipulative Medicine (OCMM) in improving 

Parkinsonian gait.  

Objective: The purpose of this study was to compare joint range of motion (ROM) and 

joint angle waveforms before and after OMT to determine the effects of OMT and OCMM on 

Parkinsonian gait, as well as to compare the relative effects of each treatment protocol. We 

hypothesized that the application of a single OMT protocol on adults with PD will acutely 

increase joint ROM, and the addition of OCMM to the OMT treatment protocol will further 

improve gait kinematics. 

Methods: An 18-camera motion analysis system was used in conjunction with 54 

reflective markers on the body to capture three-dimensional position data in a short treadmill 

walking trial before and after the application of a whole-body (OMT-WB), neck-down (OMT-

ND), or sham OMT protocol. Ankle, knee, and hip joint ROM and waveforms in the sagittal 

plane during the gait cycle were compared before and after treatment, and across experimental 

groups.  
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Results: No significant differences were found in baseline ROM and joint angle 

waveforms of the hip, knee, and ankle joints across experimental groups, or in post-treatment 

joint waveforms across experimental groups. Knee ROM increased significantly following 

OMT-ND and OMT-WB protocols (p=0.018, p=0.032). Waveform analysis revealed no 

significant differences at the hip, knee, or ankle joints.  

Discussion/Conclusion: Comparison of baseline measurements validates participant 

randomization and an increase in sagittal knee ROM in individuals with PD following OMT and 

OCMM may have important implications for decreasing potential fall risk. However, waveform 

analysis shows no significant change in gait pattern as evidenced by sagittal joint angles 

following OMT-WB, OMT-ND, or SHAM treatments.  
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CHAPTER 1 

INTRODUCTION TO THE STUDY 

 

PD is the second most common neurodegenerative disease and is currently estimated to 

affect one million Americans with tens of thousands of new diagnoses being made each year 

(Marras and Beck et al. 2018). While the specific etiology of PD is largely unknown, the motor 

dysfunction that results from a loss of dopamine production in the substantia nigra in PD is well 

characterized. Manifestation of PD can result in bradykinesia, rigidity, resting tremor, decreased 

postural stability, and gait disturbances, the presence of which are largely used as a basis for 

diagnoses of PD. Individuals with PD are three to nine times more likely to fall than healthy 

adults, and of the 38-87% of PD patients who fall each year, 2/3 of them fall recurrently 

(Contreras & Grandas 2012; Wood 2002). Falling/gait disturbance is a major contributor to PD 

disability (Wood 2002), doubles direct medical costs of PD (Spottke, Reuter et al. 2005), and is 

associated with an increased risk of death (Bennett, Beckett et al. 1996).  

OMT emphasizes the central role of the musculoskeletal system, which is ideal for 

addressing the somatic dysfunction associated with neurodegeneration and muscular rigidity in 

PD. While it has been found that a standardized OMT protocol can acutely increase stride length 

and upper and lower limb segment velocities in individuals with PD (Wells, Giantinoto et al. 

1999), there have been few studies in recent years that explore the effects of a standardized OMT 

protocol on Parkinsonian gait characteristics. Previous studies examining Parkinsonian gait also 

fail to examine the gait cycle in its entirety, and instead analyze discrete points, which this study 

sought to address by incorporating waveform analysis.  
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OCMM emphasizes the inter-relationship of the cranium, central nervous system, and 

cerebrospinal fluid with the rest of the body, and leverages the primary respiratory mechanism 

and balanced membranous tension. This study poses the question of whether the addition of 

OCMM to an OMT protocol can further improve Parkinsonian gait by improving the circulation 

of the affected nervous tissue. A retrospective study found that individuals with PD have an 

increased frequency of occipitoatlantal and occipitomastoid compressions compared to a control 

group (Rivera-Martinez, Wells et al. 2002). Somatic dysfunction of the upper cervical spine and 

occiput, as well as cranial strain may have an effect on the substantia nigra, and if so, a potential 

increase in circulation to the nervous tissue due to OCMM techniques may counteract these 

effects. 

In this project, gait analysis took place both prior to and following a ‘Neck-down’ OMT 

protocol (OMT-ND), ‘Whole-body’ OMT protocol (OMT-WB), or sham protocol. The OMT-

ND treatment group received a standardized protocol that is tailored to addressing biomechanical 

dysfunction in the trunk and limbs, while the OMT-WB treatment group received OCMM 

techniques in addition to the OMT-ND protocol. With the inclusion of an OMT-WB treatment 

group, we seek to address the effects of treating expected cranial dysfunction (Rivera-Martinez, 

Wells et al. 2002) on parkinsonian gait. A sham protocol was included to strengthen the internal 

validity of the treatment groups in the study by controlling for placebo components such as 

assessment and observation, therapeutic ritual, and a supportive patient-practitioner relationship 

(Kaptchuk, Kelley et al. 2008). Sagittal hip, knee, and ankle angles throughout the gait cycle 

were utilized as kinematic outcome measures to identify acute changes in range-of-motion 

(ROM) following the application of a standardized OMT protocol, as research has shown that 

rigidity in the sagittal plane is a prevailing feature of Parkinsonian gait.  
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The purpose of this research project was to identify whether OMT is a viable adjunctive 

treatment for improving walking mechanics in patients with PD to reduce fall risk, slow the onset 

of biomechanical dysfunction, and improve quality of life. This study utilized an analysis of 

kinematic gait parameters of individuals with PD to explore the effects of OMT and OCMM 

techniques on Parkinsonian gait. 
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CHAPTER 1 

BACKGROUND AND RELATED LITERATURE 

 

Section 1: How Does Parkinson’s Disease Affect Gait? 

PD is a neurodegenerative disorder of which the etiology is still largely idiopathic. The 

disease is characterized by a progressive loss of dopaminergic nigrostriatal neurons in the 

substantia nigra pars compacta, a basal nucleus within the midbrain at the level of the superior 

colliculus that plays an important role in motor control (Kravitz, Freeze et al. 2010). Loss of 

dopaminergic input to the putamen and dopamine-regulating proteins results in decreased 

glutamatergic output from the cerebral cortex, with virtually all of these proteins being lost by 

five years post-diagnosis. Decreased cortical glutamatergic output causes the resting tremors, 

freezing, rigidity, and bradykinesia which characterize Parkinsonian gait (Morris, Iansek et al. 

1994).  

Reduction of joint ROM in the sagittal plane is a prevailing feature of Parkinsonian gait 

and addressing this deficit could be important for decreasing fall risk and increasing the quality 

of life for individuals with PD. It is known that basal nuclei dysfunction results in a reduced joint 

ROM and increased rigidity (Morris, McGinley et al. 1999). Gait analysis has confirmed that 

people with PD have a significantly slower walking velocity and a decreased stride length with a 

decrease in ROM at the ankle joint as shown by a reduction in plantarflexion at toe-off, and a 

reduction of max plantarflexion in the swing phase compared to controls (Sofuwa, Nieuwboer et 

al. 2005; Raccagni, Gabner et al. 2018). Morris and colleagues performed a three-dimensional 

analysis of kinematic gait parameters in individuals with PD and found a decreased ROM at the 

hip, knee, and ankle joints compared to controls (Morris, Iansek et al. 2005). Sagittal knee ROM 
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in individuals with PD was also found to be significantly smaller than controls in a study by Xu 

et al. which examined the implications for this deficit when walking on irregular surfaces (Xu, 

Hunt et al. 2018). Additionally, a recent retrospective study by Kyeong and colleagues compared 

gait characteristics of people with neurological disorders, and this study found that the main 

feature of Parkinsonian gait is a resistance to joint movement, with a reduction in maximal hip 

extension in the stance phase (Kyeong, Kim et al. 2020).  

The gait deficits identified in individuals with PD have a significant role in increasing fall 

risk (Dahodwala, Nwadiogbu et al. 2017). A reduction of maximal hip extension in the terminal 

stance phase and a reduction in plantarflexion of the ankle at toe-off reflects a more conservative 

gait pattern with less propulsive drive, which would contribute to the slower walking velocity 

and step length seen in PD; however, while a slower walking velocity and decreased step length 

have been associated with increased fall risk in elderly populations (Kyrdalen, Thingstad et al. 

2019), walking speed is not the only indicator for increased fall risk in individuals with PD 

(Dahodwala, Nwadiogbu et al. 2017). Sufficient vertical foot clearance may not be maintained in 

Parkinsonian gait due to decreased ROM of the knee joint, which has important implications for 

walking on irregular surfaces or obstacle avoidance (Xu, Hunt et al. 2018). Increasing the 

functional mobility of the knee joint in these individuals could reduce fall risk when walking on 

irregular or natural surfaces by increasing vertical foot clearance during the swing phase.   

 

Section 2: Parkinsonian Gait and Osteopathic Manipulative Treatment 

OMT is a philosophy and tool used by osteopathic physicians which includes palpation 

and manipulation of the musculoskeletal system to assist in diagnosing and treating disease and 

somatic dysfunction. Osteopathic manipulation takes into account the interplay of all body 



 7 

systems in the manifestation of disease and utilizes a hands-on approach to addressing 

dysfunction and malalignment. Common OMT techniques include muscle energy, or the use of 

isometric contractions and reciprocal and autogenic inhibition to relieve joint restriction; strain 

and counterstrain, a passive positional technique; high-velocity low-amplitude thrusts; and 

myofascial release, which utilizes the slow application of gentle pressure to relieve myofascial 

restrictions.  

OMT in general emphasizes the central role of the musculoskeletal system and could be 

an ideal complimentary treatment option addressing the somatic dysfunction resulting from 

neurodegeneration and muscle tone disturbance in PD.  It has been shown that muscle energy 

techniques can increase the ROM of a joint following their application (Moore, Laudner et al. 

2011), which is important because rigidity and restriction of motion is a major cause of gait 

disturbances in PD. OMT has also been shown to significantly improve the postural stability of a 

healthy elderly subject pool (Lopez, King et al. 2011). In this study, Lopez and colleagues 

evaluated the postural stability of 20 older adults over 4 weeks and noted that weekly OMT 

significantly reduced anterior-posterior sway after the third visit. Although this research was 

performed in relatively healthy individuals, the improvement of joint ROM and postural stability 

following the application of OMT leads us to believe that OMT may also be useful for improving 

gait patterns in people with PD.  

Wells was the first to explore the influence of a single OMT session on gait 

characteristics in PD (Wells, Giantinoto et al. 1999). He hypothesized that OMT could break the 

cycle of muscle tension and muscle, fascial, and tendon shortening that contributes to decreased 

joint ROM and postural instability. The study showed that those with PD exhibited a 

significantly increased stride length and increased upper and lower limb segment velocities 
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following OMT (Wells, Giantinoto et al. 1999).  A pilot study has since examined the effects of 

multiple sessions of a standardized OMT protocol on individuals with PD over a period of six 

weeks and found a significant improvement in motor function as measured by the MDS – 

Unified Parkinson’s Disease Rating Scale (DiFrancisco-Donoghue, Apoznanski et al. 2017).  

 

Section 3: Parkinson’s Disease and Osteopathic Cranial Manipulative Medicine 

An increased frequency of somatic dysfunction in individuals with PD, and the close 

anatomical relationship of structures implicated in PD within the skull, raise the question of 

whether OCMM can improve gait performance by improving circulation to the affected nervous 

tissue. Much of the attention in addressing Parkinsonian gait has been aimed at the lower body 

and trunk, but PD is a disorder of the basal nuclei, and as such we believe that attention should 

also be called to the head, neck, and central nervous system. Additionally, a retrospective study 

performed by Rivera-Martinez and colleagues kept record of somatic dysfunction and strain 

patterns found in those being treated for PD and found an increased frequency of occipitoatlantal 

and occipitomastoid compressions compared to an age-matched healthy control group (Rivera-

Martinez, et al. 2002). The dysfunctions identified by Rivera-Martinez and colleagues may 

originate from stooped Parkinsonian posture with flexion at the head, torso, and lower 

extremities, and cranial dysfunction at the occiput may have a significant effect on the substantia 

nigra.  

The substantia nigra receives arterial supply via paramedian branches of both the 

posterior cerebral and posterior communicating arteries as well as the superior cerebellar arteries, 

which branch from the basilar artery (Carpenter 1991). This branching occurs in close proximity 

to the junction of the occiput and sphenoid bone, or sphenobasilar synchondrosis, anterior to the 
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ventral midbrain. The anatomical relationship of the sphenobasilar synchondrosis, ventral 

midbrain, including the substantia nigra, and the related arterial and venous structures could 

imply a relationship between cranial dysfunction and arterial supply/venous drainage to and from 

the substantia nigra. A.T. Still, the founder of osteopathy, stated, “The rule of the artery is 

absolute,” (A.T. Still 1908) and therefore any interruption of the substantia nigra’s arterial supply 

may contribute to an accelerated disease progression in individuals with PD. 

OCMM is a system of diagnosis and treatment which uses the primary respiratory 

mechanism and balanced membranous tension. The primary respiratory mechanism is a 

conceptual model of the central nervous system’s internal tissue respiration (Educational Council 

on Osteopathic Principles (ECOP) 2017). While OCMM has been practiced by osteopathic 

physicians for over a century, the evidence demonstrating its effectiveness is conflicting. This is 

partly due to many studies exhibiting a high risk of bias or substandard methodology. A 

systematic review conducted in 2011 reviewed eight studies that met inclusion criteria and noted 

some positive clinical outcomes for pain reduction, change in autonomic nervous system 

function, and improvement of sleeping patterns, but was unable to draw definitive conclusions 

due to heterogeneous evidence and moderate methodological quality (Jäkel & von Hauenschild 

2011). Similarly, a 2016 review found that evidence of the efficacy of techniques and therapeutic 

strategies in cranial osteopathy is almost non-existent, with 11 studies being excluded from the 

review due to a high risk of bias (Guillaud, Darbois et al. 2016). However, there is also a 

growing body of evidence to suggest OCMM can be beneficial for balance, sleep, and various 

dysfunctions (Cutler, Holland et al. 2005; Lopez, King et al. 2011), and evidence from NASA to 

support cranial bone motion (Ueno, Ballard et al. 2003). In this study, the addition of the OMT-

WB treatment group, which included OCMM techniques, sought to identify any acute changes in 
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gait due to OCMM techniques and subsequent theorized increased cranial blood flow. Our 

results will add to the research base for examining the effectiveness of OCMM in treating 

diseased populations, primarily in those with disorders involving the central nervous system. 
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CHAPTER II 

SPECIFIC AIMS 

 
Aim 1: This project aimed to compare the baseline range-of-motion (ROM) of the hip, knee, and 

ankle joints in the sagittal plane between experimental groups with PD.  

 

Hypothesis 1: We hypothesize the baseline ROM at the hip, knee, and ankle joints will 

not be significantly different between experimental groups, verifying the validity of our 

participant randomization.  

 

Aim 2: This project aimed to explore the effects of a single session of OMT and a single session 

of OMT + including OCMM on the gait of adults with PD.  

 

Hypothesis 2: We hypothesize that the application of a standardized OMT or OMT + 

OCMM protocol will improve parkinsonian gait by decreasing rigidity – as evidenced by 

an increase in the ROM of the hip, knee, and ankle joints.  

 

Aim 3: This project aimed to compare the effects of a standardized OMT protocol and the effects 

of an OMT protocol including OCMM techniques on the gait of adults with PD.  

 

Hypothesis 3: We hypothesize that the addition of OCMM to the treatment protocol will 

further improve gait kinematics compared to an OMT protocol focused only below the 

head and neck.  
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CHAPTER III 

SIGNIFICANCE 

 

Motor signs such as bradykinesia and rigidity, which are characteristic of PD, act as 

independent risk factors for falls in adults (Dahodwala, Fitts et al. 2017). While falls are the 

leading cause of injury among the elderly in the United States, those with the gait disturbances 

seen in PD are at a significantly higher risk (Bennett, Beckett et al. 1996; Wood et al. 2002; 

Moreland, Kakara et al. 2020). Individuals with PD are three to nine times more likely to fall 

than healthy adults, and of the 38-87% of PD patients who fall each year, 2/3 of them fall 

recurrently (Contreras & Grandas 2012; Wood 2002).  

Falling and gait disturbances are major contributors to PD disability (Wood 2002), and in 

addition to doubling direct medical costs of PD (Spottke, Reuter et al. 2005), is associated with 

an increased risk of death (Bennett, Beckett et al. 1996). For these reasons, it is important to 

understand what treatments may be useful in improving motor function or lessening the impact 

of gait disturbances on the risk of falls and injury. The results of this study will help to inform 

osteopathic physicians of the potential benefits of utilizing standardized OMT-ND or OMT-WB 

protocol as a complementary approach to treating PD and decreasing fall risk in this population.  
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CHAPTER IV 

METHODS 

 

Section 1: Subject Recruitment and Inclusion/Exclusion Criteria 

 This study utilized previously collected data from a two-group, randomized controlled 

trial in which individuals with idiopathic PD (n=45) and age-matched healthy participants (n=45) 

were recruited from the community through senior living centers, churches, independent living 

residences, appropriate PD related events, and the UNTHSC on-campus clinic. Participants were 

recruited from these locations via flyers, Daily News, and word of mouth, and screening for 

inclusion/exclusion criteria was conducted over the phone. Inclusion/exclusion criteria is detailed 

below: 

 
Inclusion criteria: 

• 18 years of age or older 

• Healthy (not under ongoing medical care for health problems that could impact 

performance on study tasks) 

• Ability to stand independently for 1 minute and walk independently for 100 yards 

• Abstained from any OMT or PT within the past 30 days (self-reported) 

• For PD participants: Neurologist-diagnosed idiopathic PD in Hoehn & Yahr stages 1.0 - 

3.0 

Exclusion criteria:  

• Currently receiving or received OMT or PT within the past 30 days 

• Previous surgical management of PD (pallidotomy, deep brain stimulation [DMS]) 



 14 

• Central or peripheral nervous system disorders other than PD including, but not limited 

to, sclerosis, cerebral palsy, Alzheimer’s disease, or chronic fatigue syndrome 

• Have cognitive impairment as defined by the Mini-Mental Status Examination (<26 for 

subjects with PD and <24 for control subjects) 

• Are unable to stand independently for 1 minute and to walk independently for 100 yards 

• Weighs over 400lbs 

• Idiopathic PD in Hoehn & Yahr stages >3.0 

 

Informed consent and demographic information were obtained upon arrival. The participants 

of the study underwent a baseline assessment of clinical measures and neurological evaluation 

including a Mini-Mental Status Exam (MMSE), which is a quantitative assessment of cognitive 

impairment, motor assessment using the Unified Parkinson Disease Rating Scale (UPDRS), and 

assessment of disease progression using Hoehn and Yahr Staging Scales. Control subjects with 

MMSE scores <24 and persons with PD with MMSE scores <26 were excluded based on 

normative data presented in articles by Lopez and Hoops (Lopez, Charter et al. 2005; Hoops, 

Nazem et al. 2009). Persons with PD who score >3.0 on the Hoehn & Yahr Scale were excluded 

from participation and it is unlikely that they would be able to stand independently for one 

minute or walk independently for 100 yards. A score of 1-3 on the Hoehn & Yahr Scale 

describes unilateral/ minimal functional impairment, mild bilateral impairment, and impaired 

righting reflexes, but the patient can still live independently in these stages. In stages 4-5, the 

disease is fully developed, and the patient is either markedly impaired or is confined to a bed or 

wheelchair. 
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Section 2: Study Design and Data Collection 

After subject consent was obtained, a Functional Reach Test was performed which tests 

the ability of a person to move their center of mass to the anterior limits of the base of support 

(Duncan, Weiner et al. 1990). Each participant’s natural walking speed was calculated by timing 

a short walk over a known distance and was used to set initial treadmill speed. Subjects donned a 

harness, had fifty-four markers placed on key anatomical landmarks, and underwent a short static 

and dynamic calibration phase for the motion capture system before completing quiet standing 

and walking measurements on the treadmill. During the walking measurement, the treadmill was 

set at the participant’s natural walking speed and was held constant, while the participant was 

asked to walk normally for one minute. 

After the baseline assessment, the PD participants were randomly assigned to one of three 

groups (detailed below). Age matched controls were assigned the same OMT protocol as their 

PD match which resulted in a total of six groups. One group received a standardized OMT-ND 

protocol, one received a standardized OMT-WB protocol, and the last received a sham protocol. 

Following receipt of an OMT or sham protocol, each subject was assessed in the same manner as 

previously described - including static and dynamic calibration, quiet standing, and walking 

measurements. This project’s aims only required analysis of the walking trials of the PD 

participants, and not the age-matched healthy controls. The sham protocol acted as a control 

group in the experiment.  

The OMT and sham protocols are described below: 

  

OMT-ND: The neck-down protocol took into consideration previous relevant studies (Lopez, 

King, Knebl et al. 2011; Wells, et al. 1999). OMT was used bilaterally on the following areas 
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with one or more techniques including myofascial release, articulatory, muscle energy, and 

balanced ligamentous tension. The OMT-ND protocol lasted approximately 20-25 minutes. 

• Cervical spine 

• Thoracic spine 

• Lumbar spine 

• Shoulder girdle 

• Sacroiliac joint 

• Innominates 

• Leg musculature (including psoas, piriformis, hamstring, and adductors) 

• Ankles 

  

OMT-WB: This protocol included all the techniques in the OMT-ND protocol, but also included 

techniques focused on expected cranial dysfunction (Rivera-Martinez, 2002). The OMT-WB 

protocol lasted approximately 25-30 minutes. 

• Evaluation for strain patterns 

• Occipitoatlantal decompression 

• Sphenobasilar synchondrosis decompression 

• Occipitomastoid suture V-spread 

• Temporal bone balancing 

• Venous sinus drainage technique 

  

Sham: The sham protocol consisted of an examination of the subject’s active and passive range 

of motion in the spine and extremities - testing the same joints that were treated with OMT. The 
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subject was similarly positioned in sitting, supine, and lateral recumbent positions but did not 

receive active intervention. To provide a sham for the OMT-WB protocol, the subject lied supine 

with the physician's pronated hands supporting the dorsal aspect of the patient's head. The sham 

procedures were conducted for approximately 20-25 minutes.  

 

 

 

 

 

While data from both PD participants and age-matched controls was collected, this study’s 

aims focus specifically on the effects of OMT on individuals with PD, so only the PD 

experimental groups were examined (as highlighted by the dashed border in Figure 1) with the 

sham treatment group acting as a control for the OMT-WB and OMT-ND treatment groups. Data 

from seven participants was excluded due to no walking trial being performed (n=1) or data 

collection/processing errors (n=6). 

 

 

Figure 1 - Study design. PD = Parkinson’s Disease, HC = Healthy Control. 
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 Data was collected using an 18-camera Motion Analysis System which captured three-

dimensional position data for the reflective markers at 120 Hz, allowing for precise calculation 

of kinematic gait parameters (Motion Analysis Corp, Santa Rosa, CA, USA). A chest harness 

tethered overhead to a steel safety system could support the subject’s entire body weight in the 

event of a fall. Walking data was collected using V-Gait CAREN (Computed Assisted 

Rehabilitation Environment Network, DIH Technology Inc., USA), a dual-belt treadmill-based 

gait analysis system. 

 

 OMT-WB (n=14) OMT-ND (n=12) SHAM (n=12) p-value
Age (years) 67.3 ± 12  71.5 ± 7.7  63.5 ± 7.7 0.314
Height (cm)   171 ± 9.1  168 ± 12  174 ± 15 0.362
Mass (kg) 79.2 ± 21 73.9 ± 17 93.4 ± 23 0.305

Hoehn & Yahr  1.89 ± 0.7  1.75 ± 0.8  2.13 ± 0.7 0.474
UPDRS  19.9 ± 11  15.3 ± 8.8  24.1 ± 7.0 0.135

M/F 9M/5F 4M/8F 10M/2F ---

Table 1 - Mean and SD Subject Demographics and Clinical Assessment Scores  

Figure 2 - Study participant instrumented with reflective markers and walking on the V-
Gait CAREN dual-belted treadmill with safety harness 

Abbreviations: M=Males, F=Females, UPDRS = Unified Parkinson’s Disease Rating Scale 
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Section 3: Data Processing  

Visual3D (C-Motion, Germantown, MD) was used to create a virtual three-dimensional 

model from motion capture data. In Visual3D, a previously created model template was applied 

to the position data of the reflective markers. The model template contains pre-defined body 

segments and joints, which make calculation of kinematic parameters such as joint angles, and 

kinetic parameters such as force and torque produced, possible through inverse dynamics. 

 MATLAB (The Mathworks Inc., USA) was used to time-normalize the resulting joint 

angle data at the hip, knee and ankle to 100% of the gait cycle including both stance and swing 

phases. Heel strike was used for delineation of gait cycles, which was defined based on the 

coordinate-based treadmill algorithm outlined by Zeni and colleagues (Zeni, Richards et al. 

2008). This method plots the displacement of the heel marker relative to the sacral marker on the 

z-axis (anterior/posterior), where peaks coincide with heel strike. -Z was defined as anterior, and 

+z was defined as posterior. In other words, heel strike occurs when the heel marker is the most 

anterior compared to the sacral marker.  

 

𝑡!""#	%&'()" = −(𝑍*""# − 𝑍+,-'./)/,0 

 

The use of this coordinate-based treadmill algorithm for defining gait events eliminates 

the need for force plate data. Force plate data in studies involving individuals with gait 

abnormalities can be inaccurate, especially in cases where a shuffling gait may result in 

insufficient vertical foot clearance during the swing phase, registering a ‘heel strike’ before the 

limb has finished its recovery. This algorithm was found to have an average offset for right and 
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left heel strikes of 0.63 and 0.10 frames respectively compared to force plate data in stroke 

subjects (Zeni, Richards et al. 2008).  

 In calculations of ROM, twenty gait cycles of each participant were identified from the 

middle of the walking trial, and the first five were used for analysis of ROM to overcome normal 

stride-to-stride variability (Maynard, Bakheit et al. 2003). ROM was defined as maximum 

flexion of the joint subtracted by maximum extension, or minimum flexion, during one full gait 

cycle from heel strike. The participant’s self-identified dominant limb was used for statistical 

analysis because in individuals with PD who present asymmetrically, the dominant-side is found 

to be affected first in both right- and left-handed individuals (Barrett, Wylie et al. 2011). In 

preparation for waveform analysis, the middle ten gait cycles were extracted, and the first five 

were averaged for each participant to overcome stride- to-stride variability (Maynard, Bakheit et 

al. 2003).  

  

Section 4: Statistical Analysis 

 Demographic and clinical measures were analyzed using one-way analysis of 

variance (ANOVA).  To address our first aim, and to determine the validity of the study’s 

participant randomization/verify that pre-treatment experimental groups were not significantly 

different, pre-treatment ROM of the hip, knee, and ankle joints were compared using one-way 

ANOVA, and pre-treatment joint angle waveforms were compared using statistical parametric 

mapping (SPM) one-way ANOVA (Pataky, 2012). Our second aim sought to compare sagittal 

joint angles before and after an assigned OMT protocol. To examine the effect of the OMT 

protocols on lower limb ROM, pre- and post-treatment ROMs were compared using paired t-

tests, and SPM paired t-tests were used to compare pre- and post-treatment gait cycle-normalized 
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joint angle waveforms. To address our third aim, which sought to compare the effects of each 

treatment protocol, SPM one-way ANOVA was used to analyze post-treatment joint angle 

waveforms between experimental groups. All statistical analysis was performed in MATLAB 

(The Mathworks Inc., USA).  

SPM was chosen for this project because it allows for a continuous comparison of all data 

points in the gait cycle waveform, which is easily visualized by plotting the SPM t-statistic 

against % gait cycle. The continuous nature of time series data presents a unique challenge for 

analysis and has traditionally been analyzed in a discrete manner in biomechanics by reducing 

the waveform to key events within the time series for direct comparison. For example, in 

previous studies looking at joint angle data, maxima, minima, and range of motion have all been 

commonly used as key points for comparison (Wells, et al. 1999; Penko, Streicher, Dey, et al. 

2020), but these measurements neglect most of the waveform and can overlook significant 

differences found in other portions of the gait cycle (Moudy, Patterson, & Bugnariu, 2020).  

Attempting to perform many statistical tests throughout the waveform would require a 

Bonferroni type adjustment that would likely be too conservative when making hundreds of 

comparisons (Perneger, 1998). Additionally, biomechanical data is spatiotemporally smooth with 

each data point having some dependence on the point immediately before and after it and can be 

analyzed using SPM, an application of random field theory (Pataky, 2010). SPM was originally 

developed for analysis of cerebral blood flow (Friston, Holmes, Worsley, et al. 1995) and has 

since been extensively validated through thousands of studies that have cited Friston’s work. 

SPM considers the continuity of time series data and avoids data reduction and potential bias that 

can be introduced through discretization.  
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CHAPTER V 

RESULTS 

 

Section 1: Comparison of Pre-Treatment Range of Motion and Joint Angle Waveforms 

No significant differences were identified in mean baseline (pre-treatment) ROM 

between experimental groups at the hip (F(2,24) = 1.2, p = 0.318), knee (F(2,24) = 2.38, p = 

0.114), or ankle (F(2,24) = 2.82, p = 0.079). ROM values are displayed in Table 2. No 

significant differences were found in pre-treatment joint angle waveforms between groups at the 

hip, knee, or ankle joints (Figure 3). 

 

 

 

 

 

Section 2: Pre-Treatment vs. Post-Treatment ROM and Joint Angle Waveforms 

Comparison of pre-treatment and post-treatment joint ROM revealed a statistically 

significant increase in knee ROM following administration of the OMT-ND protocol (p=0.018) 

and OMT-WB protocol (p=0.032). No significant differences were found in ankle or hip ROM 

for OMT-ND or OMT-WB groups, and no significant differences were found within the SHAM 

Figure 3 – From left to right: Comparison of Pre-Treatment Sagittal Hip, Knee, and Ankle 
Angles Throughout the Gait Cycle Between OMT-WB, OMT-ND, and SHAM Groups.  
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group (Table 2). SPM found no significant differences at the hip, knee, or ankle joints when 

comparing pre-treatment and post-treatment joint angles throughout the gait cycle (Figures 4-6).  

 

 

 

 

 

 

 

 

 

Pre-Treatment Post-Treatment
Hip 30.8 +/- 4.5 33.4 +/- 5.3 0.117

Knee 52.0 +/- 6.4 55.0 +/- 8.1 0.018*
Ankle 24.1 +/- 4.7 25.4 +/- 6.7 0.256
Hip 29.2 +/- 9.6 31.6 +/- 8.1 0.114

Knee 45.9 +/- 8.5 49.0 +/- 7.5 0.032*
Ankle 20.3 +/- 3.1 22.1 +/- 4.5 0.134
Hip 33.4 +/- 7.3 33.2 +/- 8.8 0.757

Knee 56.9 +/- 8.3 59.2 +/- 8.4 0.196
Ankle 27.6 +/- 6.8 26.6 +/- 5.8 0.469

p-value

OMT-ND

OMT-WB

SHAM

ROM (degrees)
JOINT

Table 2- Mean and Standard Deviation Joint ROM Before and After OMT-ND, OMT-
WB, or Sham OMT Protocol 

*  p < 0.05 
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Figure 4 – SPM Analysis of Sagittal Hip Angle Pre vs. Post-Treatment Upper Row: Pre-
Treatment (black) and Post-Treatment (red) Sagittal Hip Angle Throughout the Gait Cycle. Lower 
Row: SPM t-Statistic Plotted by % Gait Cycle (Left to Right: OMT-WB, OMT-ND, SHAM).  
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Figure 5 – SPM Analysis of Sagittal Knee Angle Pre vs. Post-Treatment Upper Row: Pre-
Treatment (black) and Post-Treatment (red) Sagittal Knee Angle Throughout the Gait Cycle. 
Lower Row: SPM t-Statistic Plotted by % Gait Cycle (Left to Right: OMT-WB, OMT-ND, 
SHAM).  
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Figure 6 – SPM Analysis of Sagittal Ankle Angle Pre vs. Post-Treatment Upper Row: Pre-
Treatment (black) and Post-Treatment (red) Sagittal Ankle Angle Throughout the Gait Cycle. 
Lower Row: SPM t-Statistic Plotted by % Gait Cycle (Left to Right: OMT-WB, OMT-ND, 
SHAM).  
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Section 3: Comparison of Post-Treatment Joint Angle Waveforms 

 Waveform analysis of post-treatment joint angle waveforms was used to compare the 

effects of each experimental protocol because pre-treatment waveforms between groups were not 

significantly different (Figure 3).  No significant differences were found in post-treatment joint 

angle waveforms between experimental groups at the hip, knee, or ankle joints (Figure 7). 

 

 

 

 

 

Section 4: Difference in Pre- vs. Post-Treatment Joint Angles by Disease Progression 

 In the following section, pre-treatment joint angle waveforms were subtracted from post-

treatment joint angle waveforms, and an arbitrary ‘threshold’ was identified and applied to all 

three experimental groups (hip: |y| = 8°, knee: |y| = 10°, ankle: |y| = 5°, where ‘y’ = post-

treatment joint angle – pre-treatment joint angle at a given % gait cycle). Application of a 

threshold allows for the separation of participants based on the magnitude of gait pattern 

deviation in the post-treatment condition as compared to baseline measurements. The number of 

participants whose difference in pre- vs. post-treatment joint angle crossed the given threshold 

was counted and displayed in a bar graph. This allowed for further examination of individuals’ 

Figure 7 – From left to right: Comparison of Post-Treatment Sagittal Hip, Knee, and Ankle 
Angles Throughout the Gait Cycle Between OMT-WB, OMT-ND, and SHAM Groups.  
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change in gait based on disease progression as measured by the Hoehn & Yahr stages. The 

Hoehn & Yahr stages of individuals whose difference in joint angle deviated past the threshold 

were plotted on a box and whiskers plot alongside those whose did not. Results are shown in 

Figures 8-10. 

 

 

 

 

 

Figure 8 – Hoehn and Yahr Stage Distribution by Magnitude of Hip Angle Deviation Post-
Treatment Compared to Baseline (Left to Right: OMT-WB, OMT-ND, SHAM). Top Row: 
Difference Between Pre- and Post-Treatment Sagittal Hip Angle Plotted By % Gait Cycle. Middle 
Row: # of Participants Whose Gait Pattern Deviated by a Magnitude > (Red) or < (Black) 
Threshold. Bottom Row: Hoehn & Yahr Distribution of Participants by Gait Pattern Deviation (> 
threshold = red, < threshold = black) Following Treatment Protocol. 
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Figure 9 – Hoehn and Yahr Stage Distribution by Magnitude of Knee Angle Deviation Post-
Treatment Compared to Baseline (Left to Right: OMT-WB, OMT-ND, SHAM). Top Row: 
Difference Between Pre- and Post-Treatment Sagittal Knee Angle Plotted By % Gait Cycle. 
Middle Row: # of Participants Whose Gait Pattern Deviated by a Magnitude > (Red) or < (Black) 
Threshold. Bottom Row: Hoehn & Yahr Distribution of Participants by Gait Pattern Deviation (> 
threshold = red, < threshold = black) Following Treatment Protocol. 
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Figure 10 – Hoehn and Yahr Stage Distribution by Magnitude of Ankle Angle Deviation Post-
Treatment Compared to Baseline (Left to Right: OMT-WB, OMT-ND, SHAM). Top Row: 
Difference Between Pre- and Post-Treatment Sagittal Ankle Angle Plotted By % Gait Cycle. 
Middle Row: # of Participants Whose Gait Pattern Deviated by a Magnitude > (Red) or < (Black) 
Threshold. Bottom Row: Hoehn & Yahr Distribution of Participants by Gait Pattern Deviation (> 
threshold = red, < threshold = black) Following Treatment Protocol. 
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CHAPTER VI 

DISCUSSION 

 

In this study, the gait of individuals with PD was analyzed before and after the 

administration of an OMT protocol. First, pre-treatment joint ROM and pre-treatment joint angle 

waveforms were compared across experimental groups. No significant differences were found in 

this comparison. Next, pre- and post-treatment joint ROM and joint angle waveforms were 

compared within each group, and a statistically significant increase in sagittal knee ROM was 

found in OMT-WB and OMT-ND groups following treatment. No significant differences in pre- 

and post-treatment ROM at the hip or ankle, and no differences were found within the sham 

group. Waveform analysis revealed no significant differences at the hip, knee, or ankle following 

treatment. Post-treatment joint angle waveforms were then compared across experimental 

groups, and no significant differences were found.  

Comparison of pre-treatment mean ROM and joint angle waveforms between groups 

found that the baseline measurements of all three groups was not significantly different (Figure 

3). Our results addressed the first aim of this study, verifying the validity of the randomization of 

participants into separate groups by ensuring each group was representative of our sample.  

Our second aim sought to compare pre- vs. post-treatment ROM and joint angle 

waveforms to explore the effects of the OMT protocols on sagittal joint angle during the gait 

cycle. Our results found a statistically significant increase in sagittal knee ROM in the OMT-WB 

and OMT-ND groups following treatment. It is well documented that individuals with PD often 

experience decreased ROM at the hip, knee, and ankle compared to healthy controls (Morris, 

Iansek et al. 2005). However, it is possible that the knee suffers greater deficits due to PD as 
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compared to the hip and ankle and would benefit more from targeted treatment (Xu, Hunt et al. 

2018). The knee suffering the largest deficits in PD as measured by ROM is logical because the 

knee joint is responsible for moving through a greater ROM during normal gait compared to the 

hip and ankle. This may serve as an explanation for why a statistically significant increase in 

ROM was only found at the knee joint, and not at the hip or ankle, following OMT. Increasing 

sagittal knee ROM in individuals with PD may have important implications for decreasing 

potential fall risk by increasing step clearance during normal gait, especially when ambulating 

over uneven surfaces or avoiding obstacles (Xu, Hunt et al. 2018).  Lack of statistical differences 

in joint ROM pre vs. post treatment within the SHAM group strengthens the internal validity of 

the OMT-ND and OMT-WB protocols by controlling for potential placebo effects such as 

observation, therapeutic ritual, and a supportive patient-practitioner relationship (Kaptchuk, 

Kelley et al. 2008). 

To further address our second aim, pre- and post-treatment joint angles were compared 

throughout the entire gait cycle (Figures 4-6). Waveform analysis of pre- vs. post-treatment hip 

and knee angles revealed no significant differences. Similarly, no significant differences were 

found at the ankle joint; however, although waveform analysis of pre- vs. post-treatment ankle 

joint waveforms did not reach statistical significance, it should be noted that there seems to be a 

pattern of decreased plantarflexion during the terminal swing, heel strike, and loading phases of 

the gait cycle (~90%-15%), and increased dorsiflexion in the mid-terminal stance phase (15%-

50%) while max plantarflexion at toe-off is maintained in both OMT-WB and OMT-ND 

treatment groups following treatment. As previously stated, these differences were not 

significant in this study, but it is possible that OMT could be beneficial for restoring the 

functional ankle mobility that is lost in the early stages of PD. Indeed, it has been found that 
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ROM of the hip, knee, and ankle are diminished in early stages of PD (Hoehn and Yahr <2), 

especially in the mid to terminal stance phase (Albani, Cimolin et al. 2018; Vallabhajosula, 

Buckley et al. 2013). It is important to consider that the previously cited studies utilized a 

discrete analysis of gait events rather than waveform analysis, which could account for some of 

discrepancies in previous findings and our results.  

Our third aim sought to compare the effects of the OMT-WB, OMT-ND, and SHAM 

groups on joint angle waveforms. As previously mentioned, waveform analysis of pre-treatment 

waveforms between groups found no statistically significant difference, which allowed for a 

foundation on which the post-treatment joint angle waveforms could be analyzed to compare the 

effects of each treatment group. No significant differences were found in post-treatment joint 

angle waveforms between groups, indicating no significant difference in the effects of each 

treatment protocol (Figure 7). 

Further analysis of the difference between post- and pre-treatment joint angle waveforms 

was performed in Figures 8-10. When an arbitrary threshold was set and applied to all three 

groups, more participants in the OMT-WB reached the threshold of joint angle difference than 

did those in the OMT-ND or SHAM groups at all three joints. This suggests that perhaps an 

OMT-WB treatment protocol could cause a larger change in gait pattern than both the OMT-ND 

and SHAM protocols, although again, statistical comparison of post-treatment joint waveforms 

revealed no significant differences in the effect of each treatment protocol (Figure 7). Plotting of 

the distribution of the Hoehn & Yahr stages of those who surpassed the threshold vs. those who 

did not revealed no obvious patterns in the magnitude of joint angle change by disease 

progression, despite previous comparisons of discrete joint angles during gait cycle events 

revealing differences in gait disturbances compared to healthy controls between individuals with 
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PD of different stages (Albani, Cimolin et al. 2018). However, this study was limited in its 

sample size and performed no statistical comparisons between subgroups of differing disease 

progressions. 

Studies with larger sample sizes should examine differences in gait after OMT by disease 

progression, contributing to the knowledge that would be required for targeted treatment of gait 

disturbances based on PD stage in a clinical setting. Studies which incorporate a longitudinal 

analysis of gait after repeated treatment sessions would be helpful to identify changes in gait 

patterns which may have not reached statistical significance after a single treatment, and would 

also provide further insight into the effect of adding OCMM techniques as an adjunctive 

treatment option to improve the gait of individuals with PD. Lastly, adding more outcome 

measures such as joint angles in other planes of motion, and kinetic measures would provide a 

more comprehensive look at the effects of OMT and OCMM on Parkinsonian gait.  

 

Section 1: Limitations 

This project has several limitations, but the impact of these limitations was mitigated 

through our research design. Standardized OMT protocols were utilized despite traditional 

osteopathic treatment principals, which champion a thorough evaluation and personalized 

treatment to address identified somatic dysfunction, limiting the application of our findings to a 

clinical setting. However, standardization of the OMT protocol is important because it allows for 

meaningful comparisons within the treatment groups and contributes to reproducibility of our 

results. Unfamiliarity with the V-Gait CAREN treadmill or fit of the harness that was used could 

affect the gait of the participants, and familiarity with the treadmill or harness in the post-

treatment walking trial could potentially result in measurable gait differences when compared to 
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the pre-treatment trial. However, this limitation may be disregarded as waveform analysis found 

no significant differences in pre- and post-treatment joint angle waveforms. Lastly, to allow for 

administration of the OMT protocol, the reflective markers were removed and re-applied for the 

post-treatment gait analysis. Our analysis relied on accurate marker placement on each subject 

before and after treatment, and to mitigate the risk associated with removal and re-application of 

the markers, trained staff used key anatomical landmarks as marker placement references.  
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CHAPTER VII 

SUMMARY AND CONCLUSIONS 

 

 PD is a neurodegenerative disease that currently afflicts millions of people worldwide 

and is associated with dopaminergic neuron loss in the substantia nigra, a basal nucleus which 

plays an important role in motor control. Motor dysfunction in PD can manifest as gait 

disturbances such as bradykinesia, muscular rigidity and decreased joint ROM, increasing the 

risk falls and negatively affecting quality of life in this population (Dahodwala, Nwadiogbu et al. 

2017). OMT and OCMM may be viable adjunctive treatments for PD which would address the 

somatic dysfunction associated with neurodegeneration and muscular rigidity, and possibly 

increase blood flow to the diseased nervous tissue, decreasing fall risk and improving quality of 

life. This study aimed to, 1) compare baseline ROM and joint angle waveforms of the hip, knee 

and ankle joints in the sagittal plane; 2) explore effects of a single session of an OMT-ND and 

OMT-WB (OMT-ND + OCMM) protocol on the gait of adults with PD; and 3) compare the 

effects of an OMT-ND protocol with the effects of an OMT-WB protocol on the gait of adults 

with PD.  

This study demonstrated that, 1) baseline gait measurements following randomization 

were not significantly different between groups, validating the randomization of participants into 

experimental groups; 2) a single session of an OMT-ND and OMT-WB protocol increases 

sagittal knee ROM in the gait of adults with PD, but no significant differences were found in the 

joint angle waveforms following treatment in all three groups; and 3) comparison of post-

treatment joint angle waveforms between the three groups revealed no significant difference in 

the effects of the OMT-WB, OMT-ND, and SHAM protocols; however, when a threshold is 
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applied to the plots of the difference between post- and pre-treatment joint waveforms in all three 

groups, more participants’ joint angles meet the threshold in the OMT-WB than the OMT-ND 

and SHAM protocols. There is no obvious association with the magnitude of joint angle 

difference following treatment and Hoehn & Yahr stage.  

This study, while providing insufficient evidence to directly support OMT and OCMM as 

adjunctive treatments for treating Parkinsonian gait disturbances, provides valuable insight into 

potential effects of OMT on Parkinsonian gait and adds to the small but growing base of research 

surrounding the effects of OCMM on diseased populations. By continuing to evaluate the effects 

of treatments such as OMT and OCMM on Parkinsonian gait, we hope to eventually identify 

whether OMT can assist osteopathic physicians in slowing the progression of gait/motor 

dysfunction in adults with PD, decreasing the risk of falls and injury.  
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CHAPTER VIII 

INTERNSHIP EXPERIENCE 

 

This internship practicum was completed at the University of North Texas Health Science 

Center from the Summer of 2020 through the Spring of 2021 as a requirement for the degree of 

Master of Science in Medical Sciences – Research Track. All work was completed under my 

major professor, Dr. Rita M. Patterson, and members of my advisory committee Dr. Sarah 

Moudy and Dr. Kendi Hensel. A timeline was developed upon entry into the internship which 

was edited and updated throughout the year.  

During the Summer of 2020, I studied for the medical college admission test (MCAT), 

which I took on the 28th of June. I was enrolled in Gibson D. Lewis Library’s Introduction to 

Literature Searching Course, reviewed information pertaining to biomechanics and gait, PD, 

OMT, and OCMM, completed my primary and secondary applications for medical school, and 

began a review of relevant literature.  

As the Fall semester began, I completed my review of literature, composed the 

background section of my research proposal, and presented my research proposal in a short 

‘Lightning WIP’ presentation on the 28th of August. I was enrolled in PHAN 6150: Journal Club, 

and on the 11th of September I acted as a journal club discussion moderator on an article of my 

choosing. The first draft of my research proposal was submitted on the 15th of September, after 

which my research activities were suspended to complete the courses PHAN 5390: Head and 

Neck Anatomy, and PHAN 5630: Structural Neuroscience which took place between September 

14th and October 20th. Proposal edits were completed, and a second draft of my research proposal 

was submitted on October 27th. Later in the semester, on November 11th, I was able to moderate 
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a joint ENT interest group and anatomy journal club meeting over a research article that I had 

brought to the attention of the anatomy faculty. A final draft of my research proposal was 

submitted on November 20th, after which I learned how to use Visual3D, began data analysis, 

and interviewed for medical school.  

In the Spring of 2021, I was enrolled in PHAN 6100: Lab Teaching Practicum and helped 

teach graduate level anatomy in the gross anatomy lab throughout the semester. I completed data 

analysis, prepared for multiple medical school interviews, and formulated an abstract which was 

submitted for the 2021 American Academy of Osteopathy (AAO) Convocation and Research 

Appreciation Day (RAD). I presented my abstract to my lab members on February 3rd, and 

finished Visual3D data analysis shortly thereafter. On the 26th of February, I led a journal club 

meeting as a discussion moderator and continued working on the draft of my final internship 

practicum report. Results from my preliminary data analysis were formulated into a poster which 

I presented live at the AAO Convocation, and through a video recording at RAD on March 18th 

and 20th respectively. My poster won first place in the category of student original research at the 

AAO Convocation. This internship practicum report was submitted to my advisory committee on 

April 1st, with a public seminar and private defense taking place on April 8th.  

The challenges that the pandemic imposed this past year cannot be understated. In 

addition to the many challenges that our society faced as a whole, my introduction to the 

complex world of academic research was virtual and incredibly intimidating. However, I feel 

fortunate to have had incredible mentors and advisors that have not hesitated to help me along 

the way. I undoubtedly grew as a student and as a young professional during this practicum and I 

am excited to apply what I’ve learned in medical school and in my future career as a physician.  
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