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SUMMARY
Brachial plexus injury can lead to sever 
upper extremity impairment. Appropriate 
clinical evaluation of newborn or adult 
has to be done to assess the current status 
and a possible regeneration phenomenon. 
In case of no improvement, the surgical 
treatment should be undertaken approxi
mately 3–6 months after injury. Surgery 
can involve in-situ repair of the plexus or 
nerve transfers outside. In case of late pre-
sentation or poor neurosurgical results, se
condary procedures including the tendon 
transfers, joint fusions or osteotomies can 
be proposed to improve function of upper 
extremity. The aim of this report was to de-
scribe methods of evaluation and treatment 
of brachial plexus injuries with a literature 
review on this topic.
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STRESZCZENIE
Uszkodzenie splotu ramiennego może dopro-
wadzić do znaczącej utraty funkcji kończy-
ny górnej. Zarówno w przydatku uszkodzeń 
splotu u noworodków jak i osób dorosłych, 
powinna zostać przeprowadzona odpowied-
nia ocena kliniczna, aby ocenić aktualny stan 
uszkodzenia oraz ewentualnego procesu re-
generacji samoistnej w nerwach. W przy-
padku braku poprawy klinicznej, leczenie 
operacyjne powinno być podjęte około 
3–6 miesięcy po urazie. Operacja może 
obejmować naprawę in situ nerwów splo-
tu lub transfery nieanatomiczne nerwów. 
W przypadku braku poprawy w trakcie le-
czenia lub efektów rekonstrukcji nerwów, 
należy rozważyć wtórne zabiegi rekonstruk-
cyjne: przeniesienia ścięgien, artrodezy lub 
osteotomie w celu poprawy funkcji koń-
czyny górnej. Celem tego doniesienia było 
przedstawienie metod oceny i leczenia ura-
zów splotu ramiennego, łącznie przeglądem  
literatury w tym zakresie.

Słowa kluczowe: uszkodzenie splotu ra-
miennego, porażenie splotu ramiennego, 
chirurgiczna rekonstrukcja nerwu, chiru-
rgiczne przeniesienie nerwu
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Introduction and aim
Brachial plexus injury can result in severe 
impairment, which can be persistent in up 
to 23% of cases (Chauhan et al. 2014). Be-
sides shoulder dislocation in older patients 
and direct acute injuries, two groups of 
patients are usually met: new-borns with 
birth palsy and young adults. First is an 
injury during childbirth, mostly in cases 
with shoulder dystocia or when force is 
used (vacuum or clams) with the preva-
lence of 1.3 per 1000 births, but a decrease 
in time is observed (Chauhan et al. 2014). 
Second are patients injured in motorbike 
accidents which is a result of specific mech-
anism during falling down from motorbike 
and having brachial plexus stretching with 
a significant force (Sinha et al. 2015). Al-
though most of these nerve injuries can 
spontaneously regenerate, approximately 
27% are severe because of root avulsion 
from spinal cord or rupture of plexus trunk 
which can make them hard to repair (Chan-
taraseno et al. 2014). In this report, it was 
aimed to expose methods of their evalua-
tion and treatment by the own experience 
as well as the review of relevant literature 
on these topics.

Material and methods
Examples of patients with brachial plexus 
injury, whose clinical status was evaluated 
with routine examination methods as well 
as neuroimaging and neurophysiological 
tests. Surgical and conservative procedures 
of treatment in different cases are presented.

Results
Patients have to be carefully clinically eval-
uated because other imaging and tests can 
only support the diagnosis and rarely decide 
about the treatment. Especially examina-
tion in children can be tricky and needs the 
experience. The level of the injury (supra-, 
sub- or infra- clavicular, pre- or post-gan-
glionic) and possible pattern should be 
assessed (Sinha et al. 2015). Mostly three 
main patterns can be described: complete 

involvement of all roots (75%–80% of trau-
matic brachial plexus injuries – BPIs), C5 
and C6 upper trunk (Erb’s palsy at 20–25%), 
C8, T1 or lower (Klumpke’s palsy ranging 
at 0.6–3.0% of traumatic BPIs).

Clinical evaluation
Routinely like in cases of nerve lesions, 
sensory, motor and autonomic function 
of plexus branches have to be evaluated. 
Muscle testing and map of sensory per-
ception is created to help in assessment of 
injured nerves. Tinel’s sign can be found 
several weeks after injury and its presence 
can be a proof for rupture of trunk and 
neuroma formation rather than the root 
avulsion. Horner’s sign (drooping of the left 
eyelid, pupillary constriction, anhidrosis) 
suggests C8 and Th1 root avulsion (Sinha 
et al. 2015). Specific test as “cookie test” 
in new-borns is used to evaluate the elbow 
flexion (Sinha et al. 2015). In late cases 
with the shoulder external rotation deficit, 
hornblower’s sign can be observed (Figure 
1a and b). Several scores (The Mallet’s scale, 
Active Movement Scale (AMS), Toronto 
Test) are used separately to summary the 
patient’s status and evaluate results (Green-
hill et al. 2015).

Imaging
Imaging has supportive but limited role in 
diagnosing of mentioned above injuries.  
It is mostly because of complicated pattern 
and structure of brachial plexus, hard to be 
evaluated and interpreted by radiologist. 
MRI is used for assessment of possible root 
avulsion and evaluation of plexus itself 
mostly with use of short TI inversion-re-
covery (STIR) but some special views like 
IDEAL or FIESTA are needed to improve 
quality and selectivity of images (Tomura 
et al. 2015; Upadhyaya et al. 2015).

Ultrasonography has been recently em-
ployed for evaluation of plexus injury but 
the need of high technical skills and ex-
perience with subjectivity of the method 
itself makes this option rarely possible and 
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less accurate than MRI (Smith et al. 2015; 
Somashekar et al. 2015).

Nerve conduction studies
Transmission of nerve impulses in nerve 
fibers can be evaluated to access the sever-
ity and level of injury. Mostly it is hard to 
distinguish the exact type of injury (root 
avulsion or rupture), but in cases of pa-
tients with evaluation of nerve regenera-
tion, series of tests in different period can 
help to evaluate the indication for surgery 
or necessity to wait for regeneration. In-
traoperative nerve stimulation is of the 
greater importance to evaluate neuroma 
in continuity and nerve status to decide if 
the resection and grafting are mandatory 
(Bahm et al. 2007).

Non-operative t   reatment
In most of the brachial plexus injuries it is 
expected the spontaneous regeneration in 
both new born and adult groups of patients. 
In case of unsatisfactory recovery in the 
period of early observation (3 to 6 months 
after the injury), the surgical treatment is 
indicated (Bahm et al. 2007; Mencl et al. 
2015). Non-operative    treatment mainly in-
cludes the rehabilitation protocol including 
passive and active mobilisation, electro-
stimulation and additional procedures as 
botox injections in some specific cases of 
muscle spasticity or contracture (mostly to 
subscapularis muscle).

Surgical treatment
If no signs of regeneration are observed 
or in cases of the confirmed open brachial 
plexus injury, the surgery is recommended 
to provide the best possible results. The 
nerves reconstructions or their transfers 
(in early treatment) should be undertaken 
around 4–6 months after closed injury but 
some possibilities up to 2 years after injury 
have been reported (Bahm et al. 2007). In 
cases of late    presentation (after one year) 
or failed nerve reconstructive procedures 
still there are possibilities to improve limb 
function with surgery.

Early treatment
The nerve reconstruction procedures in-
clude primary brachial plexus repair with 
end to end adaptation (rare possibility, 
mostly in open injury or some specific cases) 
or grafting. Many strategies are described 
and used to recover the substantial func-
tion of shoulder, elbow and hand. Mostly, 
the choice is based on possible donors 
(healthy roots) which are used to cover the 
distal deficiency (Mencl et al. 2015). Best 
results are described in birth palsy due to 
the higher regeneration potential in new-
borns (Mencl et al. 2015). Supraclavicular 
approach is used with exposition of plex-
us roots and trunks for evaluation, if cas-
es of sub- or infraclavicular injury, wider 
approach with clavicle osteotomy is used 
(Figure 2). Preoperative planning based on 
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Figure 1. (a) Typical presentation of a child with the brachial plexus palsy. (b) Hornblower’s sign.
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clinical and imaging studies is mandatory 
to prepare several options adequate to si-
tuation found during surgery.

The second possibility, gaining popularity 
last years is the nerve transferring (   Bahm 
et al. 2011; B   handari and Maurya 2014). 
Donor nerves or branches are used to recon-
struct motor branches of injured brachial 
plexus areas. They are mostly used in partial 
plexus injuries (possible uninjured donors) 
or as the support for plexus reconstruction 
to reanimate the shoulder and elbow func-
tion. They have several disadvantages like 
no need for plexus exploration, low mor-
bidity, specific targeting of motor branches 
and short distance and time to achieve 
the regeneration and a final effect. The 
standards are accessory nerve to supras-
capular nerve and branch of radial nerve to 
axillary nerve for shoulder recovery (Som-
sak procedure) and a branch from median, 
ulnar or both to biceps and/or brachialis 
branch of musculocutaneous nerve for the 
elbow flexion recovery (Oberlin transfer). 
(   Figueiredo et al. 2016). These procedures 
provide reliable results in most of the cases 
with clinical effects starting approximately 
4 months after procedure (   Figueiredo et al. 
2016) (Figure 3).

Late treatment, secondary procedures
In late or unsuccessful cases, some sec-
ondary procedures can be used to recover 

the functional impairment. They include 
joint fusions (in shoulder or wrist), many 
possibilities of tendon transfers, rotational 

osteotomy (humerus – shoulder, radius – 
forearm pronation), free functional muscle 
transfers (towards recovery of elbow flexion 
and finger movements) (Zhang et al. 2014; 
Hu ltgren et al. 2014).

Shoulder and wrist fusion provide stabil-
ity of the joint and in a case of lack active 
movement of shoulder by use of scapular 
motion up to 90 degrees of flexion and 
abduction. These procedures are possible 
at any stage of treatment and give reliable 
everlasting results (Figure 4).

Tendon transfers are proposed in all the 
areas of upper extremity, mostly to sup-
port the shoulder abduction and external 
rotation by transfer of Latissimus dorsi in 
children (Figure 5). Pectoralis major or 
proximal flexors transfer can be solution for 
the elbow flexion improvement. Transfers 
in hand are based on possible donors. Do-
nor tendons and muscle must be in a good 
condition and strength about 5 in Lovett’s 
scale to have enough force after transfer 
and result in satisfactory joint motion reco-
very (So   colovsky et al. 2015).

Figure 2. Supraclavicular exposition of brachial plexus trunks.
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Conclusions
Brachial plexus injury leads to severe impair-
ment. Adequate treatment strategy based 
on clinical and imaging findings is man-
datory to minimalize this severity both in 
young and adults patients.
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Figure 3. (a) Dorsal approach for transfers of shoulder recovery, (b) exposition of accessory and supraclavicular nerves, 
(c) ulnar nerve branch transferred to musculocutaneous branch for brachialis reconstruction.

Figure 4. (a) Shoulder fusion, postoperative X-ray, (b) result 1 year after surgery for active shoulder abduction.

Figure 5. Latissimus dorsi muscle prepared for transfer to improve the abduction and external rotation.
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