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BACKGROUND: Perinatal brachial plexus palsy (PBPP) is a flaccid
paralysis of the arm at birth that affects different nerves of the brachial
plexus supplied by C5 to T1 in 0.42 to 5.1 infants per 1000 live births.
OBJECTIVES: To identify antenatal factors associated with PBPP
and possible preventive measures, and to review the natural history as
compared with the outcome after primary or secondary surgical inter-
ventions.

METHODS: A literature search on randomized controlled trials,
systematic reviews and meta-analyses on the prevention and treat-
ment of PBPP was performed. EMBASE, Medline, CINAHL and the
Cochrane Library were searched until June 2005. Key words for
searches included ‘brachial plexus’, ‘brachial plexus neuropathy’,
‘brachial plexus injury’, ‘birth injury’ and ‘paralysis, obstetric’.
RESULTS: There were no prospective studies on the cause or pre-
vention of PBPP. Whereas birth trauma is said to be the most com-
mon cause, there is some evidence that PBPP may occur before
delivery. Shoulder dystocia and PBPP are largely unpredictable,
although associations of PBPP with shoulder dystocia, infants who are
large for gestational age, maternal diabetes and instrumental delivery
have been reported. The various forms of PBPP, clinical findings and
diagnostic measures are described. Recent evidence suggests that the
natural history of PBPP is not all favourable, and residual deficits are
estimated at 20% to 30%, in contrast with the previous optimistic
view of full recovery in greater than 90% of affected children. There
were no randomized controlled trials on nonoperative management.
There was no conclusive evidence that primary surgical exploration
of the brachial plexus supercedes conservative management for
improved outcome. However, results from nonrandomized studies
indicated that children with severe injuries do better with surgical
repair. Secondary surgical reconstructions were inferior to primary
intervention, but could still improve arm function in children with
serious impairments.

CONCLUSIONS: It is not possible to predict which infants are at
risk for PBPP, and therefore amenable to preventive measures.
Twenty-five per cent of affected infants will experience permanent
impairment and injury. If recovery is incomplete by the end of the
first month, referral to a multidisciplinary team is necessary. Further
research into prediction, prevention and best mode of treatment
needs to be done.
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La paralysie périnatale du plexus brachial

HISTORIQUE : La paralysie périnatale du plexus brachial (PPPB) est
une paralysie flasque du bras a la naissance, touchant divers nerfs du
plexus brachial innervés par les racines C5 a T1. Cette paralysie survient
dans 0,42 & 5,1 cas pour 1 000 naissances vivantes.

OBJECTIFS : Repérer les facteurs anténatals associés a la PPPB et les
mesures préventives possibles et examiner I'évolution naturelle par
rapport a lissue aprés des interventions chirurgicales primaires ou
secondaires.

METHODOLOGIE : Une recherche dans les publications des essais
aléatoires et controlés, des examens systématiques et des méta-analyses
sur la prévention et le traitement de la PPPB a été exécutée. Cette
recherche a été effectuée dans les bases de données EMBASE, Medline,
CINAHL et Cochrane Library jusqu’a juin 2005. Les mots clés utilisés
étaient brachial plexus, brachial plexus neuropathy, brachial plexus injury, birth
mjury et paralysis, obstetric.

RESULTATS : Il n'existait pas d’études prospectives sur la cause ou la
prévention de la PPPB. Bien que les traumatismes survenant a la
naissance en seraient le plus souvent responsables, certaines données
probantes laissent supposer que la PPPB peut survenir avant
l’accouchement. La dystocie des épaules et la PPPB sont en grande partie
imprévisibles, bien qu’on ait documenté une association entre la PPPB et
la dystocie des épaules, la macrosomie feetale, le diabete de la mere et
l'accouchement instrumenté. Les diverses formes de PPPB, les
observations cliniques et les mesures diagnostiques sont décrites. D’apres
des données probantes récentes, I'évolution naturelle de la PPPB n’est pas
toujours favorable, et on évalue que les déficits résiduels oscillent entre
20 % et 30 %, contrairement au point de vue optimiste antérieur de
récupération complete chez plus de 90 % des enfants touchés. Aucun essai
aléatoire et contrdlé ne porte sur la prise en charge non chirurgicale.
Aucune donnée concluante n’indiquait que lexploration chirurgicale
primaire du plexus brachial était plus efficace qu'une prise en charge
conservatrice pour améliorer le devenir. Cependant, d’aprés les résultats
d’études non aléatoires, les enfants atteints de graves lésions s’en sortent
mieux aprés une reconstruction chirurgicale. Les reconstructions
chirurgicales secondaires étaient moins efficaces que lintervention
primaire, mais elles pouvaient tout de méme améliorer la fonction du bras
des enfants présentant une atteinte marquée.

CONCLUSIONS : Il est impossible de prévoir quels nourrissons sont
vulnérables a la PPPB et donc sensibles a des mesures préventives. Vingt-
cinq pour cent des nourrissons touchés souffriront d’une atteinte et d’une
lésion permanentes. Si la récupération est incomplete a la fin du premier
mois, l'aiguillage vers une équipe multidisicplinaire s'impose. Des
recherches supplémentaires sur les prévisions, la prévention et le meilleur
mode de traitement sont nécessaires.

Perinatal brachial plexus palsy (PBPP), also known as
obstetric brachial plexus palsy, is defined as a flaccid
paresis of the arm at birth with a larger passive than active
range of motion. In the literature, the term obstetric brachial
plexus palsy is mostly used, which carries implications of

causality. For that reason, the term ‘perinatal brachial
plexus paralysis’ would be more appropriate. ‘Erb palsy’ is
only one subtype of PBPP (1). PBPP can be classified as
upper, middle, lower or complete, and the different types
are summarized in Table 1.
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TABLE 1
Different types of perinatal brachial plexus palsy

Brachial plexus Cranial nerves Findings Narakas group
Upper C5, C6 Weakness of shoulder external rotation or abduction of arm and elbow flexion/supination | — Erb/Duchenne
Middle C5, C6, C7 Same as upper plus elbow flexion/supination paralysis and loss of wrist extension Il = Erb/Duchenne
Lower C8, T1 Floppy hand with claw-like deformity Klumpke’s (rare)
Complete C5,C6,C7,C8, T1 Flail arm 1

IV = 1ll + Horner’s

The objectives of the present paper were to review ante-
natal factors associated with PBPP, to review possible pre-
ventive measures and their medicolegal implications, to
highlight that this condition is not as benign as previously
thought, and to review the natural evolution as compared
with primary or secondary surgical intervention.

METHODS

An attempt was made to identify all published randomized
controlled trials, systematic reviews and meta-analyses
evaluating causation, association, prevention and treat-
ment of PBPP. Other types of clinical studies and review
articles were also considered. Electronic bibliographic data-
bases including EMBASE, Medline, CINAHL, Database of
Reviews of Effects and Cochrane Library electronic data-
bases were searched using Ovid (Ovid Technologies Inc,
USA) up until June 2005. Subject headings included in the
search were: ‘brachial plexus’, ‘brachial plexus neuropathy’,
‘brachial plexus injury’, ‘birth injury’ and ‘paralysis, obstet-
ric’. Subject headings were modified for each database and
were expanded to include narrower terms. The search strat-
egy was designed to limit citations to those considering
paediatric populations. Bibliographies of identified publica-
tions were examined for further relevant studies. The search
was not limited by language or publication status.

INCIDENCE
The incidence of PBPP has been reported to be between
0.42 and 5.1 per 1000 live births. The reports of the largest

populations found incidences between 0.42 and 1.5 per

1000 live births (1-3).

PATHOGENESIS

Various types of nerve injury

There are different degrees of nerve injury classified accord-
ing to the severity of damage to the axon (4,5). The mildest
form, neurapraxia, is a temporary conduction block due to
damage to the myelin sheath at the site of injury, and func-
tion usually returns within weeks. In a more severe form,
axonotmesis, nerve fibres are disrupted, but the myelin
sheath remains intact. The function often returns within
months, although the recovery may not be complete. In
neurotmesis, the nerves have been totally disrupted and the
fibres have to regenerate to function again. In this case, the
recovery is seldom complete. The nerve root may be
avulsed from the spinal cord, often with the dorsal root gan-
glion displaced outside the spinal canal, with no chance for
recovery.
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Risk factors

PBPP has generally been thought to be the result of exces-
sive lateral traction on the brachial plexus at the time of
delivery. However, there is some evidence that PBPP may
also be the result of an in utero insult (6), or may be related
to the process of labour itself, rather than to the manage-
ment of the delivery (7,8). Gilbert et al (2) reviewed
1611 cases of PBPP and found that 47% of cases did not
involve shoulder dystocia or downward traction on the
brachial plexus. The retrospective nature of that study and
the difficulty in objectively defining shoulder dystocia may
have led to ascertainment bias and to under-reporting of
shoulder dystocia. They also noted that 60 cases of PBPP
were associated with delivery by cesarean section and sug-
gested fetal malpresentation before or during labour as the
possible cause. McFarland et al (9) were the first to note
that cesarean section did not totally eliminate the risk for
PBPP. The occurrence of PBPP after delivery by cesarean
section has now been well described. In the largest survey
ever, Evans-Jones et al (1) reported on 776,618 live births
with an incidence of PBPP of 0.42 per 1000. There were no
predisposing factors in 6% of the cases and only 63% had
shoulder dystocia.

If PBPP were the result of excessive lateral traction on
the brachial plexus as the anterior shoulder passes under the
symphysis pubis, then the injured shoulder should always be
the anterior one. However, Walle et al (10) reviewed 170 cases
of PBPP and found that one-third of all injuries involved
the posterior arm, which could be explained by impaction
of the posterior shoulder on the maternal sacral promontory.
In a historical review on Erb palsy, Sandmire and DeMott
(11) suggested that maternal propulsive forces are the most
likely cause of PBPP.

Recognized obstetric risk factors for PBPP, including
shoulder dystocia (OR 340; 95% CI 47 to 897), birth
weight greater than 4.5 kg (OR 17.9; 95% CI 10.3 to 31.3),
maternal diabetes (OR 3.2; 95% CI 1.6 to 6.2), midpelvic
instrumental (OR 18.3; 95% CI 5.7 to 59.3) or vacuum
delivery (OR 17.2; 95% CI 5.1 to 58.2), prolonged second-
stage labour (OR 8.3; 95% CI 4.0 to 17.3) and a previous
infant with PBPP, increase the risk 220-fold (2,9,12-17).
Macrosomic infants with birth weights greater than 4.5 kg
born to mothers with diabetes and delivered by instrumen-
tal vaginal delivery have been reported to be at highest risk
for PBPP (2). However, although the risk is high at 7.8%,
92% of the infants in this group were delivered vaginally
without complications (9), meaning that 92% of the mothers
would have undergone unnecessary surgery if all macrosomic
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infants of diabetic mothers had been delivered by cesarean
section (18). Furthermore, in only 10% to 19% of cases of
PBPP do the historic factors have a predictive value (16,19)
and, thus, just a small number of these injuries are poten-
tially preventable.

The strongest predictor of PBPP is birth weight (9,12)
and yet, antenatally, fetal weight has limited value in pre-
dicting who will develop PBPP (20). Although early induc-
tion of labour for suspected fetal macrosomia in nondiabetic
women results in a lower birth weight than in a control
group, there is no reduction in the rate of cesarean section,
shoulder dystocia or permanent brachial plexus injuries
(21,22). In diabetic women, intensified management of ges-
tational diabetes succeeded in reducing the rates of cesarean
section and shoulder dystocia, but the rate of PBPP
remained the same (23). When combining the two strate-
gies (ie, controlling fetal weight by intense management of
maternal diabetes and delivery by cesarean section if the
estimated fetal weight was greater than 4.25 kg), the occur-
rence of shoulder dystocia in the 1377 patients was 1.5% as
compared with 2.8% in the control group (OR 1.9; CI 1.0 to
3.5), but the incidence of PBPP remained unchanged (24).
There was an increased rate of delivery by cesarean section
without a decrease in birth traumas. Although that study
may have had a risk for type Il error, the majority of PBPP
occurred in infants with a birth weight less than 4.0 kg and
without maternal diabetes. This indicates that, although risk
factors for PBPP should alert the clinician, the complexity of
the problem does not make it suitable for rigid treatment
protocols, and management decisions are best individualized
on a case-by-case basis with expert clinical judgment.

[t appears that PBPP in the absence of shoulder dystocia
occurs by a different mechanism (25,26) and is a distinct
entity. In infants with PBPP, but without shoulder dysto-
cia, birth weight is smaller and the rate of persistence at
one year of age is significantly higher (ie, 41.2% versus
8.7%) and affects the posterior shoulder more commonly,
suggesting an in utero mechanism, possibly from pressure of
the shoulder against the bony maternal pelvis (27).

In summary, although up to two-thirds of the cases of
permanent PBPP involve shoulder dystocia, excessive lateral
traction at the time of the delivery does not explain all cases.

DIAGNOSIS

Clinical findings

The upper trunk of the brachial plexus (C5 and C6) is most
frequently injured, resulting in Erb palsy, which is charac-
terized by the ‘waiter’s tip’ posture (28) (Figure 1). This is
due to the weakness of the abductors and external rotators
of the shoulder, flexors and supinators of the elbow and
radial extensors of the wrist, all supplied by the upper trunk,
with preservation of internal rotators and adductors, elbow
extensors and wrist flexors, all supplied by the middle trunk
and C7. Associated phrenic nerve damage may cause
diaphragmatic paralysis. In addition to being the most com-
mon form of PBPP, Erb palsy carries the best prognosis of
recovery. Total plexus palsy (C5 to T1) presents with total
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Figure 1) Erb palsy of the right side with typical ‘waiter’s tip” posture

paralysis of the arm and hand (28,29) and is often associated
with Horner’s syndrome, and has a less favourable outcome
(30). Klumpke’s palsy (C8 to T1), involving only the lower
trunk, is most uncommon in modern obstetric practice,
accounting for only 0.6% of all PBPP (31). These injuries
may cause claw hands, drop wrists and severe loss of hand
function (Table 1).

The initial evaluation of the neonate with suspected
PBPP should include a thorough history and physical exam-
ination with particular emphasis on signs of concurrent
injuries and consideration of differential diagnoses.
Effective communication with the infant’s parents on these
findings and their implications are paramount (32).

One should observe for signs of respiratory compromise,
suggesting phrenic nerve injury. The upper extremities are
inspected for asymmetry in size, temperature, position and
posture. Detecting the presence of fractures of the clavicles,
humeri and ribs, or shoulder dislocation is important. The ini-
tial examination includes an assessment of range of motion,
observation for spontaneous motor activity and presence and
symmetry of deep tendon and Moro reflexes. Response to sen-
sory stimulation is evaluated. The head and neck should be
examined for Horner’s syndrome, signs suggesting damage to
other regional nerves and the presence of torticollis (33).

Ancillary diagnostic aids

Diagnostic imaging may assist in the initial evaluation. A
chest x-ray and ultrasound of the diaphragm may reveal evi-
dence of phrenic nerve palsy (34,35). X-rays of the cervical
spine, clavicle and upper extremity can assist in identifying
fractures and congenital malformations (13,36). If a lesion
of the central nervous system is suspected, evaluation with
magnetic resonance imaging is appropriate (37-39).

Differential diagnosis
The differential diagnosis of congenital brachial plexus palsy

includes fracture of the clavicle or humerus (resulting in
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pseudoparalysis) (40), osteomyelitis (41), sepsis of the
glenohumeral joint, arthrogryposis, brachial neuropathy
secondary to sepsis (42), lesions of the spinal cord (43) and
cerebral palsy (44).

TREATMENT

Prevention

Shoulder dystocia continues to represent a largely unpre-
dictable obstetric emergency. Cesarean section has been
associated with a lower risk for PBPP (12,45). However,
3695 elective cesarean sections would be needed to prevent
one permanent case of PBPP among those nondiabetic
mothers who carry a fetus with an estimated weight of
greater than 4.5 kg (18). It is therefore unlikely that
prospective studies of either shoulder dystocia or PBPP can
possibly ever be performed. Because there is currently no
accepted method to objectively quantify ‘excessive’ lateral
traction, the mere occurrence of PBPP should not be taken
as clear evidence of medical negligence.

Natural history
Understanding the natural history of PBPP is important in
providing a prognosis and evaluating potential therapies,
especially brachial plexus exploration and surgical repair.
Reported rates of recovery vary significantly (46-53).
Pondaag et al (54) recently published a systematic review on
this topic, including studies done up until 2001. They con-
cluded that there were insufficient data to describe the natu-
ral history of PBPP. They identified potential causes for the
variation in outcome data, including referral and selection
bias, retrospective study design, heterogeneity of plexus
injuries, and variable use of evaluation measures and defini-
tions of outcome. Studies with the highest methodological
quality found residual deficits in 20% to 33% (46,55,56) of
cases compared with previous reports suggesting 90% of
patients showing full recovery (54). Recent evidence suggests
that the natural history of PBPP is not all favourable.

Bisinella and Birch (8) studied children with PBPP reg-
istered with the British Paediatric Surveillance Unit
between 1998 and 1999. Seventy-four of these children
were referred for tertiary care and prospectively followed for
24 to 36 months. Recovery to ‘normal or near normal’ levels
occurred in 52.7% of patients. Nine patients (12.2%)
underwent brachial plexus surgery and 20 patients (27%)
required surgical correction of a secondary shoulder defor-
mity. Evans-Jones et al (1) reported on 276 confirmed cases
from the British Paediatric Surveillance Unit from the same
time period. At six months, 52% of children with PBPP had
recovered fully. Of those remaining, 46% failed to recover
complete function in any muscle group in the affected arm
and 2% showed no recovery. Hoeksma et al (56) reported a
historical cohort study involving 56 children with PBPP of
whom only 66% demonstrated complete neurological
recovery.

Long-term sequelae may include muscular weakness,
abnormal posture, bony deformity (57), shoulder and elbow
contractures (58), dislocation (59,60) and shortening of the
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involved arm (61). Surprisingly, severe loss of sensory func-
tion and long-term chronic pain are uncommon (62).
Accidental contact burns (63) and self-mutilation (64)
have been reported in children with total plexus injuries.
Failure to use the involved arm in spite of good motor
recovery has been attributed to developmental apraxia (65)
or to agnosia (60). Developmental and behavioural prob-
lems have been described in children with PBPP, particularly
in those with more severe injuries (67).

PBPP is therefore not a benign condition, and the previ-
ous optimism for spontaneous recovery is not supported by
the current literature. A high level of dissatisfaction has
been reported among parents of children with PBPP, partic-
ularly with respect to receiving inaccurate and misleading
information from health care professionals regarding the
prognosis (32).

Prognosis and assessment

Children who show early improvement tend to go on to
full recovery, with no limb discrepancy in function. It is
expected that patients with neurapraxia will show com-
plete recovery by one month of age (68). Those who
recover later tend to have incomplete recovery of function.
Despite having an incomplete recovery, many children will
go on to have useful function of the limb without primary
exploration and reconstruction (52,53). Others do better
with surgery.

The essence of decision-making is to identify those
infants who will have a better outcome with primary sur-
gery than with conservative management. The patient with
early full recovery clearly does not need surgical exploration
and repair. Conversely, those with Horner’s syndrome and
total palsy do require surgical intervention (30,68-71). For
the other children with incomplete recovery it is more dif-
ficult to predict whether they will benefit from primary sur-
gery (68,69). Unfortunately, this decision needs to be made
early to optimize the potential for a good surgical result.
Prediction of prognosis and early surgical decision-making is
multifaceted, relying on history, electrodiagnostics, radi-
ographic studies and, most important, physical examination.

Gilbert et al (72,73) pioneered much of the prognostic
data by analyzing large series of patients. In their reviews,
biceps and deltoid function had the most predictive value.
Narakas divided patients into three groups: those who
started recovery before three weeks did fine, those who
started recovery between three weeks and two months often
required secondary surgeries, and those who began recovery
after two months required early exploration (71).

The modified Mallet Classification, Toronto Test Score
and Active Movement Scale (64) are reliable instruments
for assessing upper extremity function in patients with
PBPP. A commonly used assessment tool is the Active
Movement Scale of The Hospital for Sick Children
(74,75). Fifteen different movements in the affected arms
are assessed and scored on an eight-point scale. The infant
is enticed to move using a variety of play stimuli. The eight
gradations allow for discrimination of movements. This tool
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also allows for comparison of children who have surgery with
those who are treated conservatively, and it allows for
comparison of pre- and postoperative results. Using the
Active Movement Scale, elbow flexion and extension,
wrist extension, and finger and thumb extension are
scored. If children do not reach a preset score by three
months of age, surgery is recommended. Children who
pass at three months and are followed conservatively are
retested at nine months for improvement of elbow flexion
using the ‘cookie test’. With the child sitting, a cookie is
given. If the child can get the cookie to his or her mouth
with the elbow held at the side and less than 45° of neck
flexion, the elbow flexion is deemed adequate and surgery
is not indicated. Failure to get the cookie to the mouth is
an indication for primary exploration and repair of the
brachial plexus.

Electrodiagnosis is often used to identify the level and
extent of the lesion (76-78). There remains controversy as
to whether nerve conduction studies and needle elec-
tromyography, typically performed at three months of age,
are helpful in predicting recovery or selecting patients for
reconstruction (51,79-82). Needle electromyography tends
to overestimate recovery, due mostly to technical difficul-
ties in examining infants and to the density of motor fibres
in infants (51). As long as the factors unique to paediatric
electromyography are taken into account, experienced
paediatric electrophysiologists can help to select patients
for surgical exploration (83).

Computed tomography myelography and magnetic reso-
nance imaging may be used in surgical planning, although
their value is controversial (38-40,84,85). Clinical exami-
nation remains the most valuable means of assessing the
severity and location of injury (77,83).

Nonoperative management

Prognosis is uncertain in the first four weeks (56). Any
infant who does not recover completely after four weeks
should be referred to a centre with special expertise in man-
aging PBPP. These children benefit from the care of spe-
cialized multidisciplinary teams who can provide ongoing
evaluation using standardized assessments and guidance for
potential therapies.

The goals of conservative therapy are to prevent contrac-
tures, dislocations, muscular imbalance and maladaptive pat-
terns of movement, as well as maintaining range of motion
and optimizing functional use of the affected extremity.

Published evaluations of conservative therapy are lim-
ited to predominantly retrospective studies. Ter Steeg et al
(86) published a review of this literature. Although meth-
ods of therapy have changed over time, prospective clinical
trials of nonoperative treatment are absent from the litera-
ture. Currently, patients with PBPP receive range of motion
and strengthening exercises, facilitation of functional pat-
terns of movement, sensory awareness activities, and, when
appropriate, static and dynamic splinting (87). Parents are
encouraged to carry out the majority of exercises at home.
Therapies including the use of botulinum toxin to weaken
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overpowering of the antagonist muscles and neuromuscular
electrical stimulation to strengthen reconverting muscles
have been suggested but require further investigation in
clinical trials (88-91). Parents should be instructed in how
to take care of the affected arm with respect to minimizing
discomfort in the immediate neonatal period. We found no
evidence that prolonged immobilization improves recovery
or prevents further injuries.

Primary surgical exploration of the brachial plexus

Primary reconstructive techniques include neurolysis, nerve
grafting and neurotization. Neurolysis involves resecting
scar tissue from around the nerve (extraneural neurolysis)
and from within the nerve (intraneural neurolysis). Nerve
grafting is anatomical reconstruction from proximal donors
to distal targets through a nerve graft while neurotization is
nonanatomical reconstruction using either plexus donors
(intraplexal neurotization) or nonplexus donors (extraplexal
neurotization). Examples of extraplexal neurotization
donors include the spinal accessory nerve, phrenic nerve,
intercostal nerves, contralateral C7 and hypoglossal nerves.

The surgical procedure is a lengthy one requiring an
entire day of operating. The dissection can be tedious and
fraught with potential dangers in the scarred posterior tri-
angle. Reconstruction involves neuroma resection and
interpositional nerve grafting using sural nerves, intercostal
nerves and spinal accessory nerves. The nerves are anasto-
mosed using fibrin tissue glue. This not only shortens the
operating time, but also prevents a foreign body reaction to
the stitch and ensures microsurgical alignment. Further
details of primary surgery for PBPP have been described by
Marcus and Clarke (92).

In the recent systematic review by McNeely and
Drake (93), there was no conclusive evidence for benefit of
brachial plexus surgery over conservative management of
PBPP, resulting in a grade C recommendation. Evidence
from studies published in languages other than English and
those published since McNeely’s review do not substantially
change this level of recommendation (73,94-101). The
methodological quality of studies examining the natural
history of PBPP has been brought into question, limiting
the usefulness of their results as controls when evaluating
surgical outcomes (54). The lack of randomized studies or
cohort studies with adequate control groups, variable inclu-
sion criteria and the absence of blinded functional outcome
measures has hindered the establishment of strong evidence
(102). However, there has been one large series with
encouraging long-term results (103).

Secondary surgery

Secondary reconstructions are inferior to proper primary
intervention (44,104). The role of secondary surgery is to
augment the function that a child has regained either
through primary surgery or through natural healing. It
behooves the clinician to ensure that any transfer, fusion,
tenodesis or osteotomy improves the overall functions of
daily living for the patient.
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TABLE 2
The Hospital for Sick Children Active Movement Scale

Observation

Muscle grade

Gravity eliminated
No contraction
Contraction, no motion
Motion one-half range or less
Motion greater than one-half range

A WO N -~ O

Full motion

Against gravity
Motion one-half range or less
Motion greater than one-half range 6
Full motion

(6]

Reproduced from reference 75

Reconstructive surgery is available for the shoulder,
elbow, forearm, wrist and hand. A recent review by Haerle
and Gilbert (103) of case series of secondary reconstruction
noted improvement of range of motion for patients with
residual deficits with and without primary reconstruction.

One-fifth to one-third of children who have had primary
plexus reconstruction require secondary shoulder surgery to
treat an internal rotation contracture with weakness of
abduction and external rotation (104-106). The three main
types of surgery for the shoulder include contracture releases,
tendon transfers and osteotomy. In general, the type of sur-
gery will depend on the state of the glenohumeral joint,
which is assessed by both physical examination and radio-
logical studies (107,108).

The most common elbow problems are weakness of flex-
ion, static flexion contracture and weakness of extension.
Depending on the type of problem, botulinum toxin injec-
tions, tendon transfers or osteotomies may be beneficial for
recovery.

In the wrist, the most common problem is weakness of
extension with resulting wrist drop and functionally leading
to an inability to open the fingers in extension to grasp
objects. Therapy begins with splinting of the wrist into
extension, with the aim of improving overall function of
the hand. If splinting results in improvement, more perma-
nent solutions, such as tendon transfer, tenodesis or fusion
arthroplasty, can be performed (30). In the child with com-
plete palsy, the forearms may develop a supination contrac-
ture, whereas the child with an upper plexus injury may
present with a pronation deformity.

Postoperative therapy

Postoperative rehabilitation is crucial. Following plexus
reconstruction, reinervation is slow and may be incomplete.
Contractures, dislocations and other deformities, as well as
agnosia, may result from neurological deficit (73,109,110).
These may be prevented or minimized by a rehabilitation
program aimed at maintaining range of motion, and
strengthening and promoting age-related functional skills.
Rehabilitation also has an important role in maximizing
functional recovery following secondary reconstructive sur-

gery (40).
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Children described as having complete neurological
recovery have been shown to encounter subsequent impair-
ment, including limitation in range of motion, contrac-
tures, bony deformities and developmental apraxia
(57,65,86). Therefore, long-term follow-up to monitor
progress and to minimize functional impairment is impor-
tant (111).

Therapists have a crucial role in assessing recovery of func-
tion and to provide ongoing modification of goal-oriented
therapy. Consistent serial examinations should be per-
formed repeatedly throughout a patient’s development
using a validated scale, such as the Active Movement Scale
(Table 2) (74,77,92,112). Other assessment tools have been
developed, including the classification system of Mallet,
which is useful to identify functional or maladaptive pat-
terns of movement in older children; however, it has not
been thoroughly validated. PBPP results in functional
impairments affecting individuals across broad domains of
disability (113,114). Children with PBPP would benefit
from the development of validated outcome measures that
consider the domains of activity, participation, and contex-
tual and environmental factors, in addition to measures of
impairment, as outlined by the International Classification of
Functioning, Disability and Health (115).

CONCLUSIONS
e PBPP is usually due to injuries sustained in the
perinatal period.

® Despite the fact that a number of risk factors have
been associated with PBPP, the neonates who will
demonstrate PBPP cannot be predicted.

e Of affected infants, 75% recover completely within the
first month of life.

® Permanent impairment and disability are experienced
by 25% of affected infants.

e [f a physical examination demonstrates an incomplete
recovery by the end of the first month, referral to a
multidisciplinary brachial plexus team should be
made. The team should include neurologists or
physiatrists, rehabilitation therapists and plastic
surgeons.

e There are no randomized controlled trials to evaluate
nonsurgical management as compared with primary
brachial plexus surgery.

® Primary exploration and reconstruction surgery, if
performed early, can improve the outcome in those
with the most severe injuries.

® Secondary soft tissue and bony reconstruction surgery
may improve function in children with significant
impairments.

e Further studies are needed to prevent injury, improve
prediction of the natural recovery, establish more
precise criteria for surgery and measure the outcome.
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