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Abstract Brachial plexus palsy evaluation and treatment

have grown over the past few decades. In this review

article we will address advances in evaluation and treat-

ment, both surgically and conservatively, as well as new

findings in outcomes, function and theories on central

nervous system involvement. We will also touch on sci-

entific impact other than from the field of medicine.
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Introduction

Management of birth brachial plexus palsy (BBPP) has

evolved dramatically over the past 20 years. There have

been advances in evaluation and treatment, surgical and

otherwise. Improvements in general scientific knowledge

have contributed to this on an anatomical and physiological

basis, perhaps most vividly manifest by improved imaging.

Sciences outside of medicine have also contributed with

mathematical and engineering models of forces, joints and

muscles adding to progress in treatment. Research on

function and outcomes in this field is in early stages of

development.

Evaluation

Evaluations are done with clinical examination, electrodi-

agnosis and imaging. Decisions regarding surgical inter-

vention have been classically made at approximately

3 months of age. A recent study though showed that the

best predictor of a severe BBPP was active elbow exten-

sion and flexion and electromyography (EMG) of the

biceps at 1 month of age [1]. Another study of 48 infants

with BBPP supports this, demonstrating that EMG at

1 month of age was more sensitive than those at 1 week or

3 months. Absent motor unit potentials at 1 month corre-

lated with future absence of clinical elbow flexion [2•].

Another small study showed all children who regained

elbow flexion by 1 month had normal shoulder function,

without functional limitations, but those who regained

elbow flexion after 3 months had restricted shoulder

movement and less efficient use of the arm, as well as

difficulty with ADLs [3]. A comparison study indicated

that electrodiagnostic studies were more sensitive than CT

myelogram for detecting a postganglionic rupture, but the

reverse was true for preganglionic root avulsions [4]. EMG

is also useful in evaluating older children with BPP.

Infraspinatus muscle recruitment on EMG correlates with

active shoulder external rotation as well as muscle volume

on MRI [5]. Surface EMG on the long and short heads of

the biceps during upper extremity tasks and compared to

the contralateral limb showed EMG activity duration was

higher in the long head of the biceps during overhead tasks

in the affected arm. It was theorized that overactivity of

this long head of the biceps may contribute to development

M. R. Nelson (&)

Dell Children’s Medical Center, Pediatric Subspecialty Services,

1301 Barbara Jordan Blvd., Suite 200, Austin, TX 78723, USA

e-mail: mrnelson@seton.org

A. H. Armenta

The Texas Brachial Plexus Institute, 6560 Fannin St., Suite 1804,

Houston, TX 77030, USA

e-mail: art@drarmenta.com

123

Curr Phys Med Rehabil Rep (2014) 2:79–85

DOI 10.1007/s40141-014-0048-z



of elbow flexion contracture as opposed to a more classic

hypothesis of elbow flexor/extensor muscle imbalance [6•].

An intraoperative study of eight patients who had fascicle

transfers showed that those who had a donor fascicle

selected without electrodiagnosis had poorer recovery than

those who had quantitative electrodiagnosis guiding the

selection of the donor fascicles [7].

Other recent studies of clinical distinctions in evaluation

include the finding that clinically active elbow extension at

1 month is a significant predictor of a C5-6 lesion [1] and

that Horner’s syndrome is not proof of a preganglionic C8-

T1 lesion [8]. Decreased glenohumeral portion of shoulder

movement and increased scapulothoracic contribution to

movement in overhead shoulder movements have been

described in children with upper plexus palsy [9].

Biomechanical models are now being used to evaluate

joint forces in children with BBPP. Healthy children have

up to 10� of internal rotation of the shoulder, while many

children with BBPP have internal rotation of approximate

40�. It has been shown that there is an increase in net joint

force at the shoulder in flexion and extension as the internal

rotation position of the shoulder increases, which is

hypothesized as an etiology for joint malformation [10].

Treatment

Consistent therapy exercises are recommended for at least

6 months after diagnosis and for several years for those

with severe palsy and/or surgery. It is recommended that

older children have exercises to build up the involved,

weak muscles and for all children to have range of motion

(ROM) exercises [11]. Splints or orthoses are used in

infants and children with BPP, both from the first weeks of

life as well as postoperatively. These are for positioning to

minimize contractures and to improve biomechanics to

maximize function of the arm [12•].

One study of 319 children showed serial casting

decreases elbow flexion contracture by an average of

30 % but that splinting did not significantly improve the

elbow ROM [13]. A smaller study of 19 patients found

that serial casting and splinting for elbow flexion con-

tracture were both effective in improving contracture;

53 % of their patients were noncompliant with treatment

and lost range of motion during their noncompliant per-

iod [14].

Electrical stimulation on a daily basis has been shown to

improve muscle size and function even in denervated

muscle [15]. Recommendations have been made for start-

ing electrical stimulation as soon as possible after injury,

multiple times a day [12•]. Biofeedback has been described

as useful for treatment of abnormal co-contraction and for

joint position [12•, 16]. Botulinum toxin A has also been

described as useful in this situation [11, 17, 18]. It has been

reported that one injection is often sufficient [11]. Botu-

linum toxin has been used in combination with therapies,

serial casting and constraint induced movement therapy

[12•, 17].

In a study 35 infants with posterior subluxation and

dislocation of the shoulder were treated with botulinum

toxin A at *5 months of age with resultant reduction of

the shoulder joint. This was maintained over time, which

reduced the need for surgical procedures in the majority of

these infants. There were no complications noted with use

of the toxin [19].

Function

Hand function can be severely impaired even in children

with upper plexus injuries. A study of 25 children showed

those with good or excellent shoulder function had hand

function examination results 80 % of that of the unin-

volved hand. They were less accurate and took longer time

to complete the tasks with the difference significantly

worse than the difference for the dominant versus non-

dominant hand in the general population [20]. The

importance of shoulder external rotation in ADLs was

corroborated by a study that limited this motion in unaf-

fected volunteers by use of a custom shoulder orthosis that

limited shoulder movement. There was perceived increased

difficulty during all ADLs tested and higher self report of

disability scores while wearing these external rotation-

limiting orthoses [21].

Evaluating functional tests for children with BBPP

showed that the penny and the button tests were good

predictors of impairment, and the box and block test cor-

related with stereognosis [22].

Pediatric outcome data collection instrument (PODCI)

scores for children with BBPP are lower than age-matched

peers in both global scores and upper extremity function,

showing a decrease in activity and participation compo-

nents [23]. A study of 23 children who underwent shoulder

external rotation tendon transfers compared preoperative to

1-year postoperative studies. This showed that active

shoulder abduction improvement, but not passive ROM

changes, correlated with PODCI scores for upper extremity

function and global function [24].

One study of 85 children with BBPP showed 88 %

playing sports, which is similar to the general pediatric

population. They also played similar types of sports and

had similar types of sports injuries [25]. Similarly, in

another long-term study of 70 children, over two thirds

regularly participated in sports, with no significant rela-

tionship between ROM and participation [26].
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Complications/Secondary Effects

An elbow flexion contracture greater than 10� was

observed in approximately half of children with BBPP at

a median age of 5 years. One third of the children had a

contracture over 30�, and another one third of those with

an elbow flexion contracture had an additional upper

extremity contracture. There was no significant associa-

tion with the severity of brachial plexus involvement

[13].

Changes in the arms of children with birth brachial

plexus palsy have recently been described to continue for a

longer time than was previously thought. Seventy children

were followed from 5 years old to the teenage years and

were found to have a slight deterioration of elbow function

over this time period, with 90 % overall showing an elbow

deficit. Some of these showed improvement with use of the

splint but not with surgery. They also commonly had

restricted shoulder external rotation [26].

Bone mineral density is decreased in the affected arm of

children with BBPP. The deficit is more severe with more

severe paralysis. Weight-bearing exercises improve the

deficit [27].

Torticollis is commonly noted in BBPP, with 43 % at

presentation, with recovery in 62 % by 5 weeks and no

correlation with severity of BBPP [28].

Two large long-term studies showed none of the chil-

dren with BBPP developed scoliosis [11, 26]. Abnormal

growth of the affected arm and lack of cortical integration

add to muscle pathology in BBPP [11].

Central Nervous System (CNS)

Brain reorganization after brachial plexus palsy is a recent

topic of intense investigation. An early small study showed

no contralateral brain activation on functional magnetic

resonance imaging (fMRI) in a paralyzed arm mentally

performing a motor task after BBP. Then there was sym-

metrical cerebral activation on fMRI several years after

treatment, which was interpreted as recovery of neural

input and output [29]. A later study looked at this with

more time points throughout the recovery. The first fMRI

was done at 0–5 months post injury, then follow up at

12 months, then 3 and 4 years post injury. They were to

flex and extend the elbow, imagining the movement if they

were unable to do it physically. They showed decreased

activation in the contralateral sensory motor cortex at the

first fMRI, which decreased even more by 1 year post

injury. This was felt to be due to the lack of neural input

and output. By the third fMRI, the activation was increased

and even more so by the fourth MRI, except in those rare

cases where there was no clinical recovery. This was felt to

indicate brain reorganization associated with peripheral

changes in injury and recovery [30•].

Neuropathic pain is commonly reported in adults and

older children after traumatic brachial plexus injuries. It is

not generally described after birth brachial plexus injury

[11, 12•, 31]. It has been hypothesized that this is due to

increased central nervous system plasticity and possibly

cortical reorganization [12•, 31]. Excellent sensory recov-

ery in BBPP has also been attributed to the same etiology

[12•, 31].

Quality of Life (QOL)

A pilot study on quality of life (QOL) showed that most

teens and their parents reported good overall QOL despite

residual impairments. Functional and aesthetic factors were

responsible for most QOL differences. Understanding

patient expectations and QOL can help guide care [32].

Medical decision-making for teens must be multifaceted

with both patient- and system-dependent factors. Four key

items described for the families were knowledge acquisition,

multidisciplinary care, adolescent autonomy, and patient

expectations and treatment desires. Parental decisions were

heavily influenced by system-dependent factors [33].

The impact of birth brachial plexus injury on parents has

recently been studied. Parents are moderately affected by

this socially, personally and financially. The age of the

child and roots involved were not found to make a differ-

ence in the degree of impact [34]. As this is clarified fur-

ther, more specific social support can be given.

Surgical Access

It has been estimated that 4–34 % of infants with BBPP

have deficits requiring surgery. It was hypothesized that

this is undertreated and that insurance status may have an

impact on this. Surgical utilization rate increased from

1.1 % in the early 1990s to 3.2 % in 2006. Treatment

varied significantly with insurance status, from 3.8 % for

those with private insurance, 2.9 % for those with Medic-

aid and 0.7 % for those who are self pay, supporting the

concern about limited access to care for the uninsured and

underinsured [35].

Surgical Approach

Surgical Intervention

The decision [36] to perform a surgical intervention for

children with obstetrical brachial plexus injuries has been
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consistent throughout our experience with treating these

patients. A protocol established at Texas Children’s Hos-

pital that followed the general recommendations of Gilbert

[37] and other corroborating investigators at the time has

been implemented at The Texas Brachial Plexus Institute

with a few modifications. Our recommendations are to

perform primary reconstructions when patients meet any of

the following criteria: (1) the patient has total paralysis of

the arm without improvement at 3 months of age; (2) the

patient has no biceps function at 3–6 months of age; (3) the

patient has no active movement or less than antigravity

movement of the arm at 3–6 months of age. Patients pre-

senting to our center after the 3–12-month window are

evaluated and if they meet any of the above criteria are

scheduled for surgery. Patients who present with obstetric

injuries after 12–18 months of age are no longer candidates

for primary reconstructions as the timing of nerve regen-

eration and motor end plate atrophy has lapsed [38]. These

patients are then evaluated for secondary reconstructive

procedures.

Primary Operative Innovations

The surgical approach at The Texas Brachial Plexus

Institute is done by utilizing a two-microsurgeon team for

initial dissection and exploration in addition to harvesting

and grafting of nerves. This approach has facilitated the

surgical procedure and made intraoperative nerve testing

and grafting much more integrated and time efficient.

During the dissection, meticulous care is taken utilizing

5.59 magnification loupes and the use of the Checkpoint

Stimulator to help identify all aspects of the brachial plexus

and surrounding nerves safely. Initial dissection, identifi-

cation and testing of the brachial plexus at Texas Children’s

Hospital previously required the use of a neurosurgeon and

an electrophysiologist. We now utilize the Checkpoint

stimulator to help delineate the plexus anatomy quickly and

effectively, decreasing the operative time significantly. An

electrophysiologist experienced in this area is rare and if

available is recommended. If not, then this stimulator also

assists in evaluating motor nerve and muscle function. An

experienced electrophysiologist will properly assess proxi-

mal electrical continuity via somatosensory evoked poten-

tials. If not available, then root ruptures versus root

avulsions are determined grossly by inspection of the

transected proximal nerve root. If the nerve root reveals

good fascicular structure then grafting to the nerve root is

done. However, if the nerve root lacks fascicular structure

an avulsion is diagnosed and another root is utilized or an

extraplexal neurotization is considered. If there is any doubt

of viability to the nerve root, a frozen section of the ques-

tionable nerve root is sent to pathology to evaluate the

suitability of the root for grafting.

The reconstructive strategy at our center has also con-

tinued the strategy established with our work at Texas

Children’s Hospital [39] with a much lower threshold for

excision of a neuroma if the electrical testing does not elicit

a significant muscular response. When a neuroma in con-

tinuity exists, a meticulous neurolysis is performed to all of

the roots, trunks, divisions and branches. Following the

neurolysis either autologous grafts are utilized to bypass

the neuroma or a new nerve allograft is utilized taking care

to ensure minimal graft length with tension-free coaptation

during the bypass.

Until recently, the use of nerve autografts has been the

gold standard for nerve grafting and reconstruction [40].

Numerous nerve conduits, both synthetic and autologous,

have been utilized for reconstructions [41, 42]. However,

none of these attempted conduits have proven as or more

effective than a nerve autograft. A new nerve allograft [43,

44] has been introduced to the market that has allowed us

to have an adjunct to nerve autografts for brachial plexus

reconstructions. We have utilized these nerve allografts to

bypass neuromas successfully in reconstruction cases with

conducting neuromas. In addition, once the allografts and

the autografts have been sutured into position, another

product made from porcine small intestine submucosa, an

axoguard [45], has been shown to decrease epineurial

scarring, remodels into similar epineurium and facilitates

revascularization around the surgically repaired brachial

plexus. These nerve axoguards are wrapped around the

roots, trunks, divisions and branches securing the brachial

plexus and the nerve grafts. Patients then have seprafilm

placed into the incisions to further minimize scarring, and

wounds are then closed. Patients then undergo a 2-week

recovery period in a splint followed by aggressive occu-

pational or physical therapy (OT or PT).

Patients who are found to have nonconducting or poorly

conducting neuromas follow our standard reconstructive

strategy of excision of all of the neuroma and scar, with

resection of the plexus back to normal fascicular anatomy

at the root and trunk/branch level. Reconstruction of the

plexus is then done keeping in mind appropriate donor-

recipient combinations, utilizing one or both sural nerves as

autografts. Nerve allografts are used to maximize the

reconstruction of healthy nerve fascicles since the sural

nerve autografts are frequently not sufficient to completely

graft all of the plexus. These nerve allografts become more

important when the distance for reconstruction exceeds

3–4 cm, thus requiring longer sural nerve grafts, which

limited the total roots that we could previously graft. Now

using both the allografts and the sural nerve grafts ensures

that the entire diameter of the proximal root and its fasci-

cles has contact with a directional conduit for regeneration.

In addition, after the grafting is complete, the entire plexus

is then covered with the axoguards to help minimize the
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loss of sprouting nerve buds and to minimize peripheral

scarring that can compress the reconstructed plexus.

Results to date have shown favorable outcomes with our

reconstructive methods. We have had no adverse effects or

results in the utilization of the nerve allografts or nerve

axoguards. The vast majority of patients presented with

upper plexus involvement C5, C6 and C7 neuromas.

Functional improvement has been seen in all patients,

improving two muscle grades or more to have muscle

activity against gravity. As has been previously seen by

other colleagues such as Gilbert [46], there has been a

subset of patients that have then required secondary pro-

cedures to correct residual deformities.

Secondary Surgical Innovations

We regularly monitor and evaluate our patients utilizing

the Mallet score and the British Medical Research Council

grading system. When patients reach a plateau in func-

tional improvement or regress despite ongoing and

aggressive OT and PT, on average about 18–24 months of

age, secondary surgical procedures are then implemented

depending on each individuals deficits. Previously at Texas

Children’s Hospital, most secondary procedures included

the release of the subscapularis muscle from the scapular

attachments to improve external rotation in addition to

other surgical maneuvers. Patients were then splinted after

surgery for a period of 4–6 weeks followed by OT and PT.

Upon continued follow-up of these patients, some patients

developed a ‘‘freezing’’ of the humerus and the scapula.

Patients are able to abduct their shoulder almost to near

normal range. However, these patients are then unable to

completely adduct their arm as the scapula wings posteri-

orly and limits the complete adduction of the arm. These

arms are also locked in an internally rotated position

without the ability to actively or passively externally rotate

despite aggressive and ongoing therapy.

As a result of these subsets of patients, current studies

have been started to attempt to formulate a surgical plan

with the assistance of a pediatric shoulder specialist to

correct this scapulohumeral fusion. In addition, patients

currently undergoing secondary surgical procedures no

longer have the subscapularis released as previously done.

These patients are then also splinted for a shorter period of

2 weeks constantly and then 2 weeks at night. From our

initial findings, we have not seen any children develop this

scapulohumeral fusion and have continued to demonstrate

the success of shoulder abduction improvement previously

seen at other centers such as those reported by Dr. Gilbert

[46].

Additional attempts to correct defects of external rota-

tion have been addressed by innovative methods of local

muscle transfers such as the trapezius muscle [47] on either

the ipsilateral or the contralateral side [48]. Initial results of

such transfers have shown excellent results in patients that

have not responded to more traditional muscle and tendon

transfers. These patients have shown increased external

rotation from zero to a mean of 20� as reported by Dr.

Elhassan et al. [49]. In patients who also lack shoulder

abduction, the trapezius muscle has been transferred suc-

cessfully to restore shoulder stability in addition to

increasing shoulder abduction, either alone or with other

muscle and tendon transfers of the shoulder [47]. The use

of the trapezius muscle has proven very effective, and

several recommendations exist for its use and inclusion in

reconstructions of the shoulder. The unique nature of the

muscle and its innervation out of the usual zones of injury

have made this muscle very versatile.

Conclusion

Many advances in the evaluation and treatment of children

with BBPP have recently been developed. The scientific

knowledge of the impact of the nervous system, including

the brain, with imaging and other sciences contributing, has

been significant. There have been advances in conservative

and surgical treatments. Functional and longer term out-

come studies are shedding light on more results and will

help direct even more specific care.
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