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Background Brachial plexus injuries (BPI) cause severe physical disability and major
psycho-socioeconomic burden. Although various countries have reported BPI inci-
dence, the data from Indonesia as the fourth most populated country in the world
remains unknown. We aim to assess the distribution of traumatic BPI, patients’
characteristics, and treatment modalities in Indonesia.

Methods A retrospective investigation was performed comprising 491 BPI patients at
a tertiary referral hospital in Indonesia from January 2003 to October 2019. Demo-
graphic and outcomes data were retrieved from medical records.

Results The average BPI patients’ age was 27.3 + 11.6 years old, with a male/female
ratio of 4.6:1. Motorcycle accidents caused the majority (76.1%) of all BPI cases.
Concomitant injuries were present in 62.3% of patients, dominated by fractures
(57.1%) and brain injuries (25.4%). BPI lesion type was classified into complete (C5-
T1, observed in 70% patients), upper (C5-C6, in 15% patients), extended upper (C5-C7,
in 14% patients), and lower type (C8-T1, in 1% patients). The average time to surgery
was 16.8 months (range 1-120 months), with the majority (76.6%) of the patients was
operated on six months after the trauma. Free functional muscle transfer (FFMT) was
the most common procedure performed (37%). We also analyzed the functional
outcomes (active range of motion (AROM) and muscle power), DASH (Disabilities of
the Arm, Shoulder, and Hand) score, and VAS (Visual Analogue Scale) across four most
frequent procedures involving nerve reconstruction (FFMT, nerve transfer, external
neurolysis, and nerve grafting). We found that FFMT was significantly better than nerve
transfer in terms of DASH score and VAS (p=0.000 and p=0.016, respectively) in
complete BPI (C5-T1). Moreover, we also found that nerve grafting resulted in a
significantly better shoulder abduction AROM than nerve transfer and external
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neurolysis in extended upper BPI (C5-C7) (p=0.033 and p=0.033, respectively).
Interestingly, no significant differences were observed in other measurements.
Conclusion This study provides an overview of traumatic BPI patients in a single
tertiary trauma center in Indonesia, expressing the profile of their characteristics and
functional outcomes after surgical procedures.

Brachial plexus injury (BPI) is one of the most devastating
injuries affecting the upper limb, leading to functional
impairment, physical disability, socioeconomic burden,
and psychological disorders that mostly affects young man
in their productive age.'™ A study from Kaiser et al. stated
that the most common cause of BPI cases is trauma, mainly
from motorcycle accidents (67%).% There were 112,771,136
units of motorcycles registered in 2019 in Indonesia, making
motorcycles the most common mode of transportation used
(81.78%) in the country, with annual increment of 6.2%.
Between 2010 and 2019, the incidence of road traffic acci-
dents in Indonesia has escalated by 75.09%, reaching 116,411
accidents in 2019.7-8 The unpleasant trend observed during
the last 10-year period puts motorcyclists in Indonesia as the
most vulnerable group to suffer from road traffic accidents
that can further lead to traumatic BPI.

A study from Narakas® with a total of 1,068 patients obtained
over 18 years formulated the “Law of The Seven Seventies,”
which stated: (1) 70% of BPI cases are caused by road traffic
accidents; (2) 70% of them are from two-wheeled accidents; (3)
70% of patients have associated multiple injuries; (4) 70% of
patients have a supraclavicular lesion; (5) 70% of supraclavicular
lesions have at least one root avulsion; (6) 70% of root avulsions
are in the C7, C8, or T1 root; (7) 70% of patients with lower root
avulsion will experience persisting pain,9 The “Law of the Seven
Seventies” has been frequently quoted and used to compare the
findings and outcomes at various centers.'? Several epidemio-
logic studies have been reported in various countries (China,?
India,'® USA,"" Taiwan,'? and Thailand'?). Despite its massive
population (more than 268 million people in 2019),'* the
incidence of traumatic BPI in Indonesia remains unknown.

Since the 2000s, the number of BPI patients referred to our
center has increased due to the improvement in emergency
management and the referral system development to our
tertiary hospital. These improvements were inseparable
from the role of national health insurance, BPJS (Balai
Penyelanggara Jaminan Sosial), since 2014. From all over
Indonesia, 491 traumatic BPI patients have been referred and
surgically treated at Dr. Soetomo General Academic Hospital
from January 2003 to October 2019. We believe this number
is underestimated because many traumatic BPI patients have
not been presented to the hospital due to common tradi-
tional shaman practices and transportation difficulties aris-
ing from challenging geographical nature of Indonesia.

The main purpose of this epidemiologic study was to
assess the distribution and characteristics of traumatic BPI
patients, their lesion types, treatment modalities, and out-
comes in a large retrospective cohort of patients who under-
went BPI surgery at our institution over a period of 16 years.
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Methods

This retrospective study consists of 491 consecutive patients
who underwent surgical treatment for traumatic BPI per-
formed at Dr. Soetomo General Academic Hospital from
January 2003 to October 2019. The Department of Orthope-
dics and Traumatology of Dr. Soetomo General Hospital in
Surabaya is one of the three referral centers for patients with
severe BPI from all over Indonesia. Information about age,
sex, cause of injury, associated injuries, associated bone
injury, patterns of injury, side of injury, time to surgery,
operative procedure, and outcomes were retrieved from
medical records of inpatients and outpatient clinics.

Patient Selection

Patients were referred from 27 out of 34 provinces in
Indonesia. Written informed consent was obtained from
the patient and approved by the local ethics committee
(Clinical Research Unit of Dr. Soetomo Hospital) following
the guidelines and regulations by ICH GCP. This study only
included traumatic BPI patients in whom careful clinical
examination and neurological evaluation gave an absolute
indication for surgery, without any chances for spontaneous
recovery. Patients who did not undergo surgical procedures
were excluded from the study.

Preoperative Planning

Clinical and neurological assessments were performed on the
patients who presented to the outpatient clinics. Those who came
to the emergency room mostly suffered from multi-trauma
injuries; thus, they were treated comprehensively by a multidis-
ciplinary team to stabilize their general conditions. Stabilized
patients underwent further neurophysiological assessment and
cervical magnetic resonance imaging (MRI). Electromyography
(EMG) and nerve conduction velocity (NCV) examinations were
performed at least three weeks following trauma. Our BPI team
also conducted monthly meetings with the patients and their
families to discuss their clinical, neurophysiological, and radio-
logical progress. We also informed the microsurgical reconstruc-
tion procedures that were planned, performed preoperative
exercise for the donor nerve or muscle, and provided mental
health support. The surgery priority scale was arranged according
to the patients’ time of arrival to the hospital. However, the
patients who suffered from avulsion and subclavian artery inju-
ries were prioritized.

Microsurgical Treatment
We performed microsurgical reconstruction involving nerve
and muscle procedures. Primary nerve microsurgery was



more favorable in early presentation (<6 months) and per-
formed based on clinical, radiological, and neurophysiologi-
cal findings. The choice of primary nerve microsurgery
procedures performed was external neurolysis, nerve repair,
nerve grafting, nerve transfer, and contralateral cervical 7
(CC7) transfer. The main reconstructive procedure was based
on the principles of “no diagnosis, then no treatment” that it
requires nerve lesion exploration to identify the healthy
proximal and distal stumps to determine the appropriate
treatment.'® External neurolysis was performed when the
nerve root, trunk, cord, and terminal branch were found
intact during the supra- and infraclavicular exploration, but
fibrotic changes were present. Meanwhile, the nerve repair
procedure was performed in a clean-cut injury.

Nerve grafting was performed when an intact proximal
stump was found during exploration and was deemed eligi-
ble for grafting. After excision of the injured nerve, the C5
root was grafted to its terminal branch (suprascapular nerve)
and the posterior division of upper trunk brachial plexus
(which formed the axillary nerve) using an autograft donor
nerve from the sural nerve. The C6 root was grafted to its
terminal branch (musculocutaneous nerve) while the C7 was
grafted to the radial nerve; both used the same donor. The C8
and T1 were left unexplored.

In case of no intact proximal stump was found during
initial exploration, a nerve transfer may be indicated when a
potential donor nerve with active motoric physiological
functions was identified in preoperative (e.g., the phrenic
nerve was assessed using clinical and radiologic findings)
and intraoperative (using electrical stimulation) assess-
ments. The donor nerve should have low donor morbidity
after the transfer. Common donor nerve sites were phrenic
nerve (Ph), spinal accessory nerve/CN XI (accessed by a
supraclavicular approach), and the intercostal nerve (ICN).

Intraoperative motoric nerve verification is an essential
part of the nerve transfer procedure. Injured recipient nerves
should be identified and assessed by electrical stimulation to
avoid the cutting of recovering nerves and prevent donor
nerve dissection. The donor nerve was dissected and evalu-
ated for muscle contractility degree with electrical stimula-
tion. The certainty of a tense-free nerve transfer without
postural compensation can be done by freeing both proximal
recipient nerve and distal donor nerve as far as possible.
When considering the reconstruction of brachial plexus
nerve injury, the available donor nerve and priority of
function to be achieved for recovery must be identified.
The highest priority is elbow flexion, followed by shoulder
abduction, shoulder stability, and wrist extension.

The muscle procedure was mostly done by single free
functional muscle transfer (FFMT). Pre-operative chest X-ray
evaluation was performed to assess the diaphragm level.
Symmetrical diaphragm level suggests a healthy phrenic
nerve, which is the primary donor nerve choice for the
FFMT procedure. After the phrenic nerve was identified
during surgical exploration, its eligibility as a donor nerve
was reevaluated using a nerve stimulator. Next, an infracla-
vicular approach was performed to find the thoracoacromial
artery and cephalic vein as the primary sources of revascu-
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larization. As for the muscle transfer, the gracilis muscle was
preferred because of its proximally located neurovascular
pedicle (allowing fast reinnervation) and its long tendon,
which could be secured to the distal muscles for wrist and
fingers stabilization.

The gracilis muscle harvest started with performing
three separate incisions: at the musculotendinous level,
insertion site, and the proximal level to reach the origin
site, motoric nerve branch, and the pedicle. To maximize the
tendon length, a complete-length gracilis muscle (+44 cm)
along with its tendon (+6 cm) was used, which was then
transferred to the clavicle and secured to the extensor carpi
radialis brevis (ECRB) tendon for wrist extension. The free
gracillis muscle origin was attached to the middle third of
the clavicle by suturing it to the bone. Its distal part, which
was attached to the ECRB, was meant for restoring elbow
flexion and wrist extension, considering tendon tension at
the distal attachment. The free gracilis muscle was vascu-
larized by the small-diameter thoracoacromial artery (1.0
to 2.5 mm). Once the end-to-end anastomosis was complet-
ed, we simultaneously evaluated the artery patency and
venous backflow to the cephalic vein. The free vascularized
gracilis was reinnervated by the phrenic nerve. An addi-
tional nerve transfer of the spinal accessory nerve to the
suprascapular nerve to reconstruct shoulder abduction and
external rotation was also performed. Before the skin
closure, the patency of the anastomosed vessels and the
repaired nerve was reevaluated. However, a skin paddle was
not routinely applied.

Outcome Assessment

We assessed and recorded the following outcomes: DASH
(Disabilities of the Arm, Shoulder, and Hand) score, shoulder
abduction active range of motion (AROM), shoulder abduc-
tion MRC (Medical Research Council), elbow flexion AROM,
elbow flexion MRC, and VAS (Visual Analogue Scale) in the
last follow-up visit.

Disabilities of the arm, shoulder, and head (DASH) score
is a widely accepted scoring system to evaluate upper
extremity musculoskeletal conditions. DASH score is a
patient-reported outcome measure (PROM) questionnaire
comprising 30 items to evaluate the entire upper extrem-
ity’s symptoms and functions. Each item consists of five
levels of answers (5=extreme difficulty (unable to do)/
symptoms, 4=severe difficulty/symptoms, 3 =moderate
difficulty/symptoms, 2=mild difficulty/symptoms, and
1=no difficulty/symptoms). A total score is calculated,
with a range of 0 (no disability) to 100 (most severe
disability). Lower DASH scores indicate better outcomes
(fewer disabilities).'®1”

Senior orthopedic surgeons and residents assessed the shoul-
der abduction and elbow flexion AROM as well as muscle power
tests. Active range of motion (AROM) of the shoulder abduction
and elbow flexion was measured using a goniometer and
expressed in degrees, whereas muscle power was evaluated
using MRC (Medical Research Council) grading system. MRC is
the most commonly adopted muscle power grading system for
manual muscle testing (MMT) worldwide. Despite the old age,
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Fig. 1 Total BPI patients in the study period.

its reliability and validity remain relevant up to this day. The MRC
scale comprised six levels of motor power evaluation, ranging
from O to 5 (0=no palpable/observable muscle contraction,
1 = trace contraction/flickers, 2 = active movement with gravity
eliminated, 3 = active movement against gravity but not resis-
tance, 4 = active movement against gravity and resistance, 5=
active movement with maximal resistance/normal muscle pow-
er). A higher score reflects a better functional motor power
outcome.'®1°

Moreover, the pain was evaluated using visual analogue
scales (VAS). Patients were asked to describe their level of
pain on a scale of 0 to 10 (0 indicating no pain while 10
indicating the worst, unbearable pain). The lower scores
reflect a better pain outcome.?%2!

Statistical Analysis

Categorical variables were presented as frequencies and per-
centages (%), while continuous variables were presented as
means with standard deviations. Normality was tested using
Kolmogorov-Smirnov tests. Normally distributed data were
analyzed using one-way ANOVA tests, while abnormally dis-
tributed data were analyzed using Kruskal-Wallis tests to
compare the means among the groups. Post-hoc tests were
performed to identify which groups yielded significant differ-
ences. All of our data analyses were performed using SPSS 26.

Results

Description of Patient Characteristics

Atotal of 491 patients were assessed over a period of 16 years
(average follow-up time 66.78 + 35.39 months). The number
of BPI cases started to increase from 2003, with the highest
number of patients in 2014 and 2016, followed by a reduc-
tion of cases since in 2017 (~Fig. 1). The cases of traumatic
BPI were widespread in Indonesia from the westernmost in
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Year

Aceh to the easternmost in Papua (=Fig. 2), with most cases
came from East Java (59.47%). The population consisted of
403 males and 88 females, with a male/female ratio of 4.6:1.
The cohort’s average age was 27.3 & 11.6 years old (~Fig. 3).

Description of Injury Types and Treatments

Among BPI causes (=Table 1), the majority of injuries were
caused by road traffic accidents (78.3%), with motorcycle
accidents contributed the most (76.1%). In comparison, car
accidents only caused a small portion (2.2%) of traumatic BPI.
Other causes of BPI (10.2%) include: hit by a rifle, cut by a
knife, hit and trapped by a broken wall, and others.

Of all BPI cases, 284 patients (57.8%) had a right-sided
injury, and 207 patients (42.2%) had a left-sided injury.
Concomitant (associated) injuries were present in 62.3% of
patients, consisting of fractures (57.1%), brain injuries
(25.4%), dislocation and sprain (8.4%), chest injuries (3.9%),
and abdominal visceral injuries (1.3%) (=~Table 2). The most
common fracture was clavicle fractures, observed in 25.7% of
patients, followed by lower extremity (20.5%) and humeral
fractures (19.4%) (~Table 2).

Only 115 patients (23.4%) received surgical treatment
within six months following trauma. The time to surgery
was delayed (6-12 months) in 76 patients (15.5%) and late
(more than 12 months) in 300 patients (61.1%) (~Fig. 4). The
average time to surgery was 16.8 months (range 1 to 120
months). Late BPI was indicated for surgery if pain altered the
quality of life significantly. Patients presenting with late BPI
mostly came from outside of Java, and some of them suffered
from multi-trauma injuries.

Moreover, the lesion type of BPI varied widely. Most of the
cases had complete C5-T1 BPI(70%), followed by upper C5-C6
(15%) and extended upper C5-C7 BPI (14%) type. In contrast,
the fewest type of BPI was lower (C8-T1) type (1%) (~Fig. 5).
Among the complete BPI, 43% of them were fully
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postganglionic (including supra- and infraclavicular lesions),
while 27% of them had a preganglionic lesion of the plexus
roots. Upper avulsion preganglionic BPI was suspected when
radiological findings showed an asymmetrical diaphragm,
while lower avulsion of preganglionic BPI was suspected
when Horner syndrome was found. Preganglionic BPI could
also be evident during surgical exploration.

The surgical techniques that we used also varied
(=Table 3). Single FFMT was the most common surgical
procedure performed (35%), followed by nerve transfer
(29%) and external neurolysis (16%). The choice of treatment

strongly depended on the time of presentation to the hospi-
tal after the accident, type of lesion, and BPI severity.

Analysis of Outcomes

We assessed and recorded DASH score, shoulder abduction
AROM, shoulder abduction MRC, elbow flexion AROM, elbow
flexion MRC, and VAS during the last follow-up visit. We
compared the four most commonly performed procedures
relating to nerve reconstruction (nerve transfer, nerve graft-
ing, external neurolysis, and FFMT). However, several
patients were lost to follow-up due to sociogeographical

Journal of Reconstructive Microsurgery ~ Vol. 38 No. 7/2022 © 2021. The Author(s).

515



nerve transfer in complete BPI (C5-T1) (31.97 +50.20 versus
46.39 +22.47, p=0.000). Moreover, FFMT also significantly
reduced pain compared with nerve transfer (2.99+1.70
versus 3.64+1.67, p=0.016). These findings imply that
FFMT leads to better outcomes (fewer disabilities, less
pain) than nerve transfer in complete BPI (C5-T1). Also, we
identified that nerve grafting significantly outperformed
nerve transfer and external neurolysis to restore shoulder
AROM (123.33 +35.12 versus 57.63 +31.46 (p =0.033) and
123.334+35.12 versus 42.50 +-54.39 (p =0.033), respective-
ly) in C5-C7 lesion. However, this result must be interpreted
with caution as the patient numbers for this comparison
were small and varied quite unequally between the groups.

Discussion

Prevalence and Patient Characteristics

This study of 491 BPI cases is a reflection of the current
situation in our institution. However, this number may not
have fully reflected the actual prevalence of BPI in Indonesia,
as the microsurgery center in Indonesia is very limited; thus,
many patients may have been underreported. The numbers
of BPI cases were increasing initially, reaching its peak in
2014-2016. Dr. Soetomo General hospital was the first
tertiary referral center capable of operating BPI cases in
Indonesia, equipped with a comprehensive BPI team con-
sisting of microsurgery orthopedic surgeons and rehabilita-
tion medicine physicians. Currently, one BPI patient per
week is operated on at our tertiary center in Surabaya. The
patient numbers decline observed since 2017 was due to the

Journal of Reconstructive Microsurgery ~ Vol. 38 No. 7/2022 © 2021. The Author(s).
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Table 1 Cause of injury in BPI Table 2 Associated injuries of traumatic BPI
Cause of Injury Number of | Percentage Associated injuries Number of Percentage
patients cases
Motorcycle accidents Brain Injury 78 25.4%
Single motor injury 165 33.6% Minor 12 15.3%
Motorcycle vs motorcycle | 94 19.1% Moderate 42 53.8%
Motorcycle vs car 115 23.4% Severe 24 30.7%
Car Accidents 11 2.2% Rib Fractures 10 3.2%
Falls from height 28 5.7% Flail chest, lung contusion, 12 3.9%
Occupational injury 14 2.9% hemopneumothorax
Obstetric trauma 14 2.9% Abdominal visceral injury 4 1.3%
Others 50 10.2% Subclavian artery injury 1 0.3%
TOTAL 491 100.0% Fractures 175 57.1%
Clavicula 45 25.7%
Scapula 11 6.2%
discrepancies, rfesultmg in only 315 Patlents included in the Humerus 34 19.4%
outcome analysis. The number of patients for each procedure -
. . . . Radius 28 16%
that were included in the outcomes analysis according to
their BPI lesion type is displayed in ~Table 4. Ulna 21 12%
Then, we performed non-parametric Kruskal-Wallis tests Lower extremity 36 20.5%
to compare the outcomes (~Table 5). We found significant Dislocation 20 6.5%
differences in DASH and VAS score in complete BPI (C5-T1)
. . Shoulder 13 65%
and shoulder abduction AROM in extended upper BPI (C5-
C7). When we performed post-hoc tests (~Table 6), we found Elbow / 35%
that FFMT significantly lowered DASH score compared with Shoulder sprain 6 1.9%

development of another tertiary trauma center in Indonesia.
However, the decrease in surgery performed did not neces-
sarily reflect the reduction in new BPI cases; because in
addition to being distributed in three tertiary hospital cen-
ters, the concomitant injuries accompanying BPI also re-
quired more urgent actions. =Table 2 shows a high
percentage of fractures (57%) and head injuries (25%), whose
treatments and rehabilitation will be prioritized. Thus, the
patients and their families often preferred to put off micro-
surgery for nerve and muscle reconstruction. In the end, the
patients came with late presentation (time to surgery was
more than six months in 76.6% of patients) to undergo nerve
and muscle reconstruction surgery.

This study shows that BPI cases occurred mostly in men
who were in their productive age (21 to 30 years). Our result
is in line with several previous studies, which also reported a
high incidence in young male.?>:'%%? The high incident rate
in this age group (21 to 30 years old) was possibly due to
many subjects using motorcycles as their primary vehicles to
commute to work. The second highest incidence was ob-
served in the adolescents (11 to 20 years old), indicating
there might be a lack of supervision and proper education
comprehension regarding driving safety. In 2013, the Head-
quarter State Police of the Republic Indonesia Traffic Corps
reported 56,455 cases of motorcycle accidents among people
in employment; 56,001 motorcycle accidents were caused by
drivers without a valid driving license, and 4,717 cases of
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motorcycle accidents were due to traffic violations.?> Fur-
thermore, although it only accounts for a small proportion
(3.26%), the BPI affecting children (aged 1-10 years old) also
requires special attention as it is often associated with root
avulsions and no pain. However, satisfactory long-term out-
comes were reported when appropriately managed.?*

Injury Types

Several studies from developing countries are similar to ours
and are following two points from the “Law of the Seven
Seventies,” stating that 70% of BPI cases were caused by
traffic accidents, of which 70% were two-wheeled acci-
dents.>%13:25-27 I our study, 78.3% of BPI cases were caused
by road traffic accidents. In contrast, studies from developed
countries reported less than 70% of cases were caused by
motorcycle accidents.”??® The distinction of these results
reflects that two-wheeled vehicles are a more common cause

6-12 months

Profile of Traumatic BPI in Indonesia Suroto et al.

> 12 months

Table 3 Operative procedures performed

Surgery No. of patients Percentage (%)
Single FFMT 172 35.03%
Nerve Transfer 144 29.32%
External Neurolysis 80 16.29%
Flexorplasty 34 6.92%
Nerve Grafting 32 6.51%
Double FFMT 10 2.03%
Trapeziusplasty 10 2.03%
Nerve Repair 7 1.42%
C7 Contralateral 2 0.45%
TOTAL 491 100.0%

of BPI in developing countries. Moreover, Leonard et al. also
reported that the number of blunt traumatic brachial plexus
injuries (BTBPIs) involving unshielded vehicles was signifi-
cantly higher than those involving a shielded vehicle, espe-
cially in rural regions, as unshielded vehicles gave less
protection to the drivers and passengers.?’ In relation to
the mode of injury due to “high speed” motorized accident,
Rhee et al. found that all patients had associated injuries in
addition to their spinal cord injury and brachial plexus
injury. The most common associated injuries were to the
head or face, loss of consciousness, and spine fractures
(especially cervical spine fractures).3°

Our study found that 62.3% of cases had associated
multiple injuries, which is less than the 70% stated by
Narakas.? In these patients, 57.1% of them suffered from
fractures, with clavicle fractures as the most common asso-
ciated injury. Similar results were also reported in other
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Table 4 The number of patients analyzed based on lesion types
and procedures

BPI lesion | Nerve Nerve External FFMT | Total
type transfer | grafting | neurolysis

C5-C6 25 3 12 8 48
C5-C7 19 3 4 7 33
C8-T1 1 0 0 4 5
C5-T1 59 12 18 140 229
Total 104 18 34 159 315

studies.’>?831 Moreover, fractures and ligamentous injuries
affecting the shoulder girdle region were also frequently
found (22.2%). Midha reported that more than 20% of
patients had either shoulder dislocation or sprain.22 These
shoulder girdle injuries were crucial markers for severe
plexus injury. When the supraclavicular plexus was injured
along with a humeral fracture and shoulder dislocation, the
injury was almost always severe. Subclavian artery injury
occurred in one patient in our cohort and was also associated

with severe supraclavicular damage.6 Another common as-
sociated multiple injuries found were brain injuries, rib
fractures, flail chest, hemopneumothorax, lung contusion,
abdominal visceral injury, and subclavian artery injury,
which were consistent with previous studies.>330:32

In our cohort, 70% of patients had complete BPI (C5-T1),
which typically had the worst prognosis, followed by the
upper and lower lesion. Our result is similar to several
studies.®3334 A meta-analysis study by Kaiser et al. also
demonstrated that the typical patient suffering from severe
BPI with closed supraclavicular injury mostly caused com-
plete BPI and less commonly caused an upper plexus palsy.®

Time to Surgery

It is generally accepted that the period between the time of
injury and surgery is crucial. Rapid intervention increases
the ability to restore function, reduce chronic pain, and allow
patients to return to their daily activities immediately.3 A
recent cross-sectional study conducted by Adyaksa and
Suroto found that the time to surgery affected the apoptotic
level occurred at the proximal stump of the brachial plexus
motorneuron. The expression of pro-apoptotic markers

Table 5 Comparison of functional outcomes among four procedures

Outcome Pathology level | Nerve transfer | Nerve grafting | External neurolysis | FFMT p Value
DASH score C5-C6 32.56+17.45 27.33+£12.81 26.68+15.13 40.22 £27.77 0.677
C5-C7 40.17 £17.05 49.60 +34.94 35.98 +£23.87 26.76 +£18.98 0.357
C8-T1 N/A N/A N/A 27.57+24.24 | NJA
C5-T1 46.39 +£22.47 41.75+£26.11 34.59+18.42 31.97 £50.20 0.000"
Shoulder abduction C5-C6 82.80+47.37 86.67 £5.77 107.92+£60.13 53.75+29.00 0.119
AROM C5-C7° 57.63+31.46 123.33+£35.12 | 42.50+£54.39 75.71+£39.10 0.027*
C8-T1 N/A N/A N/A 161.25+19.31 | NJ/A
C5-T1 56.86 +43.76 73.33+60.35 88.33+58.06 58.32+37.23 0.110
Shoulder abduction C5-C6 3.12+0.89 3.33+£0.58 3.58+£1.17 3.13+£0.99 0.621
MRC C5-C7 2.53+0.84 3.33+£1.16 2.00+£1.41 2.86+0.70 0.288
C8-TT N/A N/A N/A 4.50+£0.58 N/A
C5-T1 2.61+£1.13 2.67+1.44 3.33+1.24 2.80+£1.09 0.149
Elbow flexion AROM C5-C6 103.00 +£43.97 113.33 £46.46 121.67 £45.49 108.13 £41.74 | 0.348
C5-C7 103.68 +£39.22 128.33+33.29 | 67.50+£59.09 100.00+32.15 | 0.324
C8-T1 N/A N/A N/A 146.25+12.50 | NJA
C5-T 87.54+43.30 85.42+61.77 104.72 £45.42 81.96+43.39 0.115
Elbow flexion MRC C5-C6 3.36+0.86 3.67+£0.58 3.92+£0.90 3.50+£0.93 0.346
C5-C7 3.37+£0.76 4.00+£0.00 2.75+£1.26 3.43+£0.54 0.264
C8-T1 N/A N/A N/A 4.50+0.58 N/A
C5-T1 3.08+£1.15 3.00+£1.41 3.39+1.24 3.13£1.11 0.677
VAS C5-C6 2.48+1.74 3.33+£2.52 2.08+1.68 2.13+£1.13 0.743
C5-C7 2.42+1.17 2.00+1.00 3.75+1.71 2.43£1.13 0.325
C8-T1 N/A N/A N/A 1.25+0.50 N/A
C5-T1 3.64+£1.67 3.75+£1.60 3.39+£2.15 2.99+1.70 0.012"

Abbreviation: N/A, Data not available.
“Statistically significant (p < 0.05).
?Analyzed using ANOVA test.
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Table 6 Post-hoc tests
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Procedure comparison Shoulder Abduction DASH score of VAS of complete
AROM of extended complete BPI BPI (C5-T1)®
upper BPI (C5-C7)? (C5-T1)P

FFMT vs nerve transfer 0.677 0.000" 0.016"

FFMT vs nerve grafting 0.251 0.331 0.409

FFMT vs external neurolysis 0.475 0.530 1.000

Nerve transfer vs nerve grafting 0.033* 1.000 1.000

Nerve transfer vs external neurolysis 0.873 0.815 1.000

Nerve grafting vs external neurolysis 0.033" 1.000 1.000

Note:
?Parametric multiple comparisons analyzed using Tukey HSD.

®Non-parametric pairwise comparisons; significance values have been adjusted by the Bonferroni correction for multiple tests.

*Statistically significant (p < 0.05).

(Caspase-3, Caspase-8, and Caspase-9) in the proximal
stump biopsy of BPI patients who were operated on in late
presentation (more than six months following trauma) was
significantly higher than those who were operated on in
early presentation (less than six months), suggesting the
importance of performing nerve procedure surgery as soon
as possible for a more desirable result.3® The average time to
surgery in our study was 16.8 months, with the majority of
the patients (76.6%) had delayed or late surgery (more than
six months). This may partly explain the insignificant out-
comes found in our cohorts.

In comparison to several studies from developing coun-
tries, Indonesia has a bigger problem of late presentation of
BPI to the hospital.>'%2> Although the recommendation to
undergo surgery within four to five months was reported
in several developed countries, it is often not applicable in
our patient population.33'36’37 The differences lie in Indo-
nesia’'s economic, educational, and geographical condi-
tions. Indonesia’s socioeconomic and education system is
centered on Java island; thus, there might be a stark
discrepancy between the patients who came from outside
Java and within Java. Moreover, Indonesia itself is an
archipelago country of over 16,000 islands, whose geo-
graphical condition hampers patients’ referral to a trauma
center qualified to manage BPI cases.® As an academic and
tertiary hospital, it is our responsibility to build a center
with microsurgical facilities in other cities in Indonesia and
develop good communication with hospitals in the rural
area so that the BPI cases can be managed better in the
future.3° However, of course, this is not an easy task. Good
collaboration is required from various parties and levels,
starting from the family, community, regional to central
hospitals, and stakeholders.

Treatments and Outcomes

In general, BPI management’s surgical techniques vary from
primary nerve procedures to secondary muscle and/or ten-
don procedures. Nerve procedures include exploration and
external neurolysis, nerve repair, nerve grafting, nerve
transfer, and contralateral C7 (CC7) nerve transfer. Muscle
and/or tendon procedures include single FFMT, double FFMT,

flexorplasty, and trapeziusplasty. Diverse nerve procedure
preference exists in the literature. Dubuisson et al., Li et al.,
and Jain et al. recommended nerve transfer procedures,
while Kandenwein et al. recommended nerve grafting in-
stead.>10:28.36 Nevertheless, Mackinnon observed a rapid
increase of nerve transfer reports in the literature in the
last three decades, shifting nerve graft and nerve repair
aside. Nerve transfer was also suggested as a promising
alternative technique in the future to address nerve inju-
ries.*® Moreover, Chuang recommended the traditional
proximal over the emerging distal nerve transfer as it
requires less cerebral adaptation and offers more accurate
diagnosis, thus results in better outcomes. A combination of
both techniques (with distal nerve transfer as an adjunct) is
helpful, primarily when no adequate donor nerve avail-
able.’ Meanwhile, FFMT is a relatively rare performed
procedure in the literature.

The decision of surgical intervention mostly depends on
the BPI severity and the time to surgery. FFMT was the most
commonly performed procedure in our cohort because many
patients came with delayed presentation (more than six
months after trauma). Moreover, 70% of cases were complete
BPI, of which 38% were avulsion injuries. The other reason for
performing FFMT was the limitation of motor nerve sources.
Nerve transfer was performed when the time to surgery was
less than nine months in postganglionic complete BPI cases,
upper and extended upper BPI, and lower BPIL

Our outcomes (~Table 5 and 6) showed that the elbow
flexion AROM and MRC, the shoulder abduction AROM and
MRC were comparable among four procedures (nerve trans-
fer, nerve grafting, external neurolysis, and FFMT) in all BPI
pathology levels, except shoulder abduction AROM in ex-
tended upper BPI (C5-C7). This finding is surprising, as FFMT
procedure is mostly performed in complete BPI patients with
delayed presentation (more than 6 months), in whom satis-
factory results are previously considered unlikely. The mean
time to surgery of our cohort is 16.8 months, with 15.5%
patients came with delayed presentation (6-12 months) and
61.1% with late presentation (> 12 months); thus, nerve
procedures are no longer indicated, leaving FFMT as the best
option. FFMT is generally a technically demanding
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procedure; nevertheless, our finding showed comparable
results (AROM and MRC) to other nerve procedures despite
FFMT patients’ more complex characteristics.

A discussion that may be of interest to FFMT is the source
of donor nerves. A systematic review comprising 312 FFMT
procedures conducted by Oliver et al. found similar success
rates (i.e., elbow flexion MRC >3) between FFMTs innervated
by spinal accessory and intercostal nerves (65.4% and 64.1%,
respectively).*! Meanwhile, our present study found that
120/159 patients included in the analysis achieved elbow
flexion MRC >3 (success rate 75.47%) by utilizing the follow-
ing donor nerve (sorted in descending order based on our
preference): phrenic, spinal accessory, and intercostal
nerves. However, we did not subdivide them based on donor
nerve source as it is beyond the scope of this study.

The absence of muscle innervation (as seen in BPI) will
lead to muscle atrophy through 3 stages, which can occur in
years period, but it is a definite process, namely: rapid mass
loss along with immediate voluntary function loss; sarco-
meric organization loss; and infiltration of fibrous connec-
tive tissue and fat (muscle fiber degeneration).42 Moreover,
the denervation and reinnervation period is inversely corre-
lated with the muscle contraction recovery process, i.e., the
longer denervation and reinnervation period, the weaker the
muscle contraction is. In fact, motor endplates will experi-
ence critical damage that may lead to irreversible alteration
of the denervated muscle in 12-18 months if sprouts from
the repair site have not reached the muscle by that time.*%#3
Thus, FFMT with gracilis muscle is often used as a salvage
procedure in BPI (especially in delayed presentation or failed
primary procedure) due to the following reasons: having
functional similarities with arm and forearm muscles as well
as microvascular supplies, low morbidity in donor site,
possess a reliable and relatively long motor nerve.*44>
Successful revascularizations in FFMT will lead the gracilis
muscle, a living muscle that requires a shorter reinnervation
period, to regain the elbow and shoulder function. Therefore,
FFMT could result in satisfactory outcomes, which are com-
parable to the other nerve procedures.

We also found that nerve grafting in extended upper BPI
(C5-C7) showed a significantly better shoulder abduction
AROM than nerve transfer and external neurolysis
(p=0.033). Previous studies comparing the outcome of nerve
grafting and nerve transfer in BPI also found that nerve transfer
showed a better outcome.*®=#8 In the early presentation (less
than 6 months), BPI with stretch injury or without root
avulsion, nerve grafting is preferred. Likewise, nerve grafting
is a traditional reconstruction method of postganglionic BPI.*®
Nerve repair using this method could reduce the tension
within the nerve so that the reinnervation process could occur
and even be accelerated.*>>° However, nerve grafting has
several disadvantages, namely: donor site morbidity, the
difficulties in determining the suitable root for grafting,
non-viable nerve stumps, a longer route between the regen-
erating axon and denervated motor endplates.*¢43

Meanwhile, nerve transfer offers additional neurotization
sources, suitable for BPI with root avulsion, facilitates regen-
erating axons closer to the denervated motor endplates
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(faster reinnervation), and no necessity for re-educating
the muscle. Nevertheless, potential drawbacks include re-
duced function or co-contraction of the donor mus-
cle#749-31 In external neurolysis, as long as surviving
axons are sufficient, releasing nerve conduction block will
lead to reinnervation, improvement of axoplasmic transpor-
tation, and axon growth.52 The distinction in our result with
other outcomes could be caused by the unequal number of
patients across the groups; thus, the result may have been
compromised. Nevertheless, BPI is a complicated condition
whose outcomes could be affected by many factors such as
injury mechanism, injury severity, pathology level, concom-
itant injuries, age, comorbid diseases, and physician experi-
ence.>® We should always consider these factors in planning
nerve reconstruction to gain satisfactory outcomes.

Interestingly, an impressive phenomenon was observed in
the DASH and VAS score, in which FFMT resulted in a more
desirable outcome than nerve transfer in complete BPI (C5-
T1). Although the overall elbow and shoulder function
(AROM and MRC) after FFMT was not significantly different
from nerve transfer, the disability level and the pain outcome
following nerve transfer were significantly worse than FFMT.
A comparative study by Potter and Ferris found that primary
gracilis FFMT reinnervated by the distal spinal accessory
nerve (dSAN) resulted in better elbow flexion restoration
than the ulnar nerve procedure. They observed that all
patients who underwent dSAN reinnervated-gracilis FFMT
procedures regained grade 4 elbow MRC. In contrast, the
same achievement only occurred in less than 50% of patients
who underwent nerve procedures. Thus, they concluded that
FFMT was the most reliable reconstruction modality to
restore elbow flexion in severe BPI.>3

The 30-item DASH questionnaire includes 21 physical
activity items, five symptom severity items, and four social
function items. The significant DASH score difference be-
tween FFMT and nerve transfer procedure that we found may
be due to the involvement of psychological factors present in
chronic BPI patients (as most FFMT procedures were per-
formed in delayed/late presentation). The DASH score was
found to be reported significantly higher in patients with
psychological complaints,54 with pain being the most crucial
factor.>> The literature has also reported that 24.39% of BPI
patients were diagnosed with major depression and 7.3%
with suicidal thoughts.” Likewise, our finding also found a
significant pain (VAS) difference, favoring FFMT compared
with nerve transfer. Chronic pain has been associated with
reduced quality of life, interfering with physical functioning,
professional and private life, sleep, and mood.® Thus, as the
chronic BPI patients have been long psychosocially impaired,
the FFMT surgery may probably contribute to improving
their overall quality of life as well. However, we did not
find any significant differences with the other two proce-
dures and other pathology levels, which may be due to the
small patient numbers.

Limitations and Future Directions
This study’s limitation is we could not achieve hand prehen-
sion (grasping), especially in lower type and avulsion BPI,



which involved C8 and T1 nerve root. Moreover, both CC7
transfer to the median nerve and FFMT with distal attachment
to flexor pollicis and flexor digitorum profundus tendon still
resulted in nonfunctioning hand. Another limitation is that our
sample number differed non-equally across the groups, which
might be a relatively unideal condition for statistical compari-
son. Not to mention the problem of patient follow-up and
rehabilitation, which certainly plays a major role in restoring
maximal functions of the upper limbs to carry out daily
activities. Considering these issues, our results may have
been affected due to the above factors. Future research should
explore the correlation between the geographical condition
and patient factors (socioeconomic level, rehabilitation com-
pliance) to the outcomes. Nevertheless, amidst our limitations,
we are still working to improve the quality of our services and
provide the best support for our patients.

In May 2011, we formed the Indonesian Brachial Plexus
Community (Komunitas Plexus Brachialis Indonesia) to facili-
tate our patients better. By using social media (WhatsApp and
Facebook group), we maintain intense communication be-
tween patients, families, and care providers. Currently, there
are 495 members of this community. Before the COVID-19
pandemic, a community gathering was held biannually; how-
ever, after the COVID-19 era, we held the events virtually. By
having this community, communication in terms of case
finding, preparation before surgery, implementation of post-
operative rehabilitation programs can be done better. The
constraints arising from geographical, time, and limited
resources along with their consequences are also thoroughly
elaborated to the patients and their families, as well as the
healthcare providers from various hospital levels. Continuous
system development, in-depth education, and training for
district and sub-district healthcare providers must be imple-
mented in the future to achieve maximal results. However,
realizing the complexity of Indonesian patients’ characteristics
and geographical conditions, we believe our study still pro-
vides meaningful evidence about BPI's description in Indonesia
along with its treatment modalities and outcomes.

Conclusion

This study provides an overview of BPI cases in one tertiary
trauma center in Indonesia, reflecting the situation in this
country. Due to the country’s socioeconomic and geograph-
ical conditions, the high number of motorcycle accidents
and delayed/late presentation to our tertiary center is
undeniably challenging. Our current patient population
demands high technical skills in secondary muscle and
tendon procedures, as well as qualified rehabilitation sup-
port. A proper referral system and comprehensive multi-
disciplinary teamwork are necessary to provide the best
care for BPI patients, which will also affect the patients’
treatment and outcome.
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