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Abstract
Human motion analysis is a tool used to understand orthopaedic disabilities in children and to plan and monitor treatment strategies. It enables
clinicians to quantitatively describe rehabilitative progress, plan surgeries, and conduct research. While this technology is prevalent in major
academic medical centers, access is lacking in many regions throughout the world. This paper presents a novel approach to offer more accessible
technology at greatly reduced cost. Current applications are underway in the Philippines, Mexico, and Colombia. Through international
partnerships, improvements in clinical care, medical education, and research have been observed.
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Introduction
Motion analysis systems are designed to track and analyse human movement, and provide information to clinicians to improve
treatment planning and follow-up care (Harris & Smith, 1996). A typical laboratory system consists of reflective markers placed
on the patient’s anatomic landmarks, which are detected by cameras while the patient walks. Analysis of this gait data can show
motion of individual body joints, which can be readily compared with established normal patterns to identify the cause of mobility
abnormalities (Krzak et al., 2011). Patients with cerebral palsy and other disabilities are frequently assessed using motion analysis
to identify gait patterns, such as crouch gait, as well as specific deformities, such as planovalgus and equinovarus of the foot and
ankle.
Orthopaedic surgeons can use the results of a gait analysis session to better plan surgeries to improve patient mobility. The breadth
of data provided by this analysis allows the surgeon to plan single-event, multi-level surgeries to speed patient progress and reduce
the number of surgeries needed. Similarly, physical medicine and rehabilitation physicians can plan interventions based on a gait
analysis session, targeted to specific patient needs. Gait analysis also provides capacity for quantitative outcome assessment,
enabling physicians to track patient outcomes and improve the quality of interventions (Graf et al., 2009).
TheOrthopaedic andRehabilitationEngineeringCenter (OREC) atMarquetteUniversity has significant history in orthopaedic and
motion analysis research in the United States, including many local collaborations. This has led to several postdoctoral fellows,
students and colleagues identifying needs outside the U.S., specifically in international settings of need. Typical motion analysis
laboratory technologieswere far too expensive and complex for use in global health applications, and a strong interestwas observed
in reducing their cost and complexity. This paper describes the development of accessible technology and the formation of
international partnerships to impact clinical care, medical education, and research for children with orthopaedic disabilities.

Technology
Development History
Prior to this program, the high cost of motion analysis systems and associated technical complexity severely restricted implem-
entation and support. Only well-funded research clinics and institutions with substantial resources and staff were able to utilize
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Introduction 
Observable and quantifiable metrics of the upper 

extremities during wheelchair propulsion (WCP) affect 
efficiency and injury risk of manual wheelchair users 
(MWU).1-5 One study showed that propulsion patterns 
employed by experienced MWU resulted in lesser forces on 
their joints compared to inexperienced users. It was shown 
further that inexperienced MWU can learn those propulsion 
patterns over time, and they can achieve increased 
mechanical efficiency and decreased metabolic cost similar 
to experienced MWU.1 Determining which patterns are more 
efficient than others could be done by measurements 
obtained by motion analysis systems.2-6 Another study 
showed that these motion analysis systems can measure 
individual muscle contributions during wheelchair 
propulsion and can allow clinicians to determine which 
muscles are at an increased risk for injury due to overuse 
fatigue.7 Furthermore, objective measurements such as these 
may remove any bias which may over- or underestimate 
patients’ abilities during monitoring of their progress when 
undergoing rehabilitation. Another potential benefit of 
objectively measuring WCP with a set of discrete data could 
be motivation of the patient or athlete by providing them 
quantitative feedback of their progress during rehabilitation 
or during a training program.8 These objective and 
quantifiable determinants of efficiency and injury risk can be 
applied to improve the quality and safety of rehabilitation 
regimens and athletic training programs.  

In other countries, motion analysis systems are used 
routinely to assess patients. These systems however, entail 
having expensive facilities and instruments (the gold 
standard Vicon camera costs USD 25,000.00 each, compared 
to a Kinect® camera, costing USD 400.00 each). Also, most 
systems use markers placed on patients which can restrict 
motion or add discomfort.9 

To address these problems, studies have been 
conducted using Kinect® (Microsoft®, Washington, USA), a 
motion capture camera used for video games, to create 
markerless, inexpensive, accessible, and portable hardware. 
The use of this technology has been studied alongside 
kinematic evaluation of human movements.10-13 A validated 
motion analysis platform was developed to measure upper 
extremity and hand function of pediatric patients using a 
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ABSTRACT: This prospective study examined upper extremity (UE) assessment results in a 
pediatric community setting and evaluated whether significant kinematic (motion) and func-
tional changes would be observed after rehabilitative intervention. Children with physical 
impairments (n = 34) receiving 3 weeks of intensive therapy at a health camp completed pre-/
postintervention assessments. The assessments included both an UE motion analysis system 
and the Shriners Hospital for Children Upper Extremity Evaluation (SHUEE). Chart review 
provided demographic and health background information. Therapeutic intervention was doc-
umented and included descriptive functional assessments. Linear regression was used to ex-
amine changes after 3 weeks of intensive therapy. There were significant improvements in all 
three components of the SHUEE for the affected UE. Ranges of motion increased across eight 
of 10 tasks measured by motion analysis (p < 0.01). We conclude that intensive therapy in a 
community setting improves UE functional scores and increases ranges of motion in children 
with physical impairments.

KEY WORDS: Shriners Hospital for Children Upper Extremity Evaluation (SHUEE), mo-
tion analysis, pediatric health camp, intensive therapy

I. INTRODUCTION
In children and adolescents with upper extremity (UE) impairments, occupational and 
physical therapy promotes participation in self-care and leisure activities and improves 
quality of life.1,2 Outcomes assessment in pediatric rehabilitation programs is an area of 
strong interest in occupational therapy, physical therapy, and rehabilitative medicine.3–8 In 
contrast to goniometric examinations and radiographs for physiotherapeutic assessment, 
the Shriners Hospital for Children Upper Extremity Evaluation (SHUEE) is a video-taped, 
task-based tool with established reliability in measurement of typical activities of daily 
living (ADLs).9,10 In this study, the 16 tasks of the SHUEE were scored to generate three 
functional metrics for evaluation of: (1) spontaneous use of the impaired limb, (2) dynamic 
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INTRODUCTION 

Ostogenesis imperfecta (OI) is a rare, highly variable genetic disorder associated with 
significant impairments to mobility and independence.  Activity and weight bearing exercise are 
thought to be important to bone health, and patients with OI are known to have decreased daily 
activity compared to healthy controls [1].  Activity can be measured with activity trackers, such 
as the Fitbit One.  Using the Gillette Functional Assessment Questionnaire (FAQ), self-reported 
barriers to mobility include pain, weakness and walking ability and we examined how these 
correlated with gait and daily activity as well as the feasibility of using the Fitbit and gait 
analysis to measure function. 

 
CLINICAL SIGNIFICANCE 

The Gillette FAQ Walking Scale is highly indicative of daily activity of participants with 
OI, and self-reported weakness on the Gillette correlates with gait function in those with OI. The 
Fitbit is a novel way to track activity levels and mobility in OI. 

 
METHODS  

We evaluated 33 participants (age 13.7±15.6, 11 males and 22 females) with OI in a 
cross-sectional study.  Of the initial 33 patients (19 Type I/IV/V, 6 Type III, 8 unknown), 16 (12 
Type I/IV/V, 6 Type III) were independently ambulatory and were enrolled in the study.  
Participants answered the Gillette FAQ and then underwent gait analysis for assessment of 
kinematics, walking speed, stride length and cadence.  The first ten participants (8 Type I/IV/V, 
2 Type III) went home with Fitbit One activity trackers for one week to acquire daily step counts. 
  
RESULTS:  

We found that the daily step counts were typically below previously reported values for 
typically developing individuals, and step counts varied widely within each group (Table I). 
Participants with severe OI (type III) had decreased daily step counts compared to mild-to-
moderate OI (types I, IV, V), but our sample size was too low to determine statistical 
significance.  On motion analysis, the OI participants had decreased walking speed and cadence 
than historical controls. The Gillette FAQ had multiple measures that were predictive of 
participant Fitbit activity level and gait characteristics.  The Gillette Walking Scale score was 
highly predictive of Fitbit daily step counts (p=0.02).  Patient-reported weakness on the Gillette 
FAQ was predictive of decreased walking speed (p=0.022), and decreased cadence (p=0.016).  
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Introduction:  Ostogenesis imperfecta (OI) is a rare, highly variable genetic disorder associated with significant impairments to 
mobility and independence. There are eight known forms of OI, with Type III being severe and Types I, IV and V being 
moderate1, and most prior studies have grouped several types of OI together. Individuals with OI generally include independent 
ambulators with normal quality but reduced quality collagen production, resulting in average to slightly reduced 
stature, ligamentous laxity and muscle weakness1. Little 
is known about the difference in ambulatory 
characteristics between the different types of OI and how 
this presents in different geographic locations, but this 
may now be further elucidated due to the increased 
availability of genetic testing. 
 
Materials and Methods: We evaluated 33 participants 
(age 13.7±15.6, 11 males and 22 females) with OI from 
Manila, Philippines in a cross-sectional study. Of the 
initial 33 patients (19 Type I/IV/V, 6 Type III, 8 
unknown), 18 (16 Type I/IV/V, 2 Type III) were 
independently ambulatory and were enrolled in the study. 
Participants underwent gait analysis for assessment of 
walking speed, cadence and gait kinematics. 
  
Results and Discussion:  Participants with OI type III 
exhibited decreased walking speed and cadence than 
historically measured healthy patients2. Both OI groups 
exhibited increased peak anterior pelvic tilt, decreased 
peak hip extension and decreased peak ankle plantar flexion 
during third rocker compared to the control set (see Table 1 
and Figure 1). Only 33% of Type III OI patients were 
independently ambulatory compared to 84% of Type I/IV/V. There were no measured differences between the type III and type 
I/IV/V OI. The overall results were consistent with the prior study on OI in a North America2.  
 
Walking/Cadence OI III (N=2) 

Mean (std) 
OI I/IV/V (N=16) 
Mean (std) 

Healthy Controls (N=16)2 
Mean (std) 

Walking Speed 0.46 (0.35)** 0.71 (0.23) 1.2 (0.0) 
L steps/min 37.35 (18.23)** 111.14 (20.8) 122.9 (2.8) (combined) 
R steps/min 37.09 (17.8)** 108.92 (19.6) 122.9 (2.8) (combined) 
Kinematics OI III (N=2) 

Mean (std) 
OI I/IV/V (N=16) 
Mean (std) 

Healthy Controls (N=30)2 
Mean (std) 

Peak Pelvic Tilt  24.82 (3.55)** 19.46 (7.34)** 13.40 (4.23) 
Peak Hip Extension 11.74 (10.33)** 9.02 (15.48)** -5.93 (4.78) 
Peak Ankle Flexion (3rd rocker) -2.61 (12.39)* -.26 (13.55)* -20.05 (8.17) 
Table 1. Gait Kinematics between severe, mild-to-moderate OI and historically typically developing controls2. 
Comparison to typically developing controls **p<.001, *p<.01 There were no differences between OI type III and OI types 
I/IV/V among any of the measures. 
 
Conclusions: This is the first known study to differentiate gait kinematics based on the type of OI, and fewer participants with 
type III were independently ambulatory. Type III OI participants had decreased walking speed, and cadence and exhibited similar 
kinematic changes as OI Types I/IV/V.   
 
Acknowledgements: Support for this project was provided by NIDILRR Grant 90AR5022-01-00 
References: 1. Brizola, E., Ped Phys Therapy, 2014, 26-2:245-522.  
2. Graf, A. J. Ortho Research, 2009, 27-9:1182-1190   

F
ig

ur
e 

1:
 G

ai
t 

K
in

em
at

ic
s 

am
on

g 
di

ff
er

en
t 

gr
ou

ps
 

EVALUATION OF MANUAL WHEELCHAIR MOBILITY WITH MARKERLESS 
KINEMATICS AND SUBJECT-SPECIFIC MUSCULOSKELETAL MODELING 

 
Jacob R. Rammer1, Brooke A. Slavens3, Joseph J. Krzak2,4, Susan A. Riedel1,                      

and Gerald F. Harris1,2 

1 Marquette University, Milwaukee, WI, USA 
2 Shriners Hospitals for Children, Chicago, IL, USA 

3 University of Wisconsin-Milwaukee, Milwaukee, WI, USA 
4 Midwestern University, Downers Grove, IL, USA 

  E-mail: jacob.rammer@marquette.edu   Web: www.tech4pod.org 
 

INTRODUCTION 
Manual wheelchair use (MWU) requires a high level of energy and stresses the upper 
extremities (UE). Understanding the biomechanics of wheelchair mobility and musculoskeletal 
changes occurring over time with MWU can inform treatment programs and improve 
propulsion efficiency. Biomechanical analyses have identified four commonly observed 
kinematic patterns of propulsion: 1) semicircular (SC), 2) arcing (ARC), 3) single looping over 
propulsion (SLOP), and 4) double looping over propulsion (DLOP) [1]. Assessment of MWU 
allows inspection of propulsion kinematics and can include marker-based motion analysis and 
novel biomechanical approaches [2] as well as interactive musculoskeletal modeling. The 
purpose of the current study is to demonstrate the feasibility of using a new markerless 
approach to motion capture (Microsoft Kinect®) [3], combined with UE musculoskeletal 
models to expand kinematic and musculoskeletal analysis.  The overarching goal is to provide 
a low-cost yet accurate and portable system suitable for community and home application. 
 
CLINICAL SIGNIFICANCE 
Automated, markerless technology supports convenient and frequent assessment with directed 
training in conjunction with lab-based, high-precision methods. Rehabilitative therapy 
program responsiveness can be improved while minimizing cost and technological ‘overhead.’ 
 
METHODS 
Skeletal position is detected by two 
Kinect® 2.0 depth sensors positioned 
as in Fig. 1. Data is collected while the 
subject propels a wheelchair on a 
stationary roller system. Automated 
software includes cycle identification, 
OpenSim automation and scaling, 
joint and muscle kinematic analysis, 
and spatiotemporal analysis. OpenSim 
UE models are modified for use with 
markerless analysis based on an 
available UE kinematic model [4]. 
The key clinical outputs for this evaluation include 3D UE joint kinematics and descriptive 
statistics, muscle lengths, spatial representations of propulsion patterns, and spatiotemporal 
parameters including cadence, speed, contact angle, and proportion of propulsion to recovery. 

Figure 1: Wheelchair Mobility Evaluation System 
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ABSTRACT 

Background: It is essential to perform objective evaluation of amputees who are prosthesis users to provide optimal rehabilitative care including 
health status and quality of life. Temporospatial parameters of quantitative gait analysis are useful in prosthetic functional evaluation. The 
Prosthesis Evaluation Questionnaire (PEQ) assesses prosthetic function, user’s health status and quality of life. This case presents a novel 
approach in patient assessment using motion analysis. Objective: The objective was to establish temporospatial parameters of gait in a unilateral 
transtibial amputee walking with low-cost exoskeletal prosthesis using Optitrack motion capture system. Case Description: The patient is a 54-
year-old male, diabetic who underwent unilateral transtibial amputation in September 2013 and started using his polyvinyl chloride (PVC) type 
exoskeletal prosthesis in February 2014. He was evaluated at the Philippine General Hospital in November 2014. His right residual limb was 
medium in length, cylindrical, with no tenderness or skin breakdown. His right hip and knee joints showed normal range of motion and with good 
muscular strength. The left lower extremity was essentially normal. He was ambulatory without gait aid. The patient’s temporospatial gait 
parameters using the Optitrack motion capture system were obtained and were compared with values for normal individuals and for an endoskeletal 
prosthesis user. His walking speed of 0.68 meters/second was 25% slower compared to endoskeletal prosthesis user and 50% slower than normal 
individual. His cadence was 104.98 meters/minute, 28% faster than that of endoskeletal prosthesis user and 4% slower than normal individual. He 
had an average stride length of 0.82 meters and a step length of 0.45 meters at the right prosthetic extremity; both parameters were shorter than 
that of endoskeletal prosthesis user and normal individuals. On PEQ, low scores (50 - 70) were given on the ability to ambulate using his prosthesis 
on climbing up and down steep hill, descending stairs and walking on slippery surfaces.  Highest average score of 100 was given in the sound, 
residual limb health, frustration and well being domain while the lowest average score of 57 was given to perceived response. Discussion: 
Compared to endoskeletal prosthesis user and normal individuals, the patient using an exoskeletal prosthesis walked slower in terms of walking 
speed and had shorter stride length and step length. To compensate, his cadence was increased compared with endokeletal prosthesis users. The 
Optitrack motion capture system documented the patient’s gait parameters that can be used to track progress in rehabilitation. Based on the PEQ 
scores, the patient gave the lowest score on the perceived response domain. Low scores were also given on the ambulation domains which was 
attributed to the lack of prosthetic rehabilitation training. High scores in sound, residual limb health and comfort when using prosthesis contributed to 
the positive quality of life and overall satisfaction of the patient with his exoskeletal prosthesis. 
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ABSTRACT 
Background: This research aims to introduce a novel markerless motion analysis system to determine upper extremity temporospatial parameters 
and kinematics involved during wheelchair propulsion. These could be the basis for, but not limited to, evaluating injury risks, monitoring progress of 
rehabilitation and training programs of wheelchair users, and identifying determinants of efficiency of wheelchair propulsion. This marker-less 
system is the first of its kind, and the values obtained could also serve as a benchmark for values of Filipino wheelchair users since the population 
for this study are seasoned wheelchair users and are a homogenous group. Objectives: This study aims to determine the upper extremity 
temporospatial parameters and kinematics of adult male Paralympians during independent wheelchair using a markerless wheelchair ergometer 
roller system. Methodology: Study design and population: This will be a cross-sectional study. The temporospatial parameters and kinematics of 
upper extremity motion during independent wheelchair propulsion of 20 Paralympians shall be determined using a novel, low-cost markerless 
motion analysis system. Data collection: Data collection will take place for 6 months.  Voluntary, written, informed consent will be obtained from all 
participants prior to data collection.  Each participant shall propel themselves on a wheelchair ergometer system while their upper extremity motion 
is being recorded by two Kinect® cameras which are connected to two personal computers. A software called Open Sim shall automatically 
generate their temporospatial parameters and kinematics.   Data Management and Analysis: Descriptive (i.e., means, medians, modes, ranges) 
statistics shall be performed. 
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ABSTRACT 
Inroduction: Stroke affects many aspects of life, including cognition, communication, performance of activities of daily living, mobility, and gait. 
During rehabilitation, patients usually aim to regain the ability to walk. Hemiplegic gait is described as slow, with uncoordinated limb movements, 
and require more effort. To improve the gait an ankle foot orthosis (AFO) can be prescribed to the patient. Footwear is a key component influencing 
the biomechanical effect of the AFO, which further improves the gait pattern. Objective: This study aims to determine the effect of footwear 
combination on gait among patients with post-stroke hemiparesis wearing solid AFO seen at the Philippine General Hospital Rehabilitation Medicine 
Out-patient Department using a study design. Setting: Motion Analysis Program of the Department of Orthopedics, UP PGH. Participants: 40 to 70 
year old patients, at least 6 months after the onset of first stroke, with hemiparesis, ambulating independently, wearing solid AFO for at least 3 
months. Intervention: Footwear combination with a stiffrocker sole profile and negative heel design. Main Outcome Measurements: The step 
length, stride length, speed, and velocity as measured by Optitrack System for 3-D kinematic analysis and distance covered in the 6-minute walk 
test. Data Analysis: Paired t-test, means, standard deviation and descriptive analysis will be used to analyze the data. 
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ABSTRACT 

 
Introduction: There are 4 types of wheelchair propulsion documented. Each propulsion type reflects varying cardiovascular response and level of 
exertion in novice users. Objective: This study is aimed to distinguish cardiovascular patterns and rate of perceived exertion changes among 
manual wheelchair users by using different stroke patterns on wheelchair propulsion. Methodology: A crossover, quasi-experimental design was 
used in this study. The cardiovascular response of wheelchair users was analyzed during propulsion of wheelchair. Participants were males aged 
18 - 35 years old, manual wheelchair users for less than a year, without or with controlled comorbidities, who had a spinal cord injury but with stable 
spine. Propulsion patterns were detected by use of Microsoft Kinect®. Cardiovascular parameters were measured before and after the propulsion. 
Results: Mean difference of heart rate, systolic and diastolic blood pressures between pre- and post-propulsion was significantly elevated during 
the double looping over propulsion (DLOP) (p <0.01). Most exertion was observed during DLOP based on Borg scale, least during semicircular (SC) 
propulsion pattern. Conclusion: Semicircular propulsion should be initially instructed to patients with new onset spinal cord injury, especially in 
those with unstable comorbidity. Novice wheelchair users must also be advised regarding effects of DLOP pattern if observed. 
 

 
 
 
 
 
 
 
 
 

 
    
 

 
 

Rhythmic Auditory Stimulation versus Functional Mobility Training in  
Gait Rehabilitation in Out-patient Post-stroke Patients 

 
Rodolfo T. Estrellado, Jr MD, Cynthia D. Ang-Muñoz MD, 

Joycie Eulah H. Abiera MD, Carlo Emmanuel J. Sumpaico MD 
 

ABSTRACT 
Stroke   is   defined   as   a   non-traumatic   brain   injury   caused   by   an occlusion or rupture of cerebral blood vessels that would manifest with 
motor control deficit, altered sensation, cognitive and language problems, and in worst cases, coma and death. Rehabilitation of post-stroke patients 
involves a multidisciplinary approach that focuses on the impairments that the patient incurred post-stroke. Mobility after stroke is one of the primary 
reasons for consult at the Out-Patient Clinic of the Department of Rehabilitation Medicine, Philippine General Hospital. A relatively new concept in 
the rehabilitation of post-stroke patients is neurologic music therapy, part of this is the rhythmic auditory stimulation (RAS) which facilitates 
rehabilitation of movements that are intrinsically biologically rhythmical. This study aims to determine if there is a difference in outcome in gait 
among outpatient post-stroke patients at the University  of  the  Philippines –  Philippine  General  Hospital  using  rhythmic auditory stimulation 
versus functional mobility training in terms of cadence, velocity and stride length as measured by Optitrack System for 3-D kinematic analysis and  
endurance as measured by  the  6  minute  walk  test  using a randomized, single  blind, controlled  trial design. The  mann-whitney, t-test, paired t-
test, means, standard deviation and descriptive analysis will be used to analyze the data. 
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ABSTRACT 

Background: Congenital anomalies, including limb deficiency, affect approximately 7.9 million newborns annually. Fitting the prosthesis at an early 
stage will aid the patient to achieve two-legged standing, to develop reciprocating gait and to provide a normal appearance. A 64 year old female 
diagnosed with transverse tibia partial, fibula partial, tarsus total, metatarsus total, phalanges total, right, using a customized shoe was admitted for 
prosthetic management at the Philippine General Hospital Department of Rehabilitation Medicine Amputee Ward. Method: Patient underwent 
inpatient prosthetic training with physical and occupational therapy. Psychological evaluation was done to assess for depression and anxiety and to 
determine the patient’s response to the prosthesis. The Prosthesis Evaluation Questionnaire (PEQ) was administered to determine the response of 
the patient towards the customized shoe and the prosthesis. 3D motion analysis was also done with and without the prosthesis. Outcomes: The 
patient had generally positive response towards her prosthesis based on PEQ. It was noted on the psychological evaluation that the patient had 
improved general outlook after the procurement of the prosthesis. Changes in the gait pattern were also noted. Conclusion: Early fitting and 
fabrication of prosthesis is usually recommended for the patient with congenital amputation. Studies showed that delayed fitting of prosthesis may 
decrease acceptance and use of prosthesis. However, procurement of properly fit prosthesis may still improve the quality of life of the patient who is 
already functionally independent without it. More than increase in physical activity, participation in leisurely activities that promote social interaction 
motivates elderly patients to use their prosthesis more often. 
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ABSTRACT 
Acupuncture has been used as medical intervention in traditional medicine for many years. Several uses have been documented including 
cardiopulmonary conditions, gastrointestinal ailments, pain and spasticity by stimulating nerve fibers, release of opiods and oxytocin, as well as beta 
endorphins. It has also been observed clinically and experimentally to stimulate the hypothalamus hence producing systemic effects. Acupuncture is 
currently being used for treatment of spasticity and pain for cerebral palsy (CP) patient with improvement in gait and joint range of motion. One of 
the interventions to measure the improvement of gait is through video gait analysis, which measures kinetic and kinematic parameters to quantify 
improvement on patient’s ambulation. This study aims to quantify the change on the patient’s gait and decrease in spasticity of lower extremities 
with the use of acupuncture for 2 months, 3 times a week on selected point for all extremities including the scalp. Pre- and post-intervention gait 
analysis was done using the Motion Analysis Program of the Department of Orthopedics Philippine General Hospital. Results were interpreted 
immediately after. Results show improvements comparing pre- and post- intervention gait analysis based on kinematics and temporal parameters. 
There was also noted improvement in spasticity and range of motion particularly of the ankle after completing the intervention. Having recorded all 
these changes, we therefore conclude that acupuncture lone is beneficial for treatment of spasticity and is recommended for treatment of patients 
with similar condition. 
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ABSTRACT 

Physical inactivity is a principal cause for the prevalence of non-communicable diseases. To achieve the health benefits of exercise, it is 
recommended to exercise at an intensity of 55%-90% of maximum heart rate or 40%-85% maximum heart rate reserve. The Philippine Biomedical 
Device Innovation Consortium developed the “HeartSmart”, a fully automated work out system that effectively brings the user’s exercise intensity 
within the target-training zone. The objective was to determine whether the “HeartSmart” can achieve and maintain the target exercise intensity 
during a cardiovascular training program. The participant is a healthy 23 year-old male with no concomitant illness. During the exercise, the 
participant’s oxygen saturation, blood pressure and respiratory rate were within the normal range. The participant achieved the computed target 
exercise intensity and finished the whole exercise regimen without any adverse event. The HeartSmart was able to automatically adjust the exercise 
intensity based on the heart rate and the rating of perceived exertion of the participant. The HeartSmart is easy to operate and provides a live 
feedback for both the healthcare professional and the participant. It is recommended that the HeartSmart be tested in a larger sample of healthy 
adults to determine its safety and efficacy. The addition of a cadence meter, an automated monitor for blood pressure, respiratory rate and oxygen 
saturation is also recommended in the future especially if it will be used for cardiac rehabilitation. 
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ABSTRACT 

Modern concepts of motor relearning now support task-specific repetitive training.  Among patients with hemiplegic gait patterns, one 
common problem is the presence of foot drop. To minimize the effect of foot drop, passive and active assistive devices have been 
developed, with literature showing insole pressure sensors to be the most convenient and accurate for users. Combining the use of 
insole pressure sensors with a system that provides real-time sensory feedback to the user of the shoe shows potential in gait 
retraining. In the review of literature, only one form of sensory feedback is used. Furthermore, there are no local studies yet using such 
a device.This study features a locally-developed shoe with insole sensors that provides simultaneous real-time auditory feedback to the 
user and visual feedback to the observer. The purpose of this study is to determine if the device measures what it intends to measure, 
hence, it is first applied on a normal participant. Outcome measures showed that even with StepGear on, the device did not interfere 
with walking, as evidenced by normal temporal and stride parameters joint kinematics and kinetics during three-dimensional gait 
analysis. The device was shown to be working, as shown by no time differences between heel strike/toe off, their respective 
corresponding sounds and the flashing of the red/green lights on two-dimensional video analysis. Further testing on normal participants 
is recommended before proceeding to participants with gait abnormalities. 

 
 
 
 
 
 
 
 

ARRT TRAINING
• Orthopaedic Surgery, PM&R, 

and Engineering Fellows
• Didactic Opportunities
• Optional International 

Rotations in Outreach Labs
• Includes Pediatric-to-Adult 

Transition

EDUCATIONAL AND RESEARCH 
THEMATIC AREAS
• Clubfoot
• Equinovarus
• Planovalgus
• Osteogenesis Imperfecta
• Prosthetics and Orthotics
• Adaptive Sports and Recreation
• Wheelchair Propulsion Biomechanics
• Postural Stability
• Cerebral Palsy
• Rehabilitation
• Amputation
• Community Mobility Assessment
• Pharmacology
• Stroke
• Spinal Cord Injury

MEDICAL RESIDENT TRAINING
• Orthopaedic Surgery
• Physical Medicine and 

Rehabilitation
• Residents rotate in the gait lab 

– system used for clinical care, 
research, and training

• Individual projects
• Case studies
• Abstracts, short papers
• Peer-reviewed manuscripts

MENTORED  
RESEARCH  
AREAS
3 OPTIONS

DIDACTICS
6 AREAS

COLLEGIAL AND  
COLLABORATIVE ACTIVITIES
7 ACTIVITIES

CAPSTONE:
EXTRAMURAL 

PROPOSAL 
SUBMISSIONS

•TRAINING SITE

•OUTREACH PROJECT

•POTENTIAL OPPORTUNITY

PHASES OF OUTREACH LABORATORY TECHNICAL IMPLEMENTATION

PHASE I:
KINEMATICS SOFTWARE  
TRAINING

PHASE II:
KINETICS

PHASE III:
ELECTROMYOGRAPHY (EMG)

PHASE IV:
WHEELCHAIR ASSESSMENT
DATABASE RESEARCH
SYSTEM UPGRADE

PHASE V:
FUNDING PARTNERSHIPS
CLINICAL RESEARCH
ARRT FELLOWS
SUSTAINABILITY

•

•

••
•

• •

•

•

TECHNICAL TRAINING SITE
Orthopaedic and Rehabilitation Engineering Center, 
Marquette University & Medical College of Wisconsin
Milwaukee, WI, USA
• Equipment Configuration, tech support, on-site training
• Collaborative development & research hub

OUTREACH PROJECT
Bay Cliff Health Camp

Big Bay, MI
Conducted 2015–2016

POTENTIAL OPPORTUNITY
Shriners Hospital for Children

Honolulu, HI, USA

CLINICAL TRAINING SITE
Shriners Hospital for Children
Chicago, IL, USA

GAIT ANALYSIS COURSE
Gillette Children’s Specialty 

Healthcare
Saint Paul, MN, USA

OUTREACH LABORATORY
Shriners Hospital for Children

Mexico City, Mexico
Established 2016

OUTREACH LABORATORY
Fundacion Clinica Infantil  

Club Noel
Colombia National Sports Institute

Autonoma University
Cali, Colombia

Established 2012

POTENTIAL OPPORTUNITY
Buenos Aires, Argentina

POTENTIAL OPPORTUNITY
Kampala, Uganda

POTENTIAL TRAINING SITE
San Juan, Puerto Rico

POTENTIAL OPPORTUNITY
All-India Institute of  

Medical Sciences (AIIMS)
New Delhi, India

POTENTIAL OPPORTUNITY
Kathmandu, Nepal

POTENTIAL OPPORTUNITY
North Korea

OUTREACH LABORATORY
University of the Philippines-
Philippine General Hospital

Manila, Philippines
Established 2014

INTEGRATED MOTION 
LAB DATABASE 
& FUNCTIONAL 

ASSESSMENT TOOLS

WHEELCHAIR PROPULSION 
ASSESSMENT MILWAUKEE FOOT MODEL

POSTURAL STABILITY 
ASSESSMENT

FOR MORE INFORMATION 
Gerald F. Harris, PhD, PE 
gerald.harris@marqeutte.edu or  
Jacob Rammer, PhD 
jacob.rammer@marquette.edu

•

• •

•

•

POTENTIAL OPPORTUNITY
Mumbai, India

•

INTRODUCTION 
TO GAIT FOR 
PARTICIPANTS

•

POTENTIAL TRAINING SITE
Murdoch Children’s Research Institute 

Melboure, Australia

Members
David M Apel, MD 
Mark A Barry, MD 
Robert M Bernstein, MD 
Karen Bovid, MD 
Jaysson Brooks, MD 
Leah Cobb, MD 
Joseph Davey, MD 
Jose Fernando De La Garza, MD 
Damon DelBello, MD 
Corey Gill, MD 
Dorothy Harris, MD 
Gerald F Harris, PHD, PE
Michael Heffernan, MD 

Michael Patrick Horan, MD 
Scott H Kozin, MD 
Victoria Kuester, MD 
Thomas Roy Lewis, MD 
Kevin J Little, MD 
Xuemin Lu, MD,PhD 
Xuemin Lu, MD,PhD 
Kathleen A McHale, MD 
Elizabeth A Pickvance, MD 
Gregory A Schmale, MD 
Brian A Shaw, MD 
Yehia Tarraf, MD 
David E Westberry, MD 

*POSNA COUR COMMITTEE
Leadership
Michael T Hresko, MD  
Health Care Delivery Council Chair
Eric Fornari, MD  
COUR Chair
Coleen S Sabatini, MD, MPH  
Past COUR Chair
Stephen A Albanese, MD  
Ex-Officio
Klane K White, MD  
Ex-Officio

POSNA POSTER 2018.indd   1 11/15/18   9:43 AM


