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A prevalent cause of foot drop is peripheral nerve injury (P�I).  The current treatment options for foot drop 

after P�I include surgery for nerve repair, physical therapy (PT) for strengthening and bracing for support.  

The purpose of this case study is to describe the outcomes of treating a patient with foot drop caused by P�I 

with functional electrical stimulation (FES).  The patient discussed has foot drop due to a sacral nerve root 

lesion resulting from a pelvic fracture.  After 1 year of PT intervention including gait progression, 

neuromuscular re-education, balance training and therapeutic exercise the patient was unable to progress from 

a single-tip cane due to continued local weakness of the anterior tibialis.  A trial of FES using the Bioness L300 

was initiated as a trial treatment to progress the patient from ambulation with a single tip cane to ambulation 

without an assistive device.  Outcomes included improved 6 minute walk test  distance, decreased falls risk on 

Dynamic Gait Index and decreased reported fear of falling on the Modified Falls Efficacy Scale,  and ability to 

walk and run on uneven terrain with the L300. 
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oot drop is the inability to dorsiflex the foot 
and /or control dorsiflexion during the full gait 
cycle and is often an indicator of neurological 

dysfunction.1,2  There are many causes of foot drop.  
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The two main causes are central nervous system 
(CNS) disease or injuries including: multiple sclerosis, 
spinal cord injury, cerebrovascular accident, and 
traumatic brain injury; or peripheral nervous system 
(PNS) disease or dysfunction1 including post-polio 
syndrome, Charcot Marie Tooth, lumbar disc 
herniation, and peripheral nerve injury (PNI). 
 
Dependent on the cause of foot drop, treatment 
varies, and can include surgical treatment, electrical 
stimulation (ES), rehabilitation, and bracing.1 
 
 
 
 
 
 
 

© The Foot and Ankle Online Journal, 2010 

F



Volume 3, No. 8, August 2010                                                                              The Foot and Ankle Online Journal

The knowledge base, imaging abilities and 
understanding of CNS disorders are well understood 
and documented.1,2  The CNS consists of the cerebral 
cortex, cerebellum and spinal cord.2   Traditionally, 
treatment for foot drop using functional electrical 
stimulation (FES) is reserved for patients with CNS 
disorders such as multiple sclerosis, spinal cord injury, 
cerebrovascular accident, and traumatic brain injury.3-7 
   
The rationale for using FES for patients with CNS 
disorders is the FES modality uses the local spinal 
loop reflexes of the peripheral nervous system (PNS) 
to compensate for a disorder in the CNS.8,9 There is a 
vast body of knowledge supporting the use of FES to 
treat foot drop in the acute and chronic stages of 
CNS injury/disease.3-7 
 
Currently there is limited evidence to support the use 
of ES after damage or injury to the PNS including PN 
due to the lack of an innervated local spinal reflex 
loop.  Limited applications of ES have proven to be 
successful including the use of ES intra-operatively 
after PNI allows improved nerve recovery.10,11  
Electrical stimulation has been proven to be a 
successful neuroprosthetic in the long term treatment 
and management of bowel and bladder dysfunction 
due to cauda equina syndrome.12 Transcutaneous 
electrical nerve stimulation (TENS) is used as an 
alternative to pharmacological treatment of PNI-
related pain.13,14 Pain due to PNI is very common with 
neuropraxia.15  Aside from treating pain, or bowel and 
bladder dysfunction due to PNI with ES, motor 
dysfunction of the upper extremity and lower 
extremity is not currently treated using ES.  Upper 
and lower extremity motor dysfunction after PNI is 
treated with a combination of rehabilitation for range 
of motion, strength and bracing for functional 
positioning.  
 
Clinical rehabilitation of patients with foot drop due 
to PNI does not include ES for motor recovery due 
to the lack of evidence to support its use and the 
compromise of the local loop reflex utilized with 
FES.    Patients with foot drop due to PNI are fitted 
with an ankle foot orthosis (AFO) to minimize the 
foot drop during gait.  
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Brugin, et al., found that despite patients with PNI 
being fitted for an AFO, patients displayed poor 
compliance associated with continued strength and 
gait deficits, which interfered with activities of daily 
living.16   The use of FES has not been researched for 
the treatment of motor dysfunction with PNI.1,2,3-7,15-19  
The purpose of this case study is to examine a case of 
successful treatment of foot drop due to PNI with 
FES as an intervention.  
 
 
Case Description 
 
History 
 
The patient is a 21 year-old male, active duty United 
States Marine Corps, and was injured in Iraq. He 
suffered the following injuries: left scapular fracture, 
right tibial fracture, pelvic diastasis, and sacral fracture 
with documented sacral nerve root injuries. The 
patient had no significant past medical history, 
although he does report occasional tobacco and 
alcohol use. He was hospitalized for 15 days at a 
major medical center. His initial inpatient physical 
therapy (PT) evaluation revealed fair gross motor 
strength of bilateral lower extremities and he was 
non-weight bearing bilateral lower extremities. The 
focus of his PT during his acute care episode of care 
was safe independent transfers and mobility to allow 
for safe discharge home for convalescent leave.  At 
the time of his discharge from the hospital his weight 
bearing status was as follows: left lower extremity was 
weight bearing as tolerated, and his right lower 
extremity was partial weight bearing.  When he was 
discharged home from acute care he was walking 
short distances with a walker and able to ascend 
/descend stairs with crutches. Shortly after his 
discharge home he experienced a significant increase 
in bilateral lower extremity pain during gait and 
weight bearing activities.  His orthopedic physician 
advised him to return to bilateral lower extremity 
non-weight bearing until full sacral healing had 
occurred. He received a home PT evaluation and 
treatment. Documentation from his home PT episode 
of care was not accessible to the authors of this case.   
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The patient returned to the medical center 3 months 
after his initial injuries for further follow-up care 
including outpatient PT.  In addition, six months after 
his initial injury the patient had electromyography 
testing which revealed sacral nerve root injury at 
levels L5/S1/S2 with specific dysfunction of his right 
anterior tibialis. 
 
 
Examination 
 
The patient was referred to the Outpatient PT 
Department by his orthopedic physician for 
evaluation. At the time of the initial outpatient PT 
evaluation, he remained non-weight bearing bilateral 
lower extremities and used a motorized scooter for 
mobility.  He reported minimal physical therapy 
intervention during his 3 months at home on 
convalescent leave due to his restrictions in place and 
conservative treatment of his sacral and pelvic 
injuries.  His initial outpatient PT evaluation reveal: 
left lower extremity manual muscle testing was 3/5 in 
all major groups (hip flexor, hip abductor, hip 
adductor, hip extensor, knee flexor, knee extensor, 
ankle dorsiflexion and ankle plantar flexion); his right 
lower extremity was painful with manual muscle 
testing 2-/5 in all major groups (hip flexor, hip 
abductor, hip adductor, hip extensor, knee flexor, 
knee extensor, ankle dorsiflexion and ankle plantar 
flexion.)   
 
One month after his initial evaluation he was cleared 
by his orthopedic physician to begin weight bearing as 
tolerated for bilateral lower extremities and was re-
evaluated at that time for bilateral lower extremity 
strength, mobility and gait.  Since the initial evaluation 
there was improved strength: left lower extremity to 
5/5 in all major muscle groups hip flexor, hip 
abductor, hip adductor, hip extensor, knee flexor, 
knee extensor, ankle dorsiflexion and ankle plantar 
flexion) and right lower extremity to  3-/5 in all major 
muscle groups hip flexor, hip abductor, hip adductor, 
hip extensor, knee flexor, knee extensor, ankle 
dorsiflexion and ankle plantar flexion) and remained 
painful.  
 
 
 
 

Sensory testing of the right lower extremity revealed 
decreased sensation to light touch and proprioception 
as well as decreased deep tendon reflexes.  Sensory 
testing of the left lower extremity was normal, deep 
tendon reflexes were decreased.  He was able to 
perform sit to stand transfer with minimal to 
moderate assistance in the parallel bars.  Ambulation 
evaluation was attempted; however, gait assessment 
was unable to be completed. This was due to the 
patient’s fear of pain with ambulation, associated with 
the pain he experienced during ambulation after his 
discharge home from his acute care hospital stay. 
 
 
Interventions 
 
The patient received PT for 1 year with a total of 68 
visits. Physical therapy treatment for his left upper 
extremity deficits was directed using practice pattern 
4G, from the Guide to Physical Therapy Practice, 2nd 
edition.20 Treatment progression for his gait and 
bilateral lower extremity deficits was facilitated using 
practice pattern 5F from the aforementioned text.20   
Interventions for his left upper extremity deficits 
included: range of motion, strength training, 
neuromuscular re-education and progression to a 
home exercise program. Interventions for his lower 
extremity deficits included: neuromuscular re-
education, standing balance, bilateral lower extremity 
strengthening exercises progressing from gravity 
minimized to against gravity and finally to include 
resistance; and gait training progression from walking 
in the parallel bars to a rolling walker, to a single-tip 
cane.  The patient has a home exercise program he 
completed on days he did not have PT.  His home 
exercise program consisted of left shoulder 
strengthening, bilateral lower extremity strengthening 
and standing balance activity.  See Table 1, 
progression of home exercise program (HEP) in 6 
month increments. 
 
In June of 2009, 14 months after the initial injury and 
12 months after beginning gait training, the patient 
still required a single-tip cane for gait.   
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July 2008 January 2009 June 2009 

Shoulder HEP Shoulder HEP Shoulder HEP 
Scapular Retraction Shoulder Flexion w/ 1.5lbs  Patient reports independence with HEP and is 

self progressing his upper extremity strength at 
the gym.  The patient denied any pain or 
difficulty with his left shoulder. 

Shoulder Int. rotation Shoulder Abduction w/ 1.5lbs  
Shoulder Ext. rotation Bicep Curls w/ 1.5lbs 

Right Lower Extremity 
HEP 

Bilateral Lower Extremities Bilateral Lower Extremities 

Quad sets SLR Bridging 
Heel Slides Prone Hamstring curls Prone Hamstring curls w/ 1-2 lbs 
Ankle pumps Wall Squats Ankle 4-ways w/ medium resistance tubing 
Left Lower Extremity 
HEP 

Ankle 4-ways Side-lying Hip Abduction w/ medium resistance 
tubing 

Straight leg raise (SLR) Side-lying Hip Abduction Single leg stance practice on each leg 
Hamstring Curls    
 
Table 1  Progression of home exercise program (HEP) in 6 month increments. 

 
 
He was unable to walk on uneven terrain and had 
experienced multiple falls due to continued right 
ankle dorsiflexion weakness and associated foot drop 
during gait which increased with fatigue despite PT 
intervention. The patient was very frustrated at his 
continued need for single-tip cane during ambulation 
and his personal goal was to walk without assistance 
and return to running.  Due to the patient’s plateau 
and maximal attempt to treat this patient’s gait 
dysfunction with therapeutic exercise, and 
neuromuscular re-education, a clinical trial of FES 
was conducted in attempt to normalize his gait 
without a single-tip cane. Physician approval and IRD 
guidelines were followed for the FES trial.  The 
patient was informed of the risks and benefits of a 
FES trial. The risk of using FES are minimal and 
include mild skin irritation from the cuff and 
electrodes, and muscle soreness from increased 
muscle contraction18,19  He was informed of the lack 
of research to support the use of FES with PNI.1,2-7,15-
19     He verbalized understanding of the risk, benefits 
and the possibility of the FES being unsuccessful in 
the treatment of his foot drop and consented to a trial 
of FES for his right foot drop. 
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The specific device utilized in this case is the L300, a 
product by Bioness. The L300 is a foot drop 
stimulation device using wireless communication 
between an electrode cuff and intell-sense gait sensor 
in the patient’s shoe. The total weight of the 
functional stimulation cuff, intell-sense gait sensor, 
and control unit total 7.4 ounces.   It is indicated to 
treat foot drop associated only with upper motor 
neuron injury or disease.18  The L300 has been proven 
to improve gait, decrease/retard muscle atrophy, 
maintain/increase joint range of motion and increase 
local blood flow.18   The L300 provides biphasic 
pulsatile current,  22 to 40 pulses per second, and 0-
60 milliamps creating a non-fatigue tetanic muscle 
contraction.19    The Bioness clinician is able to 
change the waveform, phase duration, pulse rate 
milliamperage, and ramp time dependent on the 
needs and impairments of each patient 
 
A total of 14 visits were needed to train and progress 
the patient using the L300. Visits 1-4 were used to 
adjust settings for optimal gait with improved step 
symmetry and equal stance time. Visits 5-14 were 
used to progress the patient from walking on the 
treadmill, to running on the treadmill and progressing 
towards uneven surfaces (foam, ramps, and steps) in 
the clinic and eventually to uneven surface in the 
community including grass, gravel and curbs.   
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 Initial Visit for L300 trial  1 month of L300 2 months of L300 

6MWT w/ cane  150 feet 897 feet Not tested 
6MWT w/ L300 690 feet 2,376 feet 2,957 feet 
DGI w/ cane  Not tested Not tested 15/25 
DGI w/ L300 Not tested Not tested 24/24 
MFES rated w/ cane Not tested Not tested 2/10 = not confident 
MFES rated w/ L300 Not tested Not tested 10/10 = completely confident 
 
Table 2  Objective outcomes following clinical trial of L300. 

 
 
Outcomes 
 
During the first nine months of conventional PT 
intervention this patient showed continued progress 
towards his goals of independent gait, full strength 
and ROM.  He has had almost full recovery of his left 
shoulder ROM and strength.  His left lower extremity 
has full recovery of strength.  His right lower 
extremity manual muscle test at 9 months revealed: 
quadriceps 4/5, hamstring 4/5, anterior tibialis 3-/5, 
gasctrocmenius 3/5 with poor ankle neuromuscular 
coordination during gait and diminished deep tendon 
reflexes.  There is visible decreased muscle tone when 
compared to the left lower extremity.   
 
At nine months the patient had plateaued with PT.  
Once the L300 was trialed he was able to overcome 
his plateau and made significant gains towards his 
goals of independent gait and progression back to 
running using the L300 as a long term 
neuroprosthetic device. Outcome measures initially 
used to measure progress with the L300 included the 
6 minute walk test (6MWT).  The 6MWT is an 
objective measure of functional gait capacity and due 
his limitations was the only dynamic tool he was able 
to participate in initially.   Dynamic Gait Index (DGI) 
and Modified Falls Efficacy Scale (MFES) were added 
after two months of training with the L300 to 
compare the patient’s functional balance with and 
without the L300.  The 6MWT was chosen to 
measure a change in gait distance over a period of 2 
months training with the L300.   At his re-evaluation 
two months after using the L300, additional tests and 
measures including the DGI and MFES the were 
used to gather more information on the functional 
gains he experienced when using the L300 as a gait 
aid versus his single-tip cane.  
 
 

 
 
During the 14 visits for training with the L300 he 
demonstrated improved gait distance, improved 
balance and decreased subjective fear of falling.  
Average gait speed for 20-60 year old, healthy men is 
82 meters per minute.24   The average gait speed for 
this patient prior to the L300 trial was 7.6 meters per 
minute well below the age related normative values 
for his age group; his gait speed with the L300 after 2 
months of training improved to 150 meters per 
minute.  See Table 2 for specific outcomes. 
 
 
Discussion 
 
The specific gains of this patient demonstrate the 
efficacy of using the L300 to treat his foot drop due 
to PNI.  Prior to using the L300 he was walking with 
a dysfunctional gait pattern, using a cane and unable 
to keep up with his peers.  Using the L300 he 
improved gait speed to match and surpass the mean 
gait speed for his peers.  Without the L300 the 
patient’s DGI score places him at risk for falls, with 
the L300 he scored 100% and is no longer a falls risk.  
In addition, his gait confidence is 20% without the 
L300, and 100% with the L300 using the MFES.  His 
success with the L300 clinical trial has led to pursuit 
of ordering a personal L300 for long term home use 
and continued gait training for return to running.  
The patient’s prior high level of physical fitness in the 
United States Marine Corps and his desire to return to 
a very active lifestyle sparked the idea for a clinical 
trial using FES for improved functional gait pattern 
and speed.   
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Lack of research looking at the use of FES in patients 
with motor dysfunction due to PNI leaves a large 
patient population to examine for potential increased 
motor function and quality of life.  In future studies 
looking at the success of using FES for foot drop, 
patient records of falls outside of the clinic, falls / 
balance scale,  patient-reported activities limitation 
scale and muscle girth of the calf will provide 
additional information for outcomes measurement.   
 
The tests and measures used for the case were 
determined based on the physical condition of the 
patient and his goals of therapy.  The 6MWT is a 
reliable measure of functional mobility in patients 
with different levels of physical ability.22-24   The 
6MWT was used due to patient’s intolerance to 
lengthier testing involved with other tools such as the 
DGI, and the Berg Balance or Tinneti. The DGI was 
added at the two month re-assessment due to clinical 
improvements of the patient and his history of falls   
The DGI is a reliable tool to examine gait, balance 
and risk of falls.2   Dynamic Gait Index scoring 
incorporates the use of an assistive device in dynamic 
gait with turns and head movement, unlike other 
balance scales such as the Berg Balance.     
 
The MEFS was added at the 2 month re-assessment 
to look at the patient’s confidence level in his own 
abilities and his history of falls.  The MEFS is a 
reliable tool to measure patient’s fear of falls in 
multiple settings.25,26   The patient’s history of falls and 
fear of falling greatly limited his confidence in his gait. 
Patients with high fear of falling self-limit their 
activity, which leads to decreased quality of life.26   
The patient often reported subjective fear of falling 
and therefore the MEFS was added to monitor his 
fear of falling when using his single-tip cane versus 
the L300. Since using the L300 the patient reported a 
decrease in the amount of fall incidents at home.  The 
cause for this is not known.  Prior to using the L300 
the patient estimates fall and near fall incidents at 
least 3-4 times a week; since using the L300 the 
patient reports 0-1 fall and near fall incidents per 
week. The patient was not actively tracking the 
number of falls at home; therefore objective data is 
not available.    
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The MEFS was used over other fear avoidance scales 
due to its specific implications to gait in different 
environments.  Earlier implication of the MEFS or 
another tool such as the activities-based confidence 
score might have revealed additional outcome 
measures to support the benefit of using the L300 
over a single-tip cane.   
 
Based on the success shown with this patient a large 
patient sampling with PNI is indicated to develop 
rehabilitation treatment guidelines for the future use 
of FES in patients with PNI. A large patient sampling 
needs to include a variety of levels of dysfunction to 
determine patients who are good candidates for 
successful trial of FES.27  It is considered that FES  
provides patients with foot drop increased functional 
gait pattern, prevention of muscle atrophy, increase 
local blood flow for tissue health and assist with 
increased cortical activation for further recovery.28,29 
The more conventional method for correcting foot 
drop is bracing with an AFO.  The use of AFO’s in 
patients with foot drop and associated decreased foot 
sensation leads to increased risk for skin 
breakdown.30,31 The AFO also limits active muscle 
contraction leading to decreased functional use and 
associated disuse atrophy of the anterior tibialis.30,31  
The benefits of FES make this a better option for the 
treatment of PNI motor dysfunction to maintain local 
tissue health and prevent side effects of bracing 
including: skin breakdown, disuse muscle atrophy, 
decreased functional use of the involved limb, and 
limited or no chance for further recovery. 
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