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Abstract: 
 
 

Identifying fall risk requires examination of many variables, and falls are often a result of 
an interaction between multiple risk factors.(1-3) The fall rate among community-dwelling 
amputees has been reported at 52.4%.(4) The Timed-Up-and-Go (TUG) test is a performance-
based outcome measure used to assess fall risk. Difficulties in performing the TUG test have 
been associated with mobility limitations, and increased risk for falls and injurious falls. (5-8) The 
Centers for Disease Control and Prevention (CDC) classifies persons at increased risk for falls if 
they require more than 12 seconds (s) to perform the TUG. However, recent literature disputes 
the TUG’s ability to predict fall risk when administered in the standard form.(9, 10) Our research 
team has developed a method for assessing and determining fall risk in the amputee population 
by recording fall history, and administering an innovative TUG test called the component TUG or 
cTUG. In our recent pilot study, 31% of community-ambulating amputees performed the cTUG 
slower than 12s, placing them at an increased risk for falls. For the proposed study, we will recruit 
60 community-ambulating individuals with unilateral lower limb amputation (LLA) to participate in 
assessment of functional mobility and fall risk, using the cTUG. 
 
 



 
Specific aims: 

Aim 1: To identify the personal factors of people with unilateral LLA who are at an 
increased risk for falls.  
Aim 2: To determine if the cTUG can discriminate between people with unilateral LLA 
who are at an increased risk for falls and those who are not.  

 
Background: 

A fall is defined as “unintentionally coming to rest on the ground or another surface.”(11) 
People living with a lower limb amputation are at an increased risk for falls(4)  and those having 
undergone amputation due to vascular reasons are 10 times more likely to experience a fall-
related injury.(12) The TUG test is a performance based outcome measure used to assess fall 
risk in multiple populations and has been utilized in previous studies to assess fall risk for those 
with LLA. (7) Performance of the TUG requires a person to stand up from a standard height 
armchair, walk 3 meters, turn around, walk back to the chair, and sit down. The total time (s) to 
complete the test is used to assess test performance.  However, it has recently been 
demonstrated in the literature that using only the total TUG test time may not be as strong a fall 
risk assessment tool as once believed.(9, 10) Analyzing the component sub-tasks of the TUG: 1) 
sit to stand, 2) walking, 3) 180° turn, 4) turn to sit, and 5) stand to sit transition, may provide 
greater insight into determining mobility and fall risk in the LLA population. This modified version 
of the TUG test has been termed the component TUG (cTUG). The cTUG has the ability to provide 
not only a total time of test performance but also five sub-task component times. At this time, the 
use of the cTUG has not been established for clinical fall risk assessment in the LLA population. 

A pilot study performed by this research team included 52 community ambulating, 
unilateral lower limb amputees; 23 at the transtibial (TTA) level and 29 at the transfemoral (TFA) 
level. The mean ± standard deviation (SD) age of the TTA sample population was 52.4± 12.1 
years, with a mean time since amputation of 4.8 years. The mean age of the TFA cohort was 
49.5±14.8 years, with a mean time since amputation of 13.4 years. All subjects performed the 
cTUG test twice in both directions, turning toward and away from their prosthetic side, at a self-
selected speed. Total time to perform the cTUG test as well as all five component times were 
recorded with a mobile iPad application. Individuals with TTA and TFA performed the cTUG test 
in 10.64±3.50 s and 11.60±2.80 s, respectively. These resulting cTUG times are faster than mean 
TUG performance times previously reported in the literature for individuals with LLA.(7, 13, 14) 
Yet, 31% of the sample was at increased risk for falls, in accordance with CDC standards. There 
were no differences in performance time with regard to the direction of the turn in either cohort 
when the total time score was considered. Interestingly, it was found that the TFA group 
performed the 180° turn component significantly faster toward the sound limb verses toward the 
prosthetic limb (p<.01). This result demonstrates the deficiencies of the standard TUG in its ability 
to effectively identify deficits in mobility and its potential in distinguishing possible fall risk 
variables.  

The proposed study would utilize the cTUG to identify specific mobility limitations and 
assist with determining those at increased fall risk in a cross-section of individuals with LLA.  Using 
mobile technology to assist with administration and interpretation of cTUG results improves 
clinician evaluation efficiency and identification of mobility limitations, thus allowing for targeted 
prosthetic and rehabilitation interventions to optimize patient outcomes and quality of life. 
 
Research Plan 
Subject Recruitment 
Sixty subjects will unilateral lower limb loss (30 transfemoral/knee disarticulation, and 30 
transtibial) will be recruited to participate in this study. A priori power analysis was performed 
using G*Power 3.1 to determine sample size.(15) At an effect size of 0.7 and a power of 0.8, 56 



individuals were recommended for recruitment.  We included an additional four subjects for 
recruitment to account for attrition.  Inclusion criteria for study participation are as follows: between 
18-80 years old, greater than 12 months post amputation surgery, currently fitted with a 
comfortable socket for at least 3 months, ability to walk 30 feet unassisted with no more than a 
single standard cane for support. Exclusion criteria for study participation are as follows: requiring 
either a walker or wheelchair for ambulation, history of significant injury to sound limb (fracture, 
skin graft, and digit amputation), abnormal muscle tone, cognitive impairment.  
 
Outcome Measures 
Personal factors 
All data collection for personal factors and self-report and performance-based outcome measures 
will be completed on an iPAD with a custom mobile application. Personal factors, as defined in 
International Classification of Functioning, Disability and Health (ICF) language, are the 
contextual factors that impact how an individual may experience disability. Based on literature, 
the personal factors of interest for persons with lower limb loss include: gender, race, age, cause 
of amputation, residual limb length, time since amputation, household income, health (co-
morbidity), balance confidence, and fall history. 
 
Table 1: Personal factor variables that will be captured during data collection.  
 

Personal Factor Level of Measurement (unit) 
Gender Nominal 
Race Nominal/Ordinal 
Age Ratio (years) 
Cause of Amputation Ratio (years) 
Residual limb length Ratio (centimeters) 
Time since amputation Ratio (years) 
Household income Ordinal (range category) 
Health Ratio (score) 
Balance Confidence Ratio (percentage) 
Fall history Nominal (positive or negative) 

 
UCharelson Co-Morbidity IndexU: The Charelson Co-Morbidity Index is a validated measure of 
health and mortality that is composed of a minor and major co-morbidity subscale. Based on 
yes/no answers for each question, a total score is generated with higher scores indicating multiple 
health co-morbidities.  
UActivities-Specific Balance Confidence Scale (ABC): UThe Activities-Specific Balance Confidence 
Scale (ABC) is a 16 item self-report questionnaire that generates a percentage score of balance 
confidence when performing different activities in for those with LLA.  
Higher percentages indicate greater self-perceived balance confidence.   
UFall History:U Fall history will be recorded using self-report recall of falls over the past 12 months. 
A subject will be categorized as “increased fall risk” if they have experienced 2 or more falls in the 
last 12 months or sustained an injury from one fall.  
UThe Component Timed-Up-and-Go-Test (cTUG):U Subjects start in a seated position and upon 
“go” will stand up from a chair, walk 3 meters, turn around a cone, walk back, and sit in the chair. 
We will assess their mobility at two speeds: 1) self-selected speed asking the subjects to perform 
the cTUG at their “normal, comfortable pace,” and 2) fast speed asking the subjects to perform 
the cTUG as “quickly and safely as possible.” Data collected will include video, total TUG time, 
and time intervals of the five component subtasks. 
 



Data Analysis 
Aim 1: To identify personal factors of people with unilateral LLA who are at an increased 
risk for falls.  

Based on the CDC recommended TUG test cut-off time of 12 s, subjects will be divided 
into two groups: 1) “decreased fall risk” are those who perform the cTUG in < 12 s and 2) 
“increased fall risk” are those who perform cTUG in > 12 s. Descriptive statistical analysis of the 
personal factors (Table 1) will be performed to determine which characteristics can differentiate 
the fall risk groups. Chi-square analysis, Mann Whitney U test, and independent t-test will be used 
to compare the two groups.   
Aim 2: To determine if the cTUG can discriminate between people with unilateral LLA who 
are at an increased risk for falls and those who are not. 

Independent t-test will be utilized to determine differences in the component subtask times 
for those who are at risk for falls and those who are not.  
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BUDGET  

Budget Category Budget Item Amount Justification 
Personnel:  
 PhD Student 

(Research Physical 
Therapists) (2) 

$7,500 Research physical therapists 
(PhD Students) are required to 
aide in recruiting potential 
subjects from regional areas. 
They will also be required to 
consent subjects, determine 
medical eligibility to participate, 
administer testing protocol, 
Provide patient safety while 
administering the TUG, and 
perform initial data cleaning. In 
addition, the Research Physical 
Therapist (PhD Student) be 
responsible for interfacing with 
the computer programmer to 
develop the mobile application 
design and address any data 
management or data collection 
issues that arise during beta 
testing. 

 Computer 
Programmer 

$2,551 A computer programmer will be 
required to develop a custom 
mobile application, secure data, 
and provide technical support for 
issues that may arise. 

 Personnel Total $12,500  
Supplies:  
 Supplies  $4,949 A standard height chair with arm 

rests is required for the primary 
outcome measure (TUG), Velcro 
strap, floor tape, cones, etc.  2 
iPad Airs and 1 iPad Tripod 

 Other Expenses  Provide lunch for research 
participants in study 

 Supplies Total $4,949  
 Total costs for 1 Year  $15,000  
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Project: 07/01/16 – 06/30/17 
Annual Direct Costs $15,0000 
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Summer)   0.60 
calendar months 
(devoted to the project; 
however will not be 
supported since Co-PI 
on AOPA) 

 
AGRAWAL, V 
UACTIVE 
Ossur Corporation (Agrawal)   3/01/2012 – 08/31/2015   3.36 calendar months 
Ossur Corporation     $1,295,000  
Efficacy of bionic prosthetic components and multimodal feedback in minimizing gait deviations of 
unilateral lower limb amputees during functional activities 
The major goals of the project  
 
UOVERLAP 
 There is no overlap  
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A. Personal Statement 

I am well suited to be the Principal Investigator on the American Orthotic and Prosthetic Association 2016 
Pilot Grant Proposal titled: “Utilizing the Component Timed-Up-and-Go Test for Fall Risk Detection in People 
with Unilateral Lower Limb Loss. I have been working at the Miami Veterans Affairs Healthcare System 
(MVAHS) as a Research Physical Therapist with Veterans and Active Duty Service Members with lower limb 
amputation and have been an Assistant Professor with Department of Physical Therapy at the University of 
Miami, Miller School of Medicine for the last 3 years. My experience has spanned the entire research 
continuum of outcome measure development and amputee rehabilitation. I have expertise in the development 
and psychometric testing of performance-based and self-report outcome measures for individuals with lower 
limb amputation. My dissertation work focused on the development and dissemination of a performance-
based outcome measure of high-level mobility for Service Members and Veterans with traumatic lower limb 
loss, called the Comprehensive High-level Activity Mobility Predictor (CHAMP). I helped develop a modified 
version of the Amputee Mobility Predictor (AMP) for individuals with bilateral transfemoral amputation called 
the BAMP and established reference range Six-Minute Walk Test performance in amputee and non-amputee 
Service Members.  The development of the CHAMP, which was funded by the Military Amputee Research 
Program (MARP) and the Telemedicine & Advanced Technology Research Center (TATRC), BAMP, and Six 
Minute Walk Test reference ranges culminated in a Single Topic Issue publication in the Journal of 
Rehabilitation Research and Development (November 2013).  I have extensive experience conducting mobile 
research (outside of the Miami VA research laboratory) at the following sites: Amputee Coalition conferences 
in different cities, Department of Defense (DoD) facilities at Walter Reed National Military Medical Center 
(WRNMMC), Center for the Intrepid at Brooke Army Medical Center, and Womack Army Medical Center in 
Fort Bragg and University of Miami, Department of Physical Therapy,.  Over the last 5 years, I have partnered 
with the National Institute of Child Health and Human Development (NICHD) funded project titled, “A Client-
Based Outcome System for Individuals with Lower Limb Amputation.”  This effort has culminated in 
development of the Prosthetic Limb Users Survey of Mobility (PLUS-M), a self-report measure of mobility for 
people with limb loss.   



Recently, I have collaborated with the DoD and Dr. Paul Pasquina to lead a DoD/VA Joint Incentive Fund 
(JIF) project called the “Mobile Device Outcomes Based Rehabilitation Program (MDORP)”. This collaborative 
VA and DoD partnership will improve the quality of rehabilitative care at a decreased cost to the healthcare 
system and a reduced burden for Service Members and Veterans with lower limb loss through use of mobile 
computing devices designed to assess mobility, enable remote prescription of targeted exercise program, and 
provide continual measureable outcomes to document the continuum of care. The component Timed-Up-and-
Go-Test (cTUG) is a key performance-based outcome measure that will be used in the MDORP program to 
assess home mobility.  We feel that the cTUG can potentially assess risk for falls and this small pilot grant will 
help to optimize prosthetic outcomes and quality of life of people with lower limb loss. In summary, I have the 
experience and research background to successfully lead this research endeavor. \ 

 
B. Positions and Honors 
UPositions and Employment 
 
Sept 2013 - Present  Voluntary Assistant Professor of Physical Therapy, Department of Physical Therapy, 

Miami, FL 
May 2005-present  Research Physical Therapist, Research Service, Miami VA Medical Center, Miami, FL.    
Jan 2003-Oct 2004 Graduate Assistant, Florida International University, Miami, FL 
Dec 2000-Aug 2002 Clinical Research Coordinator, Miami Research Associates, Miami, FL 
 
UOther Experiences and Professional Memberships 
2002 -  Member, American Physical Therapy Association 
2002 – Member, Florida Physical Therapy Association 
 
UHonors 
2014  Researcher of the Year, Department of Physical Therapy, University of Miami 
2005  Outstanding Leadership Award,  College of Health & Urban Affairs, Florida International University.  
2004  Distinguished Service Award, Department of Physical Therapy, Florida 
 
C. Contribution to Science 
 

1. My early publications identified common posture asymmetries and examined symmetry in performance 
of functional activities in individuals with lower limb amputation.  Although clinically suspected and 
reported in classic literature, posture asymmetries at the pelvis due to limb length discrepancy resulting 
in muscle imbalances at the hip and trunk had not been verified or examined using standardized 
methods. Our research findings indicated that clinician-induced prosthetic limb length discrepancy in 
individuals with above knee amputation was prevalent, and related to changes at the pelvis and muscle 
imbalances at the hip. The posture asymmetries measured could lead to secondary health effects such 
as low back pain.  This publication has influenced a change in prosthetic clinical practice, where it was 
common prior to shorten the prosthetic limb in an effort to provide greater foot clearance when 
transitioning from stance to swing of phase gait.  Providing the individual with lower limb amputation 
with the proper prosthetic gait training along and equal lower limb length could help prevent low back 
pain.  Sit to stand activities, which may be overlooked during rehabilitation following lower limb 
amputation, are performed at least 50 times a day. Asymmetrical lower limb weight distribution during 
sit to stand activities could impact the likelihood of secondary health effects such as arthritis and future 
amputation. In addition, it was unknown what the different phases of sit to stand were and when weight 
asymmetry is at its greatest.  This information can help guide rehabilitation interventions with the 
intention of maximizing the use of the prosthesis. It was found that individuals with lower limb loss use 
their non-amputated limb more than there prosthetic limb when performing sit to stand transitions and 
have the greatest amount of asymmetry during the third phase or seat off event.  Again, these results 
have been used to help guide future rehabilitation interventions to prevent secondary health effects 
such are arthritis and future amputation.     

a. Gaunaurd I, Gailey R, Hafner BJ, Gomez-Marin O, Kirk-Sanchez N.  Postural Asymmetries in 
Transfemoral Amputees.  Prosthetic Orthotics International 2011; 35: 171-80.+ 

b. Agrawal V, Gailey R, Gaunaurd I, Gailey R, O’Toole C. Weight Distribution Symmetry during the 
Sit-to-Stand movement of Unilateral Transtibial Amputees.  Ergonomics 2011 Jul; 54: 656-64.   



 
2. In addition to the contribution above, my colleagues and I have demonstrated the importance of 

standardized functional prosthetic gait training and influence in prosthetic mobility.  When comparing 
the functional contribution of different prosthetic foot/ankle assemblies when performing level walking, 
sit to stand, ramp ascent and descent, and stair climbing, it was found that the greatest contributor to 
improved function during these activities was the standardized functional prosthetic gait training.  It was 
also found that J-shaped dynamic response prosthetic feet had the greatest influence to symmetry of 
work when performing these different activities. These findings demonstrate the importance of receiving 
standardized functional prosthetic training during lower limb amputation rehabilitation in order to 
maximize function and how J-shaped dynamic response prosthetic feet can improve overall symmetry 
during everyday activities.   

a. Agrawal V, Gailey RS, Gaunaurd IA, O’Toole C, Finnieston A, Tolchin R. Comparison of Four 
Different Categories of Prosthetic Feet during Ramp Ambulation in Unilateral Transtibial 
Amputees. Prosthet Orthot Int. 2014 Jun 12. [Epub ahead of print].  

b. Agrawal V, Gailey R, Gaunaurd I, O’Toole C, Finnieston A.  Comparison between a 
microprocessor controlled ankle/foot and conventional prosthetic feet during stair negation in 
unilateral transtibial amputees. J Rehabil Res Dev. 2013; 50(7): 941-950.   

c. Agrawal V, Gailey R, Gaunaurd I, O’Toole C, Finnieston A.  Influence of gait training and 
prosthetic foot category on external work symmetry during unilateral transtibial amputee gait.   
Prosth Orthot Int. 2013; 37(5): 396-403.   

d. Gailey RS, Gaunaurd IA, Agrawal V, Finnieston A, O’Toole C, Tolchin R. Application of Self-
Report and Performance-Based Outcome Measures to Determine Functional Differences 
between Four Categories of Prosthetic Feet.  JRRD 2012; 49 (4): 597-612. 
 

3. Historically, Service members who sustained major limb amputation during combat were medically 
retired from active military service.  Today, expectations have changed and provisions have been 
established to allow SM’s with major limb loss, who so desire, to remain on active duty.  A need for 
novel outcome measures to assess rehabilitation progress and determining optimal treatment 
strategies for Service members and Tactical Athletes was identified. It was concluded that there was a 
need to develop a more robust outcome measure geared towards assessing high level of mobility for 
this specific population in order to better quantify functional capability, change in function over time, and 
determine readiness to return to active duty and/or competitive sports.  I played a critical role in the 
development of the Comprehensive High-level Activity Mobility Predictor (CHAMP). The CHAMP is a 
performance-based outcome measure that assesses high-level mobility in individuals with lower limb 
amputation.  I was integral in its development and psychometric testing: determining standardized 
approaches for all item testing and scoring, organizing and leading the methodology testing and logistic 
planning, data analysis, data interpretation, and manuscript dissemination.  It was found to be a 
reliable, valid, and responsive measure of high-level mobility in Veterans and Service Members with 
traumatic lower limb loss. Today, it is used during the rehabilitation process and during assessment of 
readiness to return to duty and high-level activity for our Service Members and Veterans with lower limb 
amputation.  

a. Gaunaurd IA, Gailey RS, Pasquina P.  More than the Final Score: The Development, 
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