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Brachial Plexus Birth Palsy
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Background

The brachial plexus innervates upper limbs and is
formed by the ventral roots of the 5™-8™ cervical spinal
nerves (C5-C8) and the 1% thoracic spinal nerve (T1). All
peripheral nerves of the upper limb originate from
different parts of the brachial plexus (1). Figure 1 illustrates
the anatomy of this area.

The brachial plexus may be injured during childbirth,
a condition known as brachial plexus birth palsy (BPBP).
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Its prevalence varies in different geographical regions,
ranging from approximately 0.4 to 2 cases per 1000 live
births (2-6). The perinatal risk factors include high birth
weight (macrosomia), gestational diabetes, multiparity,
difficult/ prolonged delivery, shoulder dystocia, and
breech presentation. Following these conditions,
especially shoulder dystocia, the main cause of injury is
cervical traction and brachial plexus stretching. Given that
the most common fetal presentation is left occiput
anterior (LOA), the right side is more affected (7, 8).

dorsal
scapular
artery and
nerve :
nerve to subclavius
" muscle
premoedoiiesnid dorsal scapular
musculocutaneous hetve
neve thoracodorsal upper
nerve subscapular
nerve
median nerve lwer suprascapular }Q
” nerve =
clavicle subscapular :

s P superior lscalene
bracha \ [ | muscle
=3 24 4

lateral inferior’
e R pectorls musculocutaneous nerve
long major osterior
thoracic ectore! B uscle £ )
sematus e " hrenic nerve
anterior|
muscle /
pectorls ) long thoracic nerve
inor
e e median nerve lateral
e } pectoral
g nerve X === Roots(anterior rami)
axillary nerve % I medial medial Trunks
g ulnar nerve Divisions
rib nerve nerve Terminal branches
medial cutaneous
nerve of forearm
fersedvesoughi

Figure 1. The brachial plexus originates posterior to the scalene and sternocleidomastoid muscle, passes posterior to the clavicle. Its terminal branches continue their way to the upper
limb. The plexus is divided into roots, trunks, divisions, cords, and terminal branches. The cords are named based on their anatomic position relative to the brachial artery
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Classification

The plexus injury may be preganglionic and in the
form of avulsion, which is not repairable by surgery and
has a weak possibility of spontaneous recovery. The other
form, postganglionic injury, can appear as neuropraxia,
axonotmesis, and neurotmesis (2) (Figure 2).

Another classification is based on the location of the
involved roots. The most common site of BPBP is C5-C6
roots, also known as Erb’s Palsy. An extended Erb’s palsy
involves the C5-C6-C7 roots. The involvement is mostly
postganglionic in these two types. The most severe type
engages the whole plexus from C5 to T1 (pan-plexopathy).
The rarest type, Klumpke's palsy, happens in the C8-T1
roots and is usually preganglionic.

Diagnosis

The diagnosis of the BPBP is based on clinical
examination. Noticing the patient’s prenatal and perinatal
histories and awareness of the possible risk factors helps
greatly in diagnosis. Decreased and asymmetric neonatal
upper limb reflexes (e.g. grasp reflex and Moro reflex) and
the existence of Horner syndrome hint to the diagnosis of
BPBP (9-11).

However, we should consider the differential
diagnoses of pseudoparalysis, including shoulder girdle
and arm fractures, and shoulder infections (5). Other
possible differential diagnoses are central nervous system
disorders, neuromuscular disorders, and congenital
anomalies. Plain radiography can be helpful in detecting
the shoulder and arm fractures and is an imperative part
of the initial diagnostic evaluation.

During the examination, the following findings are
suggestive of preganglionic avulsion injury: paraspinal
muscles dysfunction (injury of the dorsal branches of the
nerve roots), rhomboid muscles dysfunction (injury of the
dorsal scapular nerve), the scapular winging (injury of the
long thoracic nerve), hemidiaphragm paralysis (injury of
the Phrenic nerve), and Horner syndrome (sympathetic
nervous system injury).

Aggressive imaging assessment (e.g. myelography),
along with other modalities such as computed
tomography (CT) scan and magnetic resonance imaging
(MRI), and a combination of them can help the diagnosis.
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The presence of pseudomeningocele in the imaging
workup is consistent with the preganglionic lesions
(2, 3 ,6). The use of electrodiagnostic studies in BPBP is
unreliable and inexpedient (2, 4).

Finally, based on clinical examinations, BPBP can be
classified into four general categories:

1. Upper roots (C5-C6) palsy (classic Erb-Duchenne
paralysis, Erb’s palsy): it is the most common type
and is associated with limitations in the abduction
and external rotation of the shoulder, flexion of
the elbow, and supination of the forearm. The
wrist and finger movements are in the normal range.
The chance of spontaneous recovery in this group is
very high.

2. Upper roots along with C7 root palsy (Extended Erb’s
palsy): it is associated with limitations of wrist and
fingers extension in addition to Erb-Duchenne
paralysis parameters (waiter's tip position). It has a
worse prognosis than the first group.

3. Palsy of the entire brachial plexus (Pan-brachial
plexopathy): the upper extremity is completely flail
without function.

4. Lower roots (C8-T1) palsy (Klumpke’s paralysis): it is
very rare and is characterized by the normal function
of the shoulder and elbow, with restriction of wrist
and hand movements.

The pan-brachial plexopathy and Klumpke’s palsy may
also be associated with Horner syndrome (miosis, ptosis,
and anhidrosis).

Treatment

Many BPBP cases recover spontaneously within a few
months, since the injury is usually incomplete (12, 13).
Therefore, periodic physical examinations (at least once a
month) using multiple scoring systems such as active
movement scale (AMS) and modified Mallet scale are
required to assess recovery.

Passive range of motion (ROM) exercises should be
started immediately to prevent shoulder and elbow
contracture. If the partial recovery is not achieved by 3
months of life, the complete transection of trunks and
cords, root avulsion injuries, and whole plexus involvement
(especially with Horner syndrome) are plausible (14-16).
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Figure 2. An injury to the spinal roots can be preganglionic (before the spinal ganglion) (A) or postganglionic. B) The neural injury can be caused by compression of the nerve without
disruption of its anatomy (neuropraxis). C) The injury may disrupt the anatomy of some axons without damaging the endoneurium (axonothmesis). D) The most severe neural injury
causes complete disruption of the neural axons, endoneurium, perineurium, and epineurium (neuronothmesis).
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The use and timing of surgery are controversial. Many
surgeons accept the failure of biceps recovery to act as an
antigravity flexion three months after birth as an
indication for microsurgical procedures (2-6, 17 ,18). The
reason for assessment of the biceps function relates to the
fact that it is the only muscle that is exclusively innervated
by the C5-C6 roots.

In the case of partial recovery within 3 months of life,
longer follow-up is advocated. Complete failure of biceps
function recovery by the 6™ month or the child's inability
to place a cookie in the mouth without excessive neck
flexion by the 9™ month (positive cookie test), can be a
sign of inappropriate recovery and requires surgical
intervention (19) (Figure 3).

The surgical procedures include:

1. Neurolysis: it has no acceptable effects on its own and
is performed along with other surgical procedures.

2. Neuroma resection and nerve repair: direct repair is
not recommended because of failure to achieve
tension-free coaptation, and the use of a nerve graft,
mainly the Sural nerve, is mandatory.

3. Nerve transfer (neurotization): this method is widely
used nowadays especially in neurotmesis and avulsion
injuries. The commonly used nerve transfers are as
follows (2, 4,18-21) (Table 1).

A) Transfer of a branch of the spinal accessory nerve to the
suprascapular nerve to improve external rotation and
abduction of the shoulder.

B) Transfer of a branch from the radial nerve innervating
the long head of the triceps to the motor branch of the
axillary nerve to improve shoulder abduction.

C) Transfer of an intercostal nerve to the biceps motor branch
of the musculocutaneous nerve to improve elbow flexion.

D) Transfer of a fascicle of the ulnar nerve and/or a fascicle

of the median nerve to biceps and brachialis motor

branch of musculocutaneous nerve to improve elbow

flexion and forearm supination (Oberlin’s procedure).

This transfer can be applied in upper plexus palsy with

intact lower roots.

E) In the case of paucity of donor nerve especially in the
whole plexus palsy, some surgeons use the phrenic
nerve as a source for transfer.

Secondary Musculoskeletal Problems
If the shoulder, elbow, and hand fail to recover

properly, the permanent contractures and subsequent

dysfunction can reduce the quality of life (QOL).

Shoulder
Restriction in external rotation and abduction of the

shoulder following subscapularis muscle contracture is
the most common functional impairment of chronic BPBP
injury. This condition can lead to glenoid changes such as
retroversion and subluxation of the humeral head. MRI
can be helpful to assess glenohumeral deformities. In the
early stages of this situation, in which the morphological
changes are not predominant and the joint is reduced but
subluxable, physical therapy should be performed to
improve the ROM. If the subluxation is reducible, the
mainstay of treatment is the injection of botulinum toxin in
the subscapularis muscle and daily passive external rotation
exercises by occupational therapist and parents.

The follow-up visits should be performed frequently to
assess the shoulder ROM and plan the necessary
interventions at the proper time. In more advanced cases,
surgical procedures are performed. Soft tissue surgeries
include anterior shoulder release, subscapularis muscle
release, and tendon transfer to enhance abduction and
external rotation of the shoulder using latissimus dorsi
and trapezius muscle.
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Figure 3. Suggested approach to a patient with brachial plexus birth palsy (BPBP).

*The timing of microsurgical procedure intervention is controversial and depends on the surgeon’s preference.
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Table 1. Common nerve transfers in brachial plexus birth palsy (BPBP)

Type of palsy
Erb-Duchenne palsy

Suggested nerve transfer
Intercostals to the biceps/brachialis motor branch or Oberlin’s procedure

Spinal accessory nerve to suprascapular nerve
Radial nerve (branch of long head of triceps) to the axillary motor branch

Extended Erb’s palsy

Oberlin’s procedure

Spinal accessory nerve to suprascapular nerve

Intercostals to the axillary motor branch

Medial pectoral or intercostals to the radial nerve

Pan-brachial plexopathy

Intercostals or phrenic nerve to musculocutaneous nerve

Spinal accessory nerve to suprascapular nerve

Klumpke’s palsy

Intercostals to radial nerve
Nerve to brachialis to ulnar/median nerve

Nerve to brachialis/supinator to posterior interosseous nerve

Bony procedures include glenoid osteotomy to correct
retroversion and derotation osteotomy of the humerus
(2,3,5,20,21).

Elbow and Forearm

If elbow flexion is not achieved, tendon transfer
(latissimus dorsi, pectoralis major, and triceps), Steindler
flexorplasty, or free gracilis flap can be used (2, 3).

The forearm supination contracture is due to functional
dominance of forearm supinators over pronators. In the
early stages, there is no radial head anterior subluxation
and it is passively correctable. Therefore, biceps rerouting
(Zancolli procedure), which makes biceps muscle a forearm
pronator, is one of the therapeutic options. Radius
osteotomy, alone or along with ulnar osteotomy, can be
considered in severe contractures or when there is
profound palsy with no functional muscle available, to
place hand in a more functional and| or cosmetic position.
Wrist and Hand

To balance residual wrist and finger movement
limitations, tendon transfer, free gracilis transfer, and
arthrodesis can be helpful (2, 3).

In the end, although obstetric care is improved
nowadays, BPBP is still a challenging problem. Despite
recent advances in surgical treatment and achieving good
results, it is not possible for many patients to attain
complete function. This should be addressed during
parental consultation before initiating treatment.

Conflict of Interest

The authors declare no conflict of interest in this study.
Acknowledgments

None.

References

1. Thompson JC. Netter's concise orthopaedic anatomy.
Philadelphia, PA: Saunders Elsevier; 2010.

2. Cornwall R, Waters PM. Pediatric brachial plexus palsy. In:
Wolfe SW, Hotchkiss RN, Pederson WC, Kozin SH, Cohen MS,
Editors. Green's operative hand surgery. Philadelphia, PA:
Elsevier; 2017. p. 1391-424.

3. Thatte MR, Mehta R. Obstetric brachial plexus injury. /ndian J
Plast Surg. 2011;44(3):380-9. doi: 10.4103/0970-0358.90805.
[PubMed: 22279269]. [PubMed Central: PMC3263264].

4. Shah M, Ganjwala D. Current concept in the management of
brachial plexus birth palsy [Online]. [cited 2018]; Available
from: URL: https://www.intechopen.com/books|treatment-of-
brachial-plexus-injuries/current-concept-in-the-management-
of-brachial-plexus-birth-palsy

5. Jellicoe P, Parsons SJ. Brachial plexus birth palsy. Curr Orthop.
2008;22(4):289-94.

6. Raducha JE, Cohen B, Blood T, Katarincic J. A review of brachial

68

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

plexus birth palsy: Injury and rehabilitation. R 7 Med J (2013).
2017;100(11):17-21. [PubMed: 29088569].

Gilbert WM, Nesbitt TS, Danielsen B. Associated factors in 1611
cases of brachial plexus injury. Obstet Gynecol 1999;93(4):
536-40. doi: 10.1016/s0029-7844(98)00484-0. [PubMed: 10214829].
al-Qattan MM, al-Kharfy TM. Obstetric brachial plexus injury in
subsequent deliveries. Ann Plast Surg. 1996;37(5):545-8. doi:
10.1097/00000637-199611000-00015. [PubMed: 8937610].

Abid A. Brachial plexus birth palsy: Management during the first
year of life. Orthop Traumatol Surg Res. 2016;102(1 Suppl):S125-
S$132. doi: 10.1016/j.0tsr.2015.05.008. [PubMed: 26774906 .

Abzug JM, Kozin SH. Evaluation and management of brachial
plexus birth palsy. Orthop Clin North Am. 2014;45(2):225-32.
doi: 10.1016j.0c1.2013.12.004. [PubMed: 24684916).

Nelson MR, Armenta AH. Birth brachial plexus palsy update.
Curr Phys Med Rehabil Rep. 2014;2:79-85.

Bae DS, Waters PM. Brachial plexus birth palsy: The Boston
children's hospital experience. Semin Plast Surg. 2004;18(4):
275-83. d0i: 10.1055/5-2004-837254. [PubMed Central: PMC2884800].
Pondaag W, Malessy MJ, van Dijk ]G, Thomeer RT. Natural
history of obstetric brachial plexus palsy: A systematic review.
Dev  Med  Child Neurol — 2004;46(2):138-44.  doi:
10.1017/s0012162204000258. [PubMed: 14974639].

Foad SL, Mehlman CT, Foad MB, Lippert WC. Prognosis following
neonatal brachial plexus palsy: An evidence-based review. J
Child Orthop. 2009;3(6):459-63. doi: 10.1007/511832-009-0208-3.
[PubMed: 19885693]. [PubMed Central: PMC2782065].

Hoeksma AF, ter Steeg AM, Nelissen RG, van Ouwerkerk WJ,
Lankhorst GJ, de Jong BA. Neurological recovery in obstetric
brachial plexus injuries: An historical cohort study. Dev Med
Child Neurol. 2004;46(2):76-83. doi: 10.1017/s0012162204000179.
[PubMed: 14974631].

Waters PM. Comparison of the natural history, the outcome of
microsurgical repair, and the outcome of operative
reconstruction in brachial plexus birth palsy. / Bone joint Surg
Am.1999;81(5):649-59. doi: 10.2106/00004623-199905000-00006.
[PubMed: 10360693].

Fisher DM, Borschel GH, Curtis CG, Clarke HM. Evaluation of
elbow flexion as a predictor of outcome in obstetrical brachial
plexus palsy. Plast Reconstr Surg. 2007;120(6):1585-90. doi:
10.1097/01.prs.0000282104.56008.cb. [PubMed: 18040192].
Gilbert A. Management and results of treating obstetrical
palsy in the new-born. Neurochirurgie. 2009;55(4-5):427-31.doi:
10.1016/j.neuchi.2009.09.002. [PubMed: 19793598].

Borschel GH, Clarke HM. Obstetrical brachial plexus palsy.
Plast  Reconstr Surg. 2009;124(1 Suppl):144e-55e. doi:
10.1097/PRS.0b013e3181a80798. [PubMed: 19568147].

Gilbert A, Brockman R, Carlioz H. Surgical treatment of
brachial plexus birth palsy. Clin Orthop Relat Res.
1991;(264):39-47. [PubMed: 1847671].

Haerle M, Gilbert A. Management of complete obstetric
brachial plexus lesions. J Pediatr Orthop. 2004;24(2):194-200.
doi: 10.1097/00004694-200403000-00012. [PubMed: 15076607].

J Orthop Spine Trauma. 2020; 6(3): 65-8.

http://jost.tums.ac.ir


http://jost.tums.ac.ir/
https://doi.org/10.4103/0970-0358.90805
https://www.ncbi.nlm.nih.gov/pubmed/22279269
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3263264
https://www.ncbi.nlm.nih.gov/pubmed/29088569
https://doi.org/10.1016/s0029-7844(98)00484-0
https://www.ncbi.nlm.nih.gov/pubmed/10214829
https://doi.org/10.1097/00000637-199611000-00015
https://www.ncbi.nlm.nih.gov/pubmed/8937610
https://doi.org/10.1016/j.otsr.2015.05.008
https://www.ncbi.nlm.nih.gov/pubmed/26774906
https://doi.org/10.1016/j.ocl.2013.12.004
https://www.ncbi.nlm.nih.gov/pubmed/24684916
https://doi.org/10.1055/s-2004-837254
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2884800
https://doi.org/10.1017/s0012162204000258
https://www.ncbi.nlm.nih.gov/pubmed/14974639
https://doi.org/10.1007/s11832-009-0208-3
https://www.ncbi.nlm.nih.gov/pubmed/19885693
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2782065
https://doi.org/10.1017/s0012162204000179
https://www.ncbi.nlm.nih.gov/pubmed/14974631
https://doi.org/10.2106/00004623-199905000-00006
https://www.ncbi.nlm.nih.gov/pubmed/10360693
https://doi.org/10.1097/01.prs.0000282104.56008.cb
https://www.ncbi.nlm.nih.gov/pubmed/18040192
https://doi.org/10.1016/j.neuchi.2009.09.002
https://www.ncbi.nlm.nih.gov/pubmed/19793598
https://doi.org/10.1097/PRS.0b013e3181a80798
https://www.ncbi.nlm.nih.gov/pubmed/19568147
https://www.ncbi.nlm.nih.gov/pubmed/1847671
https://doi.org/10.1097/00004694-200403000-00012
https://www.ncbi.nlm.nih.gov/pubmed/15076607

