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Background: Traumatic brachial plexus injury (TBPI) is a severe injury in the upper extremity which can affect the quality of life.
The incidence of these injuries has been increasing in recent years. The purpose of this study was to describe the characteristic of TBPI
patients treated by surgery at a tertiary Orthopedic hospital in Surakarta, Indonesia.

Methods: This is a descriptive retrospective study of patients diagnosed with TBPI who underwent surgery between July 2013 and
December 2021.

Results: This study included 374 patients with male predominance (86.10%) and an average age of 30.61 years. The most common
age group was 20-29 years (45.45% of all age groups). Traffic accidents were the most common cause of this injury (91.98%),
especially motorcycle accidents (94.48% of traffic accidents). The most frequent type was complete preganglionic complete injury
(48.93%). Most of the patients were the result of traction injury (96.26%). The right side (58.02%) was more common. One patient
(0.27%) presented with bilateral lesions. As much as 52.67% of patients presented with concomitant injuries. Fractures were the most
common concomitant injuries (90.73%). Humeral shaft fractures were the most common fractures (29.10%), followed by forearm and
clavicle fractures (16.10% and 21.98% respectively). A total of 19.52% of patients underwent surgery between 3 and 6 months after
trauma. Nerve procedures were performed in 57.38% of all surgical procedures and the rest were secondary procedures: Tendon
transfers (36.92%), arthrodesis (2.53%), and Free Functional Muscle Transfer (FFMT) 2.74%.

Conclusion: The young population, especially men, were commonly subjected to this injury with motorcycle accidents as the most
common cause. Early recognition and optimum treatment must be done to improve functional outcomes. Improvement of road
safety and spreading the health education of TBPI are recommended to reduce the incidence of injury and improve functional
outcomes.
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Introductions

Traumatic brachial plexus injury (TBPI) is an injury to the peripheral nerve network that makes up the brachial plexus.
This devastating injury usually affects the young adult population causing motor and sensory disturbances along with
pain associated with peripheral (sometimes with central) origin."* Thus, it can cause significant socioeconomic losses
and affect the quality of life.>> The poor outcome made the surgeons pessimistic and conservative treatment was the
only recommended treatment in 1970. However, with the advancing microsurgery technique over the last few decades,
surgery has become an important treatment in traumatic brachial plexus injury and has significantly changed the outcome
of BPL®’
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The incidence of TBPI is 10% of peripheral nerve lesions and about 14% of neurologic lesions in the upper limbs are
the result of brachial plexus lesions.*® Furthermore, it is stated that the prevalence is about 1.2% after multiple traumatic
injuries and the annual incidence is about 1.64 cases out of 100,000 people. This value may increase following the
increase in the incidence of traffic accidents, especially motorcycles.’

In our experience, TBPI is not uncommon, as with other injury related to motorcycles accidents. However, delays
in surgery might happen due to some misbeliefs of alternative treatments, low socioeconomic status or poor health
education.'® Whereas, other than the initial extent of the injury, the functional outcome is significantly improved with
the earlier time to the nerve reconstruction surgery. This is a preliminary descriptive study to emphasized the
magnitude of TBPI problems in Indonesia as represent in Orthopedic Hospital Prof. Dr. R. Soeharso Surakarta
which is one of orthopedic centers in Indonesia and the orthopedic referral hospital in our country. Thus, we
developed a study to collect true and clear data on the sociodemographic and epidemiological characteristic of
TBPI patients treated in our center from July 2013 to December 2021. The application of this data for public health is
to raise the concern from both society and the government to reduce the incidence of TBPI from the enhancement of
road safety as well as to shorten the period between injury and surgery in patients with surgical indication.

Materials and Methods

We retrospectively studied TBPI patients undergoing surgery at Orthopedic Hospital Prof. Dr. R. Socharso Surakarta
between April 2013 and December 2021. The inclusion criteria were TBPI patients that underwent surgery (either
primary or secondary) in our center. The TBPI diagnosis was confirmed by clinical and radiological assessment (plain
X-ray, Computed Tomography/CT scan, and Magnetic Resonance Imaging/MRI), as well as electrophysiological study.
TBPI patient that were treated with conservative treatment, brachial plexopathy other than trauma origin, and neurolo-
gical deficit with central nervous system origin were excluded.

The characteristic and demographic data were taken: gender, age, the side of the lesion, level of lesion, the injury
mechanism, the time elapsed from the injury to the first management at the hospital and the surgery, and concomitant
injuries. Preoperative diagnostic examinations were noted including the motoric and sensory function of the affected
upper extremity, the presence of Horner syndrome, radiology, and neurophysiology examination.

The reconstructive procedures performed in our study were noted which included nerve reconstruction (primary
procedures) and soft tissue reconstruction (secondary procedures). Nerve exploration and neurolysis (as needed) were
performed either supraclavicular, infraclavicular, or both. Nerve transfer procedures were done to restore elbow flexion
and shoulder stabilization with the donor from either intraplexal (median n., ulnar n., radial n.) or extraplexal (phrenic n.,
spinal accessory n., intercostal n.).!' '3

The soft tissue procedures were noted in delayed cases or as the secondary procedure after nerve transfers which
included tendon transfer to shoulder (SAHA procedures), elbow (Modified Steindler procedures) and wrist arthrod-
esis, as well as free functioning muscle transfer (FFMT).'®'® We used the gracilis muscle in all FEMT procedures.
The neurovascular donors for FFMT were the phrenic nerve, transverse cervical artery, and external jugular vein.

The statistical analysis was performed using a descriptive frequency table using the IBM statistic 25 tool (SPSS Inc.,
Chicago, IL, USA).

Results

Sociodemographic Data

This study included 374 patients who underwent surgery for TBPI. Of these, 322 (86.10%) were males and 52 (13.90%)
females. The median age of these patients was 26 years (7-77). Dividing these patients into age groups, 45.45% of
patients were between 20 and 29 years of age with 86.47% of them were males (Figure 1). The male patients’ ages
ranged from 7 to 77 years, while the female patients were 11-68 years old. The TBPI patients mostly came from the same
province (45.20%), followed by the patients who came from the same region (32.33%), and the rest came from all over
Indonesia (22.47%.)
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Figure | Age distribution of traumatic brachial plexus injury patient.

Epidemiology
Among the mechanism of injury, the majority of cases were caused by traffic accidents (91.98%) which was dominated
by motorcycle accidents (94.48%). Other mechanisms were domestic (5.61%) and industrial accidents (2.41%) (Table 1).

The interval between the trauma and first surgery for the brachial plexus varied as shown in Figure 2. Based on the
side of the lesion, 58.02% of the patients had right-sided injuries, 41.71% had left-sided injuries, and 1 patient (0.27%)
had bilateral injuries. Traction injuries occurred in most of the patients. According to the anatomical classification, the
complete pre-ganglionic type accounts for 48.93%, followed by the upper (33.15%) and complete (17.64%) post-
ganglionic type. Only 1 patient (0.27%) was the lower type lesion (Table 2).

As many as 52.67% of the patients had concomitant injuries. Fractures were the most common concomitant
injuries (90.73%). Among them, most (99.07%) were closed fractures. Closed anterior dislocation of the glenohum-
eral joint was the second most common concomitant injury (3.38%), followed by the head/intracranial injury
(3.09%), and the rest were acromioclavicular joint disruption, nerve lesion (peroneal nerve), lacerated wound,
vascular rupture, crush injury, and hyphema (Table 3). Interestingly, these patients mostly visited the hospital within
24 hours after injury and were treated accordingly due to the concomitant injury. Upper limb fractures were
commonly associated with TBPI (84.52%) with humerus fracture being the most common (29.10%), followed by
radius (21.98%), and clavicle (16.10%) (Table 4).

Table 1 Mechanism of Traumatic Brachial Plexus Injuries

Mechanism of Injuries Number of Patients %

I. Traffic accidents 344 91.98
a. Motorcycle 325 94.48
b. Bicycle 6 1.74
c. Car 5 1.45
d. Pedestrian 8 233

2. Domestic accidents 21 5.61
a. Fall from height 10 47.62
b. Slipping 9 42.86
c. Rammed by a cow | 4.76
d. Pulled-arm during playing | 4.76

3. Industrial accidents (pulled into a machine) 9 2.41
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Figure 2 The intervals between the time of injury and the first brachial plexus surgery.
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In preoperative clinical examination, Horner’s syndrome (ptosis and miosis ipsilateral) was found in 177 patients,

hemidiaphragm palsy in 4 patients, and winging scapula in 17 patients. Diagnostic studies were performed to support the

diagnosis. MRI examination was done in 85 patients, CT scan in 22 patients, and electrophysiological studies in 89

patients. In the preoperative predictive value analysis of root injury, at least one root abnormality of MRI was 71.28%

and 70.10% of CT scans. The electrophysiological studies diagnosed 60.15% of preganglionically injured roots.

The total procedures done in this study were 474 procedures, consisting of nerve procedures, tendon transfers,

arthrodesis, and free functional muscle transfer (FFMT). Nerve procedures were performed in 272 patients (57.38%) for

patients who came less than 12 months. External neurolysis was performed in 42 patients (15.44%) of all nerve

procedures. Among them, external neurolysis alone was performed in 4 TBPI patients that intraoperatively had

Table 2 Epidemiologic Data of Traumatic Brachial Plexus Injury

Number of Patients

Percentage (%)

Mode of injury
Traction injuries
Direct trauma

Side of injury
Right side
Left side
Both sides

Type of injury
Upper type
Lower type
Complete type (panplexal)

Pre-ganglionic
Post-ganglionic

360

217
156

124

183
66

96.26
3.74

58.02
41.71
0.27

33.15
0.27

48.93
17.64

422

https:;

Dove!

Orthopedic Research and Reviews 2022:14


https://www.dovepress.com
https://www.dovepress.com

Dove Sumarwoto et al

Table 3 Concomitant Injuries Associated with Traumatic Brachial Plexus Injury

Number of Patients Percentage (%)
Traumatic Brachial Plexus Injury 374 100
Without concomitant injury 177 47.33
With concomitant injury 197 52.67
Concomitant Injuries 356 100
Fracture 323 90.73
Closed fracture 320 99.07
Open fracture 3 0.93
Dislocation
Closed anterior dislocation Gleno-Humeral joint 12 3.38
Head injury 11 3.09
Lacerated wound | 0.28
Acromioclavicular joint disruption 3 0.84
Peroneal nerve lesion 3 0.84
Vascular rupture (jugular vein) | 0.28
Crush injury (forearm) | 0.28
Hyphema [ 0.28

Table 4 Fracture Associated with Traumatic Brachial Plexus Injury

Fractured Bone Number of Patients | Percentage (%)
Total 323 100
I. Head and neck 7 2.17%
a. Maxilla 2 0.62
b. Mandibula 3 0.93
c. Frontal bone | 0.31
d. Orbital rim inferior | 031
2. Costovertebral 2 0.62%
a. Rib | 0.31
b. Thoracal vertebrae | 0.31
3. Upper limb 273 84.52%
a. Clavicle 52 16.10
b. Scapula I 3.39
c. Humerus 94 29.10
d. Radius 71 21.98
e. Ulna 32 9.91
f. Metacarpal 10 3.10
g. Phalanges 3 0.93
4. Lower limb 41 12.69%
a. Femur 25 7.74
b. Tibia 10 3.10
c. Fibula 3 0.93
d. Metatarsal 3 0.93

a visibly intact plexus (surrounded by fibrosis) which transmitted nerve action potential (NAP) from the nerve stimulator.
Nerve transfers (neurotization) were performed in 230 patients (84.56%) divided into supraclavicular neurotization for
139 patients (60.43%) and infraclavicular neurotization for 91 patients (39.57%).
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In supraclavicular neurotization, intraplexal donor nerves (2 patients/1.44%) used were mainly from C5 and C6 roots.
Extraplexal donor nerves were the phrenic nerve (74 patients), spinal accessories nerve/SAN (51 patients), the platysma
motor branch (2 patients), and the great auricular nerve (1 patient). The nerve graft source used in this study were the
sural nerve (83 patients) and the lateral antebrachial cutancous (LABC) nerve (2 patients). The average length of used
graft was 18.55 cm. The recipient nerves for these procedures were SSN (suprascapular nerve), MCN, and median nerve.
In infraclavicular neurotization, Oberlin I and Oberlin II procedures were performed in 10 patients and 67 patients
respectively. The Somsak Procedure was done on 14 patients.

The secondary procedures done were tendon transfer (36.92%), modified Steindler flexorplasty (32.57%), trapezius
transfer procedures (59.43%), and tendon transfer for wrist, thumb, and finger extension (6.85%) Another secondary
procedure was arthrodesis procedures that were performed on 12 patients (2.53%). Three joints that had already
undergone surgery for arthrodesis were the glenohumeral joint (9 patients/75.0%), the wrist joint (2 patients/16.67%),
and the carpometacarpal joint (1 patient/8.33%). Lastly, free functioning muscle transfer (FFMT) using gracilis muscle
was performed in 13 patients (2.74%). The summary of procedures done for TBPI is presented on Table 5.

Table 5 Various Reconstructive Procedures for Traumatic Brachial Plexus Injury

Surgical Procedures Numbers of Procedures Percentage (%)
Total procedures 474 100
I. Nerve procedures: 272 57.38
A. External neurolysis 42 15.44
External neurolysis alone 4 9.52
Associated with another procedure 38 90.48
B. Neurotization 230 84.56
I. Supraclavicular 139 60.43
a. Intraplexal with graft (sural nerve) 2 1.43
C5 root — Median nerve | 50.00
Cé6 root — MCN | 50.00
b. Extraplexal without graft 52 3741
Phrenic nerve — SSN (anterior approach) 10 29.23
SAN—SSN (anterior approach) 4 7.69
SAN—SSN (posterior approach) 37 71.15
Motoric branch platysma—SSN | 1.92
c. Extraplexal with graft 85 61.15
SAN—MCN (sural nerve graft) 7 823
SAN—median n. (sural nerve graft) 3 3.52
Phrenic nerve—median n. (graft sural nerve) 5 5.88
Phrenic nerve—>MCN (graft sural nerve) 67 78.82
Platysma motor branch—MCN (sural nerve graft) | 1.92
Phrenic—MCN (LABC graft) | 1.92
Auricularis magnus nerve—median nerve (LABC graft) | 1.92
2. Infraclavicular 91 39.56
Single nerve transfer for elbow flexion
Fasc. ulnar nerve/FCU — MCN/biceps (Oberlin) 5 5.49
Fasc. median nerve/FCR —MCN/biceps 4 4.17
Fasc. median nerve/FCR—MCN/brachialis) | 1.09
Double nerve transfer for elbow flexion
Fasc. FCR median nerve—MCN/brachialis, fasc. FCU ulnar nerve—MCN/biceps 60 65.93
Fasc. FCR median nerve—MCN/biceps, fasc. FCU ulnar nerve—MCN/brachialis) 7 7.69
Nerve transfer for shoulder abduction
Radial nerve (Long head Triceps)—axillary nerve posterior approach 14 15.38
(Continued)
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Table 5 (Continued).

Surgical Procedures Numbers of Procedures Percentage (%)
Il. Tendon transfer 175 36.92
Modified Steindler flexorplasty 57 32.57
Trapezius transfer procedure 104 59.43
Tendon transfer (wrist) 12 6.85
FCR—EDC, PL—EPL, PT-ECRL+B 6 45.46
FCR— EDC+ECRL+ECRB, PL — EPL 3 27.27
FCR — ECRL+B, PL — EPL | 9.09
FCR — EDC, PL — EPL | 9.09
FCR — ECRL+B | 9.09

I1l. Arthrodesis 12 2.53
Wrist 9 75.00
GH joint 2 16.67
CMC | 833
IV. FFMT 13 2.74

Abbreviations: SAN, Spinal Accessory Nerve; SSN, Supra-Scapular Nerve; MCN, Musculocutaneous Nerve; FCR, Flexor Carpi Radialis; EDC, Extensor Digitorum
Communis; PL, Palmaris Longus; EPL, Extensor Pollicis Longus; PT, Pronator Teres; ECRL, Extensor Carpi Radialis Longus; ECRB, Extensor Carpi Radialis Brevis; FFMT, Free
Functioning Muscle Transfer; LABC, Lateral Antebrachial Cutaneous.

Discussions

In this study, most patients were in the age group 20-29 years old and dominated by males. These results are similar to
previous studies conducted in Surabaya, Indonesia,19 and some other countries such as Malaysia,20 Thailand,21 and
India.?* This was due to the higher mobility for the male especially in the young adult age group. As it affects mostly
young male, able-bodied individuals, this devastating injury will cause a far-reaching economic impact on both the
individual and the society as illustrated by a study conducted in the United States.*’

The demographic data shows that most of the patients live in the same province (Central Java) with our center. The
rest of the TBPI patients came from all over Indonesia since our center is a national referral tertiary orthopedic hospital.
This result showed that the specialized surgeon and facility to support the TBPI surgery was still scarce in our country
which might contribute to the delayed of the treatment in addition to the lack health education in our country. However,
we need to prove this in larger series.

The TBPI has been reported as a result of either blunt (mostly traction injuries related to motor vehicle accidents) or
penetrating injuries.>* In a large series in 218 patients by Peach et al*> the prevalence for each mechanism included 111
traction injuries (51%), 42 gun-shot wounds (19%), and 38 stab wounds (17%). In this study, almost all patients had
traction injuries with a smaller amount of direct (blunt) trauma around the shoulder. Traffic accidents were the most
common cause of injury (91.98%) and motorcycle accidents dominated the traffic accident. This result corresponds with
other previous studies in other developing countries where motorcycle accidents are common.”®* Motorcycle is the
most common motor vehicle accident that causes TBPI. It accounts for 100% of all motor vehicle accidents in Malaysia,
82% in Thailand, and 90% in India. As motorcycle restriction is nearly impossible to do in developing countries, the
prevention of BPI should be carried out via road safety improvement.?’

Diagnostic tools that are commonly used to adjunct the clinical diagnosis of TBPI are radiological examinations and
nerve conduction studies.”® CT gradually replaced cervical myelography to identify root lesions in BPI and give a better
result of nerve status in preoperative examination. MRI is non-invasive and offers detailed information on the condition
of the plexus. Li et al” presented the specificity and sensitivity of MRI for detecting root avulsion as 81.3% and 92.9%
respectively. Electrophysiology examination is effective in preoperative assessment and could be revealed approximately
10-21 days after the injury.” In our study, cervical x-ray with adjunctive CT scans were conducted when there was
a possibility of neck fractures. Moreover, a combination of CT and MRI of the cervical spine was used to rule out
avulsion injury. The electrophysiology examination included electromyelography and nerve conduction velocities were
routinely done if the patient came in the early stage.
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Surgical options were based on the time of presentation, intraoperative findings, and patients’ demands. The golden
period for nerve procedure surgeries in TBPI is considered between 3 and 6 months after the accident with another 3
months delay considered as acceptable.””*® In our study, most TBPI patients came with an onset of more than 1 year
(43.58%), and only 19.52% had the first nerve reconstruction surgery in a timely manner. This result is in accordance
with Suroto et al'® study conducted in another center of Indonesia, in which only 23.5% of patients received surgical
treatment within six months following injury, 15.5% of patients were delayed (6—12 months), and 61.1% of patients were
operated after 12 months following injury.'® This is why efforts must be taken to encourage patients, particularly in our
country, to seek medical attention earlier from the time of injury.

Some studies recommend to wait for at least 3 months before surgery since spontaneous recovery might occur.'"!
Many studies also discourage delays longer than 6 months since long denervation times can decrease muscle
strength.'*'! Timing is essential because nerve axons regenerate at a speed of only 1-2.5 mm per day, and denervation
times include both the delay in surgery and the time before a nerve reaches its target. Most articles showed significantly
better motor outcomes with delays to surgery of fewer than 6 months, with some studies specifying even shorter delays.
Pain and quality of life scores were also significantly better with a shorter delay.'~'*2°

These timeframes are the core of the treatment selection. In our study, nerve procedures were done in patients who
come within 12 months after injury. However, nerve procedures can restore function effectively when performed within 6
to 9 months from injury as a time-dependent change occurs in the motor-end plate and the muscle itself, which

diminishes reinnervation potential *®

The higher apoptosis activity of the proximal stump motoneuron was observed
more than six months after the injury.’® Late (or secondary) reconstruction procedures (tendon transfers, arthrodesis, and
FFMT) are considered to adjunct the initial nerve procedures for the residual functional deficit or for the patient who
came on the later stage.

Lastly, fractures were the predominant concomitant injuries associated with BPI and were dominated by upper
extremity long bone fractures, in accordance with the study by Li et al’ that fractures were presented in 76.27% of all
associated injuries with upper limb fractures accounted for 65.31% of all fractures. Moreover, Terzis et al’! in 1999
revealed that fractures were associated in 57% of TBPI patients in their study and dominated with the upper extremity

fractures (53.52%).

Summary

Traumatic brachial plexus injury potentially causes a great economic burden as it occurs mostly in the male population
and productive age group. Traffic accidents, specifically motorcycle accidents, were the most common cause of TBPI in
developing countries. Thus, the improvement of road safety will potentially reduce the incidence of TBPI. Furthermore,
in this study, only a small group of patients came to seek medical attention in a timely manner. Health education about
TBPI and time-strict management should be spread actively by clinicians and the government to reduce the TBPI
incidence and at the same time, increase the possibility of getting a better functional outcome if the patients were treated
earlier.
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