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Introduction

Among new-borns in the USA, the annual incidence of obstetric 
brachial plexus injury (OBPI) is about 0.9% resulting in estimated 35,000 
new-borns with paralysis/paresis on the upper extremity (UE) [1]. For 
some babies full or almost full recovery of UE function is expected 
[2]. But for 20-30%, the normal development is impaired because the 
paretic UE undergo varying degrees of muscle atrophy, loss of joint 
range of motion in the gleno-humeral, “scapula-thoracic”, elbow, and 
wrist joints, resulting in limited use of the UE in daily functions [3]. 
Functional electrical stimulation (FES) is seldom considered in the 
management of OBPI [4]. One reason for not considering FES is the 
uncertainty of sufficient innervation of the atrophied, paretic muscles. 
This paper presents a novel clinical approach to screen babies and 
children with OBPI and develop a treatment plan for those who are 
candidate for FES intervention.

Methods
Screening

The stimulation parameters needed for screening include symmetric 
biphasic waveform pulse generator (FES); phase/pulse duration of 300-
600 microsec; 1-2 pulses per sec; and peak current intensity of no less 
than 100 mA. The electrodes are placed on each target muscle group 
(example the wrist-finger extensors as illustrated in Figure 1.

The stimulation intensity is increased rapidly looking for visible 

twitch contraction of the target muscles. The presence of twitch 
contractions indicates sufficient innervation to justify using FES 
to strengthen the tested muscle group. The testing is repeated on all 
paretic-atrophied muscles of the UE. 

Testing of UE joints mobility 

Limited active and particularly passive range of motion (PROM) 
are the primary impairments that prevent children with OBPI from 
using the UE [5,6]. Specifically, the limited PROM of the gleno-
humeral, elbow, and wrist joints must be documented during the initial 
screening. One exception to hypomobility is the hypermobility of the 
“scapula-thoracic” joint resulting in the typical “winging scapula” 
(Figure 2). Specifically, the unstable scapula protrudes, elevates, and 
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Abstract
An estimated 35,000 new-borns will acquire obstetric brachial plexus injury (OBPI) each year in the USA. Despite 

major advancements in early neurosurgical procedures resulting in peripheral re-innervation, the recovery process 
typically takes several years. The inability to activate the upper extremity (UE) muscles during this period results 
in severe atrophy, joints contracture, diminished peripheral blood flow, limbs length discrepancy, all contributing 
to impaired development of UE use during uni-and bilateral daily functions. Functional electrical stimulation (FES) 
augmentation of recovery after damage to the brain is document extensively in peer-reviewed rehabilitation literature. 
In contrast, FES is seldom considered a treatment option in OBPI. The primary reason is that in the absence of 
peripheral innervation, the efficacy of FES has been traditionally questioned. However, knowing that the majority of 
toddlers who underwent neurosurgical procedures will recover varying degrees of innervation, raise the question can 
FES help recover muscle strength of the re-innervated yet very weak muscles? This short communication focus on 
determining who is a candidate for FES training and how to utilize FES to enhance the recovery and functional use of 
the paretic UE of children with OBPI

Figure 1: Testing the wrist-fingers extensors.

Figure 2: Typical “winging scapula”.
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internally rotates. The cause is damage to the subscapular and/or long 
thoracic nerves. The more unstable the scapula the less the chance of 
using the UE during reaching and over-head daily functions. 

Intervention

Once the determination is made that the child is likely to benefit 
from FES, it is incorporated to enhance the recovery of muscle strength 
and motor control within the framework of normal development. 
For treatment purposes, the pulse rate is increased to induce tetanic 
contraction. Clinical experience suggests that unlike adults, in very 
young children (1-6 years) only 5-10 pulses per sec (5-10 Hz) may 
induce tetanic contraction. Accordingly, it is the clinical observation 
that determines the specific pulse rate needed to induce tetanic 
contraction in each muscle. In general, the pulse rate should be kept 
low to minimize the chance of muscle fatigue. Example of activities can 
be seen in Figure 3.  

However, without restoring joints range of motion, FES is not likely 
to benefit children with OBPI. A critical component of the intervention 
is therefore to provide specific physical exercises to restore or maintain 
mobility of the gleno-humeral, elbow and if needed wrist joints’ range 
of motion. The hyper mobility of the “scapula-thoracic” joint as seen 
in Figure 2 cannot be improved substantially by exercises or FES. FES 
cannot induce contraction of the subscapularis and serratus anterior 
because they are covered by the scapula. At best, FES can activate the 
rhomboids and middle-lower trapezius as seen in Figure 2 and minimize 
scapular upward rotation/elevation during reaching activities. Firm 
stabilization of the markedly unstable scapula will most likely require 
surgery [7].   

Results and Discussion
The first and only reported clinical data using FES to manage 

OBPI was published in 2016 [4]. The author compared a group that 
received 3 months of structured weight bearing exercise program to a 

group that received the same program combined with neuromuscular 
electrical stimulation. Mallet grading system and dual-energy x-ray 
absorptiometry were used to evaluate shoulder function and bone 
mineral density (BMD) respectively. Adding the stimulation program 
resulted in significantly better outcomes.

Conclusion
Babies and children with neuromuscular and functional deficits 

resulting from OBPI should be screened to determine candidacy for FES. 
If the testing indicates sufficient innervation, FES when combined with 
other developmental interventions, may enhance the recovery of muscle 
strength, motor control and functional use of the upper extremity.
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Figure 3: Examples of combining FES with developmentally appropriate exercises/activities.
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