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ABSTRACT

Ninety-one infants who sustained a brachial plexus birth injury were treated with only physical and occupational therapy.
The children were evaluated at 3-month intervals and followed for a minimum of 2 years. Sixty-three children with an
upper or upper-middle plexus injury recovered good to excellent shoulder and hand function. In all of these children, crit-
ical marker muscles recovered M4 by 6 months of age. Twelve infants sustained a global palsy, with critical marker muscles
remaining at MO-M1 at 6 months, resulting in a useless extremity. Sixteen infants with upper and upper-middle plexus

injuries failed to recover greater than M1-M2 deltoid and biceps by 6 months, resulting in a very poor final outcome, These
data provide useful guidelines for selection of infants for surgical reconstruction to improve ultimate outcome. (J Child

Newrol 2004;19:87-90).

The correct treatment for children sustaining a brachial
plexus birth injury remains controversial. Many physicians
agree that a patient who presents with a global injury that
includes a flail and insensate limb can benefit from early
operative intervention."” On the other hand, a variety of
approaches have been advocated for selecting a treatment
strategy for infants with upper (C5-C6) and upper-middle
(C5-C6-CT) plexus injuries based on the degree of early
motor recovery.”” We report the natural history with regard
to functional recovery in a series of infants, all treated non-
operatively with only physical and occupational therapy, and
confirm that certain patients should be selected for surgi-
cal reconstruction to benefit their ultimate recovery.
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METHODS

Ninety-one infants born at the same institution with a brachial
plexus birth injury were evaluated and treated with only physical
and occupational therapy under the supervision of the first author
over a 7-year-period (1994-2000; Table 1). During this period, there
were 38,589 live births. No neonate with a brachial palsy was
excluded. The patient population consisted of 38 boys and 53 girls,
with an average birthweight of 3850 g. Thirty-six patients sus-
tained an associated ipsilateral clavicular fracture. Seventy lesions
were on the right side. All of the patients underwent sequential com-
plete motor examinations at 3- to 4-month intervals from birth
through a minimum follow-up period of 2 to 5 years. Recovery of
critical marker muscles (deltoid, biceps, triceps, and wrist exten-
sors) was carefully documented at each follow-up using the British
Medical Research Council Muscle Grading Scale (Table 2). Ther-
apy consisted of active, active-assisted, and passive range of motion

Table 1 Incidence of Neonatal Brachial Plexus Injuries

Year Live Births Brachial Plexus Injuries
1994 5470 13
1995 5863 23
1996 5667 12
1997 5471 10
1998 5317 10
1999 5414 12
2000 5387 11
Total 38,589 91
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Table 2. Medical Research Council Muscle Grading System

Observation Grade
No contraction MO
Trace contraction M1
Active movement, gravity eliminated M2
Active movement against gravity M3
Active movement against gravity and resistance M4
Normal strength M5

exercises. Shoulder and hand function were evaluated after 2
years of age using the internationally accepted classifications of
Gilbert and Raimondi (Tables 3 and 4).

RESULTS

Group 1: 12 Infants

These infants presented at birth with a global palsy, includ-
ing a flail and insensate limb. At 6 months of age, no patient
had greater than M1 deltoid or biceps, all patients lacked
active wrist extension, and all patients had persistent exten-
sive hand paralysis. Long-term follow-up showed extensive
limitations throughout the extremity with minimal func-
tional use (Figures 1 and 2).

Group 2: 63 Infants

These infants presented at birth with a typical Erb’s palsy
posture: shoulder paralysis with the arm held in adduction
or internal rotation, absent biceps, weak triceps, and wrist
extension. At 4 to 6 months, biceps and deltoid recovered
M4-M5. At 3 to 6 months, triceps and the radial wrist exten-
sors recovered M5. At final evaluation, no significant limi-
tations in hand and wrist function were found. Mild
limitations in shoulder range of motion were seen (Figures
3and 4).

Group 3: 16 Infants

The initial presentation at birth was similar to that of group
2. However, minimal spontaneous recovery was noted at 6
months, deltoid and biceps remained M1-M2, and wrist
extension remained MO-M1. At the final evaluation, all chil-
dren had a persistent deformity and functional loss (Figures
5 and 6). In 5 children, recovery of active wrist extension
with reasonable hand function occurred. In 11 children,
the deficit involved the shoulder, forearm, wrist, and hand.

Table 3. Gilbert Shoulder Evaluation

Grade (Function) Clinical Finding

0 (None) Completely flail shoulder

1 (Poor) Abduction = 45; no active external rotation

2 (Fair) Abduction < 90; no external rotation

3 (Satisfactory) Abduction = 90; weak external rotation

4 (Good) Abduction < 120; incomplete external rotation

5 (Excellent) Abduction > 120; active external rotation

Table 4. Gilbert/Raimondi Classification of Impairment of the Hand
in Patients With Obstetric Palsy

Grade

(Function) Criteria

0 (None) Complete paralysis ar slight finger flexion of no
use, useless thumb—no pinch; some or no
sensation

1 (Poor) Limited active flexion of fingers; no extension of
wrist or fingers; possibility of thumb lateral pinch

2 (Fair) Active extension of wrist with passive flexion of

fingers (tenodesis)—passive lateral pinch of
thumb {pronation)

3 (Satisfactory) Active complete flexion of wrists and fingers—
mobile thumb with partial abduction—
opposition intrinsic balance—no active
supination; good possibilities for palliative
surgery

Active complete flexion of wrist and fingers;
active wrist extension—weak or absent finger
extensor; good thumb opposition with active
ulnar intrinsics; partial prosupination

Same as grade 4 (above) with finger extension
and almost complete prosupination

4 (Good)

5 (Excellent)

DISCUSSION

Over the past 20 years, early operative intervention has
gained increasing acceptance as the treatment of choice for
carefully selected infants with brachial plexus birth
injuries.'""* Nevertheless, considerable resistance to sur-
gical treatment still exists based in large part on literature
in which the actual motor recovery is not clearly defined
owing to the lack of consistent and reproducible criteria for
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Figure 1. Group 1 (C5-T1): evolution of shoulder function global
injury (n=12).
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Figure 2. Group 1(C5-T1): evolution of hand-wrist function global injury
(n=12).

Based on the natural history of spontaneous recovery
by 2 years of age in the patients presented, three important
conclusions can be drawn. First, children with global injury
(group 1) are doomed for life with a useless limb unless some
degree of extremity function can be restored. Published
reports confirm that early nerve reconstruction can clearly
provide a significant number of infants with useful hand
motor function, protective sensibility, and elbow flexion
and a stable shoulder.'” The degree of recovery depends on
available intra- and extraplexal donor nerves. Usually, this
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Figure 3. Group 2 (C5, C6, = C7): evolution of shoulder function
{n = 63).
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Figure 4. Group 2 (C5, C6, + C7): evolution of hand-wrist function
(n =63).
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results in the potential for later muscle tendon transfers and
other reconstructive procedures. Second, children with a
neuropraxic injury will demonstrate a rapidly progressive
motor recovery during the first 3 to 4 months of life, and by
6 months of life, the results of a careful examination in the
sitting position will demonstrate potential for almost full
recovery. Although some of these children with a seem-
ingly complete neurologic recovery will develop a shoulder
contracture or subluxation during growth, careful ongoing
monitoring will allow prompt intervention to minimize the
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Figure 5. Group 3 (C5, C6, + C7): evolution of shoulder function
{n=186).
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Figure 6. Group 3 (C5, C6, + C7): evolution of hand-wrist function
(n=16).
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deformity and functional loss.!"" Third, infants with poor
recovery of biceps, deltoid, and wrist extensors at 3 to 6
months of age will undoubtedly have sustained a neu-
rotemetic or a dense axonotemetic lesion and, like the
infants in group 1, will be faced with a severe impairment
limited not only to the shoulder but also potentially to the
hand and wrist. The data regarding group 3 infants compared
with those of group 2 confirm that although many C5, C6,
+ (7 lesions will make a reasonable recovery, in some
infants, the functional outcome will be extremely poor."”
Available data on children who have undergone early
surgery by experienced surgeons suggest a very worth-
while benefit from early microneurosurgical reconstruc-
tion. 751 Unfortunately, early microneurosurgical
reconstruction was not available to any of these children.
Although the observations presented are in large part con-
sistent with the observations of Nehme et al,'” we did not
find any cases in which the indication to intervene surgically
would have changed after 6 months of age. This information

on the natural history of the injury without surgical inter-
vention provides a basis to both compare with future sur-
gical outcome data and to help refine further the selection
methods for various treatment options.
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