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Purpose People with polytrauma injuries along with diffuse axonal brain injury (TBI+DAI) present unique challenges to 
the physical therapist during comprehensive inpatient rehabilitation. The literature available to rehabilitation professionals 
regarding exoskeleton gait training (EGT) in the traumatic brain injury (TBI) population is limited. The purpose of this 
case report is to describe the use of EGT and traditional physical therapy management of an adult with polytrauma 
injuries and TBI+DAI during an inpatient rehabilitation stay. Methods The subject was a 31 year old veteran male 
diagnosed with polytrauma injuries and TBI+DAI, resulting from a high speed motor vehicle collision. He began to 
emerge from comatose state 8 days post-injury, was admitted to an inpatient rehabilitation facility and began physical 
therapy 23 days post-injury. He participated in physical therapy one to two times daily for 60 minute sessions with five 
additional EGT sessions and two community re-integration outings, for an average of 7 sessions per week throughout 
episode of care. Results Measures were taken at admission and were reassessed weekly. Functional Independence Measure 
total score increased from 62 to 117 and the motor subscale increased from 37 to 89. Berg Balance Scale score increased 
from 0 to 54. Gait distance increased from 20 feet with quad cane and moderate assistance from physical therapist to 
5,755 feet with single point cane and modified independence. Conclusion This case reports describes the use of off-label 
EGT in addition to traditional physical therapy management that was successful in increasing the quality and efficiency of 
gait in an individual with polytrauma injuries and TBI+DAI.
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Ⅰ. Introduction    

Individuals with diffuse axonal brain injury and poly-

trauma injuries present with a unique set of impair-

ments and often lack awareness of their deficits. The 

Veterans Health Administration defines polytrauma as 

“two or more injuries, one of which may be life 

threatening, sustained in the same incident that affect 

multiple body parts or organ systems and result in 

physical, cognitive, psychological, or psychosocial im-

pairments and functional disabilities.”1) It also states 

that when brain injury is present it dictates the course 

of rehabilitation due to the complexity of cognitive, 

emotional, and behavioral deficits.1) 

Diffuse axonal injury (DAI) is a mechanism of 

traumatic brain injury (TBI) that causes excessive 

shearing of the white matter tracts over a widespread 

area. DAI is the predominant mechanism of injury in 

40-50% of TBIs requiring hospital admission in the 

United States.2) An element of DAI is theorized to be 

present in some capacity with all motor vehicle crash-

es causing the subject to lose consciousness.2) It is be-

lieved that cognitive and motor deficits return at a de-

creased rate after a brain injury with DAI (TBI+DAI) 

as compared to brain injuries without DAI. This could 

be attributed to the effect that DAI has on the per-

son’s ability to learn new information and diminished 

capacity for information processing.2)

People with TBI present with a wide variety of ac-

tivity and participation limitations. The spectrum of 

possible impairments include cognition, mobility, ac-
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tivities of daily living, and communication. This im-

pacts the person’s participation in family roles, social 

interactions, sustaining a job, and functioning as an 

active member of society.3) For many persons with 

TBI, the main barrier to participation in a community 

setting is related to mobility.3) The recovery of mobi-

lity is greatly impacted by commonly found impair-

ments in strength, balance, coordination, voluntary 

motor control, and resurfacing primitive locomotion 

strategies. Improving walking function is often a vital 

component of the rehabilitation program to maximize 

the person’s independence and help prevent the de-

pendency on an assistive device or caregiver. 

Rehabilitation techniques to utilize in persons with 

a diagnosis of TBI have historically been difficult to 

standardize in research because of the broad range of 

cognitive and motor deficits possible. Cognitive defi-

cits in some specific areas, such as information proc-

essing and executive skills, seem to predominate.2) 

Kreutzer et al.4) found that 87% of people with severe 

TBI had impaired performance on neuropsychological 

tests for rapid mental processing and 76% showed an 

impairment in memory for new information.4) 

Clinically physical therapists must utilize treatment 

strategies to encourage information processing, retriev-

ing and storing of new information to permit skill car-

ry-over between treatment sessions.

Evidence is accumulating that repetitive, task spe-

cific practice, such as body weight support treadmill 

training (BWSTT) and exoskeleton gait training (EGT), 

should be used in the rehabilitation setting for people 

with TBI.5) Repetition is thought to facilitate the in-

tegration of remaining and altered sensorimotor sys-

tems in persons with brain injury.3) According to 

Schmidt et al.6) motor learning involves the integration 

of the sensory and motor information that occurs dur-

ing practice. This becomes increasingly important 

when treating the TBI population because of the high 

likelihood of cognitive learning impairments impacting 

motor learning. 

BWSTT is based on the current principle of motor 

learning through neuroplasticity. The repetition of nor-

mal physiological gait pattern with use of correct gait 

kinematics is hypothesized to target neuroplasticity. A 

recent study by Peters et al.7) found that gait speed 

and mobility significantly improved in 10 subjects with 

brain injury after 20 sessions of BWSTT. Williams et 

al.8) found that the manual assistance provided during 

BWSTT improved gait kinematics and the timing of 

muscle activation but was physically taxing on 

therapists. To replicate a normal gait pattern, histor-

ically 1-3 therapists are needed during BSWTT to con-

trol trunk and limb kinematics. A randomized com-

parative study by Esquenazi, et al.3) compared ro-

botic-assisted treadmill training (RATT) to manually as-

sisted treadmill training (MATT). RATT-trained partic-

ipants had significant improvement in step-length sym-

metry compared to MATT-trained participants and 

both groups had significant improvement in their 

overall mobility. RATT required fewer staff, less man-

ual effort, and decreased staffing costs.3) 

Consequently, robotic gait devices such as exoskel-

etons have emerged to assist in reducing this burden.

The benefits to EGT include a reduction in labor 

required from therapists, consistent movements, cus-

tom calculated gait kinematics, prolonged training 

times, and the possibility of over ground gait training 

unlike with BWSTT. Other evidence suggests that exo-

skeletons reduce immobility, improve spasticity, im-

prove cardiopulmonary function, bowel and bladder 

automatic function, and have psychological benefits 

resulting in improved quality of life.6) Although a con-

siderable amount of literature is available on the ef-

fectiveness of robotic gait devices in the spinal cord 

injury and stroke populations, there is little research 

regarding the TBI population. 

The purpose of this case report was to describe 

the effects of EGT and traditional physical therapy 

management on physical performance, balance, and 

gait distance in a single individual with polytrauma in-

juries and TBI+DAI. 

II. Material and Methods

1. Patient History and clinical impression

The subject was a 31 year old veteran male with an 

unremarkable past medical history. He was diagnosed 
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with polytrauma injuries and TBI+DAI, resulting from 

a high speed motor vehicle collision. He was mini-

mally responsive on the scene requiring immediate in-

tubation by EMS. His injuries included TBI with DAI, 

ligamentum nuchae injury, right subarachnoid hemor-

rhage, right pneumothorax, ventilator-dependent respi-

ratory failure, right maxillary sinus fracture, bilateral 

ear lacerations, left sternoclavicular joint dislocation, 

and left acromioclavicular joint dislocation. Initially he 

scored a 3 on the Glasgow Coma Scale for no sponta-

neous movement indicating severe brain injury. He 

began to emerge from a comatose state 8 days 

post-injury, was admitted to the Emerging Consciousness 

Program at an inpatient rehabilitation facility and was 

evaluated for the appropriateness of physical therapy 

23 days post-injury. He reported his goals were to re-

turn to previous level of independence, remain em-

ployed with a labor-intensive job, and to “walk better 

and farther.”

The subject did not have any medical complica-

tions that prohibited him from participating in therapy. 

Precautions included high fall risk and non-weight 

bearing to his left upper extremity. He presented to 

the evaluation with intermittent sharp left shoulder 

and neck pain that worsened with activity. The sub-

ject demonstrated ataxia of bilateral lower extremities 

and trunk with all movements. He was chosen for this 

case report due to the uniqueness of his medical di-

agnoses, his determination to return to his previous 

level to function independently as a father and em-

ployee, compliance with therapy recommendations, 

and limited amount of agitation or frustration making 

him a good candidate for EGT. Based on the subject’s 

clinical presentation, it was decided to examine his 

ability to balance, transfer, and ambulate. 

2. Examination

(1) Cognition

The subject was alert and oriented to person, place, 

date, and time. He presented with impairment of ex-

ecutive functioning, lack of deficit awareness, and 

mild impulsivity. He was easily redirectable to the 

task with frequent verbal cueing. He was able to fol-

low simple one-step commands only and had diffi-

culty sequencing multi-step tasks.

Berg Balance Scale

The participant performed the items of the Berg 

Balance Scale (BBS) as a measure of static and dy-

namic balance capability and to detect fall risk. 

Minimal detectable change and cut-off values are not 

determined for the TBI population, however in the 

elderly population meaningful change is indicated by 

an increase in score by 4.6 points and scoring less 

than 45/56 indicates a high fall risk. The 14-item bal-

ance test is recommended to be used with the TBI 

population in the inpatient rehabilitation setting by the 

TBI Taskforce.9) The subject was initially not appro-

priate to complete this outcome measure and was 

therefore scored as 0/56 points.

Functional Independence Measure

The participant performed the segments of the 

Functional Independence Measure (FIM) as a measure 

of physical and cognitive function. The outcome 

measure was used to track the subject’s level of dis-

ability and response to rehabilitation. Reported median 

correlation coefficients between total FIM scores are 

0.95 for inter-rater reliability, 0.95 for test retest reli-

ability, and 0.92 for equivalence reliability.10) An ad-

mission FIM score of greater than 70 is associated 

with the patient achieving non-dependency at 

discharge.10) The subject initially scored 62/126 for the 

total FIM and 37/91 on the motor subscale. 

(2) Gait Distance

Gait distance was used as an outcome measure secon-

dary to the patient’s main goal to “walk better and 

farther” and the nature of his laboriously-intensive job 

requirements. To operationalize gait distance, the pa-

tient was provided the same verbal instructions each 

assessment. He was instructed to walk at his self-se-

lected gait speed as far as he could before requiring a 

rest break. A second person was utilized to follow di-

rectly behind the subject with the same measuring 

wheel set to feet. The measurement would begin at 

the patient’s feet when the therapist said, “go” and 

ended at the patient’s feet when he took a seated or 
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standing rest break. At initial evaluation the patient 

was able to ambulate 20 feet with a quad cane and 

moderate assistance from physical therapist. 

Disability Rating Scale

The Disability Rating Scale (DRS) is intended for per-

sons with moderate to severe TBIs and measures gen-

eral recovery from coma to full recovery. It is de-

signed to be used within 72 hours of rehabilitation 

admission and discharge with the maximum score of 

29 indicating severe unresponsive wakefulness state. 

Testa et al.11) found that the DRS was moderately pre-

dictive of long-term functional outcome, return to em-

ployment, and independent living. Initially the subject 

scored a 9/29 indicating he was markedly dependent 

for physical function and not employable. 

3. Intervention

The subject participated in physical therapy one to 

two times daily for 60 minute sessions with five addi-

tional EGT sessions and two community re-integration 

outings, for an average of 7 sessions per week 

throughout the 5 week episode of care. Daily treat-

ment sessions varied to include transfer, gait, balance, 

and strength training. Manual therapy to cervical and 

shoulder girdle musculature was used as needed for 

pain management. EGT was deemed appropriate and 

initiated 14 days after initial evaluation. Where pro-

gression for an activity was not described in the case 

study, the therapist added an appropriate exercise 

progression to maximize improvements. Activity per-

formance was supervised by a physical therapist. The 

transfer training included repetitions of transfers from 

supine to sitting and sitting to standing. The subject 

initially required minimal assistance from the physical 

therapist with sit to stand transfers as well as constant 

verbal cueing for anterior weight shift and to prevent 

the subject from bracing his legs against the side of 

the mat. For this case, the goal was for the patient to 

eventually be able to perform these transfers with a 

single point cane at modified independence. The pa-

tient’s body mechanics consistently improved with 

about ten repetitions per treatment session to encour-

age motor learning. 

Over ground gait training (OGGT) was initiated at 

the first treatment session. Initial gait analysis dis-

covered ataxia of bilateral lower extremities and trunk 

with narrow base of support and intermittent 

scissoring. He had inconsistent step length and ca-

dence with difficulty sequencing the quad cane. EGT 

was initiated 14 days after initial evaluation as an at-

tempt to reduce the dominant ataxic gait asymmetry. 

OGGT was utilized directly after EGT to encourage 

neuroplasticity. The subject participated in a total of 

five EGT sessions with the Ekso GT exoskeleton 

(Ekso Bionics, Richmond, CA). Appropriate fitting, 

donning of an abdominal binder, and the addition of 

padding to subject comfort was performed prior to 

powering on the device. This training required the as-

sistance of two trained physical therapists for safe 

management of the patient in this device. The subject 

was able to follow commands appropriately for the 

safe use of the exoskeleton. 

EGT utilized the ProStep Plus program allowing 

the subject to take consecutive steps in the robotic 

device. He was able to improve gait fluidity and 

maintain the desired forward and lateral trajectory tar-

gets with custom setting modifications. The subject 

spent about 60 minutes in the robotic device each 

EGT session with about 25 minutes of ambulation 

time. The remainder of the time was spent donning 

and doffing the device, making appropriate custom 

modifications as he progressed, and educating the 

subject during seated rest breaks. With each EGT ses-

sion the subject demonstrated progress allowing for 

the decrease of the amount of assistance provided by 

the exoskeleton.

Balance training included a variety of combinations 

of eyes open, eye closed, firm ground, foam ground, 

rhomberg stance, sharpened rhomberg stance, and 

tandem stance. As the subject progressed, higher level 

dynamic balance tasks were added to the plan of care 

(e.g. resisted side stepping, mini-squats, stepping over 

obstacles). Dual task demands such as carrying ob-

jects, tossing balls, or counting backwards during am-

bulation were added in the fourth week once patient 

could tolerate the physical and cognitive demand.

Therapeutic exercise was used to increase the 



 

Bethany Spain, Man-Soo Ko

 Exoskeleton Gait Training with Traditional Physical Therapy Management of a Patient with Polytrauma Injuries and Diffuse Axonal Injury: A Case Report ∙ 5

Table 1. Outcome Measure Scores by Week

Measure Week 1 Week 2 Week 3 Week 4 Week 5

Berg Balance Scale 0 25 34 48 54

Functional Independence Measure (total) 62 93 102 113 117

Functional Independence Measure (motor subscale) 37 62 71 79 89

Gait Distance (feet) 20 150 413 1887 5755

Disability Rating Scale 9 - - - 2

Table depicting the subject’s actual increase in outcome measure score at the beginning of each week during inpatient rehabilitation admission. 
Note week 1 values were from the initial physical therapy evaluation. Week 2 values were from the reassessment performed on the Monday 
of the subject’s second week and so on. Week 5 values were obtained at the subject’s discharge. Note the Disability Rating Scale was only 
performed at initial evaluation and discharge as intended.

Week 1 Week 2 Week 3 Week 4 Week 5

Gait Distance (feet) 20 150 413 1887 5755

Assistive Device Quad Cane Single Point Cane Single Point Cane Single Point Cane Single Point Cane

Physical Assistance Moderate Minimum Contact Guard Supervision Modified Independence

Table depicting the subject’s maximal distance ambulated prior to requiring a rest break, the assistive device used, and the amount of 
assistance provided by the physical therapist. *Note the exponential gait distance increase during weeks 3, 4, and 5 after exoskeleton gait 
training was initiated at the end of week 2.

Table 2. Change in Gait Distance and Required Assistance by Week.

strength of the participant’s proximal hip musculature 

initially using blue theraband or two pound ankle cuff 

weights as resistance. Resistance was progressed as 

appropriate throughout plan of care. Exercises in-

cluded supine bridges, straight leg raises, sidelying hip 

external rotation, sidelying hip abduction, and prone 

knee flexion. Heel raises, step-ups, squats, and lunges 

were added as the patient progressed. 

He participated in two community re-integration 

outings during his fourth and fifth week of 

rehabilitation. One outing was to the grocery store 

where he was cognitively tasked to obtain the in-

gredients to make a meal within a certain budget and 

physically tasked to manage obstacles while scanning 

the environment. The second outing was a long com-

munity distance walk to a busy restaurant. He was 

tasked with safely navigating to and from the restau-

rant utilizing safe community ambulation skills. 

III. Results

Data for outcome measures (BBS, FIM, gait distance) 

were obtained at admission to inpatient rehabilitation 

facility and were re-administered on a weekly basis 

(Figure 1 and Table 1). The DRS was administered 

twice within 72 hours of rehabilitation admission and 

discharge as designed. The subject was able to prog-

ress with all treatment interventions targeting transfers, 

gait, balance, and proximal hip strength. He safely 

performed stand-pivot transfers and transfers from su-

pine to sitting and sitting to standing with correct 

body mechanics 13 days after initial evaluation and 

reached modified independence with single point 

cane 25 days after initial evaluation. 

There were immediate gait analysis improvements 

noted during over ground ambulation after each EGT 

session. The subject’s step symmetry equalized, and 

his base of support widened with no episodes of scis-

soring gait pattern. The most noticeable change was 

the decrease in amount of ataxia present to bilateral 

lower extremities and trunk. With the reduction of 

gait deviations improving the energy efficiency of gait, 

the subject progressed from ambulating 20 feet with 

narrow-based quad cane and moderate assistance 

from the therapist at initial evaluation to ambulating 

5,755 feet with single point cane at modified in-

dependence (Table 2). 

The subject’s BBS score increased from 0 to 54. 

The FIM total score increased from 62 to 117 with the 
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Figure 1. Outcome Measure Totals by Week. 

Graph depicting the subject’s actual increase in outcome measure 
score at the beginning of each week during his stay in an inpatient
rehabilitation facility. Note that week 1 values are from the initial 
physical therapy evaluation. Week 2 values were from the 
reassessment performed on the Monday of the subject’s second 
week and so on. Week 5 values were obtained at the subject’s 
discharge.

motor subscale increasing from 37 to 89. The DRS 

score improved from 9 initially to 2 at discharge. The 

subject tolerated 5 weeks of physical therapy one to 

two times daily without any complications. The only 

negative impact was a slight increase in his sternocla-

vicular and left acromioclavicular joint pain during the 

first EGT session. The pain was eliminated with the 

addition of more padding above and below the left 

clavicle while in the exoskeleton.

IV. Discussion

People with polytrauma injuries along with TBI+DAI 

present unique challenges to a physical therapist dur-

ing comprehensive inpatient rehabilitation. The liter-

ature available to rehabilitation professionals regarding 

EGT in the TBI population is extremely limited. The 

purpose of this case report was to describe the use of 

EGT and traditional physical therapy management of 

an adult with polytrauma injuries and TBI+DAI during 

an inpatient rehabilitation stay. Key findings can be 

summarized as the subject made marked improve-

ments with all outcome measures and the utilization 

of EGT followed by OGGT had immediate reduction 

in dominant ataxic gait deviations. The reduction of 

gait deviations decreased the energy burden of gait al-

lowing the subject to increase his walking endurance 

and decrease the dependence on an assistive device 

and caregiver. 

The use of the Ekso GT exoskeleton for this sub-

ject with the diagnosis of TBI was an off-label use. 

The FDA has approved the use of the Ekso GT for 

patient populations including individuals with hemi-

plegia due to stroke, spinal cord injuries T4 to L5, 

and spinal cord injuries at levels C7 to T3 ASIA D.12) 

However, the Certification Marking Indications for Use 

states the device is intended for any patient with a 

neurological or muscular injury, illness, or 

weakness.12) Ekso GT trained physical therapists made 

the clinical decision to train this subject in the exo-

skeleton off-label because of his high cognitive func-

tion and limited amount of agitation or frustration in 

therapy sessions. It was believed that the patient 

would tolerate feedback constructively, apply the edu-

cation to OGGT, and remain safe while wearing the 

exoskeleton. Prior to the initiation of EGT the subject 

showed limited improvements in his bilateral lower 

extremity and truncal ataxic gait deviations. When 

combined with traditional physical therapy manage-

ment including balance and strength training, the plan 

of care was successful in increasing the quality and 

efficiency of gait.

Rehabilitation techniques for persons with TBI 

have historically been difficult to research because of 

the broad range of cognitive and motor deficits. 

Repetitive, task specific practice, such as BWSTT or 

EGT, could prove viable for people with TBI because 

repetition is thought to facilitate the integration of re-

maining and altered sensorimotor systems.3) In this 

case, the subject showed limited reduction in his gait 

deviations prior to the initiation of EGT including 

ataxic movements of bilateral lower extremities and 

trunk, narrow base of support, intermittent scissoring, 

inconsistent step length, and variable cadence. After 

the fourth EGT session the subject stated, “It helps 

me, kind of like muscle memory. It walks how I 

should walk so when I get out of it, my body knows 

that it needs to walk that certain way.” The subject 

completed five EGT sessions until the subject demon-

strated ambulation recovery with minimal gait devia-

tions and was thought to benefit from higher-level 

balance and gait training. Ultimately his BBS score in-
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creased from 0 to 54 and DRS improved from 9 to 2. 

While this case study provides important information 

for clinicians, there are limitations to be considered. 

First, this is a case study of a single subject and it is 

unclear whether these results are generalizable to the 

larger population of people with TBI+DAI as there are 

a broad range of cognitive and motor deficits 

possible. Gait distance was used as an outcome meas-

ure with the rational that diminishing gait deviations 

will reduce the energy burden of gait thusly increas-

ing the gait distance the subject could ambulate prior 

to requiring a rest break. However, this case study 

would have benefitted from the use of a more ob-

jective outcome measure recommended for the TBI 

population such as the 6 minute walk test. 

In conclusion, this case report provides an exam-

ple of incorporating EGT into a traditional physical 

therapy plan of care that was successfully im-

plemented in a veteran with polytrauma injuries along 

with TBI+DAI. He tolerated 5 weeks of physical ther-

apy one to two times daily without any complications 

during the entirety of his inpatient rehabilitation stay. 

He had significant score increase with the BBS, FIM 

total, FIM motor subscale, and DRS. More work is 

needed to determine the appropriateness of the use 

of an exoskeleton for gait training in the TBI pop-

ulation, and if appropriate then treatment guidelines 

to maximize functional neuroplastic return.
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