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SUMMARY

Introduction

The anatomical variation and possible com-
bination of sensory and motor shortage
makes difficulties to investigate the distri-
bution of the damage and to choose appro-
priate treatment procedure in traumatic
brachial plexus injury. Neurophysiological
studies provide valuable information about
functional state of brachial plexus.

Aim

The purpose of this paper was to present
two significantly different cases of brachial
plexus injury both for the lesion mechanism
and the results of the clinical and neuro-
physiological studies.

Material and methods

The assessment of brachial plexus damage
was based on clinical studies and neuro-
physiological studies including electroneu-
rography (ENG), electromyography (EMG)
and motor evoked potentials (MEP) per-
formed in two patients after traumatic bra-
chial plexus injury.

Results
Clinical and neurophysiological studies
have shown partial postganglionic brachial
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STRESZCZENIE

Wstep

Urazowe uszkodzenie splotu ramiennego jest
powaznym problemem medycznym zaréw-
no diagnostycznym, jak i terapeutycznym.
Zréznicowanie anatomiczne i mozliwe kom-
pilacje zaburzen czuciowych i ruchowych
utrudniajg zbadanie rozkladu uszkodzenia
splotu ramiennego i dobranie odpowied-
niej procedury leczenia. Badania neurofi-
zjologiczne dostarczaja cennych informacji
odnosnie stanu czynnoSciowego splotu ra-
miennego.

Cel

Celem pracy bylo przedstawienie dwdch
roznych przypadkéw uszkodzenia splotu
ramiennego zarowno w aspekcie mecha-
nizmu uszkodzenia, jak i wynikéw badan
klinicznych i neurofizjologicznych.

Material i metody

Ocena uszkodzenia splotu ramiennego do-
konywana byta na podstawie badan klinicz-
nych oraz neurofizjologii klinicznej w tym
elektroneurografia (ENG), elektromiografia
(EMG) oraz ruchowe potencjaty wywotane
(MEP). Badania wykonywane byty u dwo6ch
chorych po urazowym uszkodzeniu splotu
ramiennego.

Wyniki
Na podstawie badan klinicznych i neuro-
fizjologicznych rozpoznano u pierwszego
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plexus injury with axonal-demyelinating
features and denervation activity in the
examined muscles in the first patient. After
a year, spontaneous regeneration of bra-
chial plexus (improvement of conduction
parameters and muscle reinnervation) was
observed. In the second patient total post-
ganglionic damage to the brachial plexus
with denervation process in the muscles
was observed in the clinical and neurophys-
iological study, without any symptoms of
spontaneous regeneration one year after

injury.

Conclusions

MEP does not determine the pre- or post-gan-
glionic nature of the lesion and has limited
use in total brachial plexus damage. MEP
can provide valuable information in the as-
sessment of the proximal part of the bra-
chial plexus after reconstruction surgery.
The ENG and EMG tests allow to determine
the location of the damage and its severity.
The above tests are a sensitive tool in evalu-
ating the progression of functional changes
of the brachial plexus.

Keywords: traumatic injury, brachial plexus,
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Introduction

Traumatic damage to the brachial plexus
is a serious medical problem, both diag-
nostic and therapeutic. Sensitivity to inju-
ry results mainly from its surface position
and location between two highly mobile
structures such as neck and shoulder (Fer-
rante 2012). Its damage is associated with
temporary or permanent motor and sen-
sory dysfunction of the upper limb (Greg-
ory et al. 2009). There are many causes
of traumatic injury to the brachial plexus,

pacjenta czeSciowe zazwojowe uszkodzenie
splotu ramiennego (typ Erba) o charakte-
rze mieszanym aksonalno-demielinizacyj-
nym z cechami odnerwienia w badanych
mie$niach. Po roku w drugim badaniu za-
réowno klinicznym jak i neurofizjologicznym
(poprawa parametrow przewodzenia oraz
obecne cechy reinerwacji w mie$niach) ob-
serwowano samoistng regeneracje splotu
ramiennego. U drugiego pacjenta w bada-
niu klinicznym i neurofizjologicznym roz-
poznano zazwojowe catkowite uszkodzenie
splotu ramiennego z cechami odnerwienia
w badanych mie$niach, bez cech sponta-
nicznej regeneracji po roku od uszkodzenia.

Whnioski

Badanie ruchowych potencjatéw wywotanych
nie rozstrzyga o przed- czy za zwojowym
charakterze uszkodzenia i ma ograniczo-
ne zastosowanie w catkowitym uszkodze-
niu splotu ramiennego. Moze wnosi¢ cenne
informacje w ocenie czeSci proksymalne;j
splotu ramiennego po zabiegach rekonstruk-
cyjnych. Badanie ENG oraz EMG pozwa-
lajg na okreslenie lokalizacji uszkodzenia
oraz jego ciezkosci. Sa czulym narzedziem
W ocenie progresji zmian czynnosciowych
splotu ramiennego.

Slowa kluczowe: urazowe uszkodzenie,
splot ramienny, badania neurofizjologiczne
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mainly due to the sudden traction of the
upper limb as well as the damage of the
skeletal structures surrounding the plex-
us, head and neck injuries, axillary fos-
sa lesion, which is also often accompa-
nied by damage to large arteries (Moran
et al. 2005, Ghany et al. 2011). Lesion to
the brachial plexus can be the result of,
among other things, direct injuries relat-
ed to sports, workplace accidents, falls
from high (Moran et al. 2005, Gregory
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et al. 2009). Significant increase in mo-
torization, especially in Western countries,
contributes significantly to the increase in
traffic accidents and related serious mul-
tiorgan trauma, including peripheral and
central nervous system injuries. Traumat-
ic damage to the brachial plexus is a con-
sequence mainly of motorcycle accidents.
This usually applies to young people in
2-3 decade of life, for the vast majority
of men (Moran et al. 2005, Gregory et al.
2009, Ghany et al. 2011). The pathomech-
anism of brachial plexus injury usually re-
sults from the effects of significant forces
and tissue overload, leading to damage
neural structures in the mechanism of rap-
ture, stretching and in severe cases of cer-
vical roots avulsion from the spinal cord
(Moran et al. 2005). The most common is
supraclavicular brachial plexus injury, less
common is infraclavicular injury or dam-
age directly on clavicular level. Standard
diagnostic procedures for brachial plex-
us include clinical examination, imaging
studies (USG, CT / myelography or MRI)
(Ghany et al. 2011, Rankine 2004, Gregory
et al. 2009) and neurophysiological stud-
ies like electroneurography (ENG), electro-
myography (EMG) as well as somatosen-
sory evoked potentials (SSEP) and motor
evoked potentials (MEP). The above stud-
ies aim to determine the etiology of inju-
ry, to clarify its level (proximal or distal to
the Dorsal Root Ganglion), type and se-
verity of the lesion (using mainly Sunder-
land classification of nerve damage) (Gh-
any et al. 2011, Gregory et al. 2009). The
management of brachial plexus depends
on the degree of damage and the site of
injury, these are the most important fac-
tors. Treatment of brachial plexus injury
is either conservative or surgical. Surgical
procedures include neurolysis, nerve graft-
ing, nerve transfer, and other reconstruc-
tive methods other such as transplantation
of different structures (Ghany et al. 2011).

The purpose of this paper was to present
two significantly different cases of brachial

plexus injury both for the lesion mechanism
and the results of the clinical and neuro-
physiological studies.

Materials and methods
Clinical examination included the evalua-
tion of the motor function of the shoulder
and upper limb, the assessment of muscle
strength, their atrophy, and the evaluation
of sensory disturbances. In addition, other
possible disorders associated with brachial
plexus injury such as the Horner syndrome
showing T1 sympathetic injury, excessive
reflexes that impair upper motor neuron
damage were included.
Neurophysiological tests were record-
ed with Keypoint system (Medtronic A/S,
Skovlunde, Denmark). During ENG exam-
ination standard (AgCl) 5 mm?surface elec-
trodes were used for recording compound
muscle action potentials (CMAP). The ac-
tive electrode (cathode) was placed on mus-
cle belly, reference electrode was positioned
on muscle’s tendon. Stimulating bipolar
electrode was applied along the anatomi-
cal passage of each examined nerve (Lee
and DelLisa 2005). Time base was set on
5 ms/D, recordings sensitivity on 2 mV/D,
20 Hz upper and 10 kHz lower filters of re-
corder amplifier were used during ENG. In-
tensity of single electrical stimuli (with 0.2
ms duration and 1 Hz frequency) was in-
creased from 20 mA to value evoking the
potential with the largest amplitude (su-
pramaximal stimulus). Values of amplitude
(Di Bella et al. 1997), latency and conduc-
tion time or conduction velocity (Kimura
2001, Preston and Shapiro 2005, Daube
and Rubin 2009) were analysed in CMAP
recordings. Confirmation of axonal chang-
es in brachial plexus nerves required nee-
dle EMG examination from upper extremi-
ty muscles (Lee and DeLisa 2005) showing
the presence of denervation potentials or
reinnervation process. The study included
the analysis of muscle’s spontaneous activ-
ity at rest and evaluation of twenty motor
unit action potentials (MUAPSs) parameters
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(amplitude in mV, duration in ms and Size
Index in mV/ms) recorded during weak vol-
untary contraction (Daube and Rubin 2009).
The last stage of EMG examination included
measurements of amplitude and frequen-
cy of motor unit recruitment during max-
imal voluntary contraction (Stalberg and
Falck 1997). Conducting the two last stag-
es of EMG examination was possible only
in muscles presenting the voluntary activity.

To confirm the function of the proximal
part of the brachial plexus, MEPs induced
by the magnetic field were used. For stim-
ulation, a 110mm rounded induction coil
connected to MagPro X-100 pulse generator
(Medtronic) was applied at both the Erb’s
point and the cervical spine, 1 cm lateral to
the spinous process of four root levels (C5-
C8). At both excitation points, a magnetic
impulse of 100% (1.9T) of the stimulator
output was used. Time base was set on 10
ms/D, recordings sensitivity on 2 mV/D, 20
Hz upper and 10 kHz lower filters of re-
corder amplifier and two-phase pulses with
a duration of 5ms were used during MEP
study. MEP’s were recorded from specific
upper limb muscles, which are the effectors
of the corresponding peripheral nerves.
The amplitude, latency and the latency
difference between the stimulation points
corresponding to the conduction time from
the cervical spine level to Erb’s point were
analyzed in MEP study.

Case Report 1

History and Examination

The patient was a 59-year-old who fell to
the ground from height of 4 meters. He
suffered clavicular fracture (closed trauma)
with significant hematoma present at this
level and within the proximal part of the
left upper limb. Conservative treatment
consisting of clavicular reductino and im-
mobilization of the upper limb was applied.
Within 6 weeks after accident, progressive
left upper limb paresis was observed, and
hematoma decompression has been applied.
After four months, a clinical examination

revealed lesion of the upper part of the
brachial plexus (Erb palsy) with apparent
muscle atrophy mostly of the deltoid muscle
and biceps brachii muscle. On motor exam-
ination, he had reduced strength in arm
abduction, rotation and elbow flexion. The
clinical study did not show the presence of
Horner’s syndrome and excessive reflexes
in the left upper limb.

Neurophysiological Examination

In the first ENG study, a decrease in am-
plitude of CMAP and prolongation of the
conduction time were observed in the mo-
tor fibers of suprascapular nerve, axillary
nerve and the musculocutaneous nerve as
well as in sensory fibers of median nerve
after stimulation of first, second and third
finger. In EMG examination of the deltoid
and biceps brachii muscles, denervation
potentials and neurogenic MUAPs were
recorded.

After one year, second clinical examina-
tion showed symptoms of spontaneous re-
generation of the left upper extremity but
with still demonstrated lesion of the upper
trunk of brachial plexus and visible asymme-
try and slight muscle mass loss (Figure 1).
On motor examination the range of arm ab-
duction, rotation and elbow flexion were
higher than in first examination.

Figure 1. Example of injury to upper brachial plexus with
apparent atrophy of shoulder muscles (A) and exam-

ple of abnormal clavicle adhesion after its fracture (B).
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The results of neurophysiological exam-
ination, ENG and MEP studies of the left
brachial plexus nerves performed one year
after the previous study are presented on
Figures 2 and 3 respectively.

The prolongation of conduction time in
axillary nerve and musculocutaneous nerve
was recorded. The Carpal Tunnel Syndrome
was also noted in ENG studies (also in the
previous study), which may be the basis

ENG study of left upper limb
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Figure 2. The results motor (MNCS) and sensory nerve conduction studies (SNCS) and F wave examination of short

and long branches of the left brachial plexus performed one year after the previous study.

The MNCS study highlights the reduced
CMAP amplitude after electrical stimulation
from the Erb’s point of the median nerve
and the ulnar nerve, which would suggest
a conduction block at this level. However,
the correct frequency of F wave in both
examined nerves and proper conduction
velocity at this level precludes this suspicion.

for a hypothesis regarding the coexistence
of a double crash syndrome in this case of
patient.

In the SNCS study of median nerve, there
was a considerable slowing of conduction
velocity and reduction in SNAP amplitude
especially after first and second finger stim-
ulation. Conduction of nerve impulses in
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the sensory fibers in ulnar and radial nerve
was within the normal range.

The results of the ENG study were not
compared with the asymptomatic side. Such
an analysis was made in the MEP study.

MEP - Erb's point stimulation
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voluntary contraction were normal except
those recorded from the deltoid muscle and
the biceps brachii muscle (reinnervation
symptoms), the interference pattern was re-
corded while maximum muscle contraction.
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Figure 3. The results of MEP examination of the left brachial plexus after magnetic stimulation from the Erb’s point

and from the cervical spine performed one year after the previous study.

The MEP studies showed asymmetry in
CMAP amplitude mainly due to axillary
nerve magnetic stimulation from the Erb’s
point (44%) and to a lesser extent after C5
level of the cervical spine (34%) as com-
pared to the asymptomatic side. Latency
values were comparable on both sides after
stimulation alike from the Erb’s point and
from the cervical spine level (C5-C8) except
for the axillary nerve and the musculocuta-
neous nerve, the latencies were prolonged
in comparison with the right side.

In the EMG study of the left deltoid mus-
cle, biceps brachii muscle, triceps brachii
muscle, first interosseous dorsal muscle
and abductor pollicis brevis muscle at rest,
no denervation potentials were recorded.
The MUAP parameters recorded during

Clinical neurophysiology studies have
confirmed the progressive spontaneous
brachial plexus regeneration, showing still
coexisting exponents of upper trunk dam-
age, but with symptoms of reinnervation
in the examined muscles. The axonal-de-
myelinating mixed lesion in the first study
changed its character to a primarily demy-
elinating nature of lesion. The outcome of
neurophysiological studies is consistent
with the clinical examination of the patient
at the same time.

Case Report 2

History and Examination

The patient was 39-year-old man who has
suffered a multi-organ injury because of
a motor vehicle accident. In the early period
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after the accident, the right upper extremity
treatment (close trauma) was limited to
skin transplants instead of tissue defect at
arm and forearm level. Due to the severity
of the illness and the associated multi-organ
trauma, the treatment and full diagnosis
of brachial plexus was implemented one
year after the injury. Magnetic resonance
imaging revealed damage to brachial plex-
us structures without cervical root injury.
Clinical examination of the right upper
limb demonstrated a complete brachial
plexus lesion with upper limb muscular
atrophy and no signs of clinical recovery.
On motor examination, the patient had
complete absence of strength in right arm
abduction, elbow flexion, elbow extension,
forearm supination, wrist extension, and
finger extension (Figure 4).

In needle EMG study denervation potentials
(Figure 7) and lack of voluntary contraction
of right upper extremity muscles were re-
corded confirming the results of EMG and
MEP studies.

The results of the neurophysiological
studies were consistent with the results of
clinical trials. Based on the results a further
therapeutic regimen has been established,
including the reconstructive surgery of the
brachial plexus.

Discussion

Diagnostic electrophysiological criteria eval-
uation of brachial plexus injury include
ENG (nerve conduction test) and EMG nee-
dle test, which is one of the most useful
neurophysiological methods used in con-
firming the severity and the level of injury

oy

Figure 4. Photographs show the location of the skin graft (A) and upper limb muscles atrophy (B-D, one year after

injury) in the patient after complete damage to the right brachial plexus.

Neurophysiological Examination

The following figure (Figure 5) shows the
results of the ENG study (MNCS and SNCS).
The potentials of motor and sensory fibers
of brachial plexus have not been recorded,
which confirms total postganglionic damage
to the brachial plexus. No motor evoked
potentials (MEPs) have been recorded af-
ter magnetic stimulation from the cervical
spine (C5-C8) (figure 6). Based on this
study, the type of injury between axonotme-
sis and neurotmesis cannot be distinguished.

(Ciaramitaro et al. 2016, Mansukhani 2013).
An essential part of assessing brachial plex-
us damage is the analysis of sensory fibers
based on SNCS and SSEP studies, which is
helpful in proving pre- or post-ganglionic
nature of brachial plexus damage as well
as distinguishing possible pathologies of
individual brachial plexus structures such
as trunks or cords (Ferrante 2012, Ferrante
and Wilbourn 1995). SSEP analysis, as it
is helpful in determining the integrity of
afferent pathways and damage at pre-or
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ENG studies
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Figure 5. An example of complete postganglionic brachial plexus injury in the ENG study.
MEP study
LAT CV  ANP
L&t Ims] [m/s] [V]
TRt L R s P
ight Axilla erve !
Cf-g-DeItcidr)I‘.'ussle %ﬁ ——_."'—: — T T T — Ra
."r | :
[
! | I |
Left Axillary Nerve J | HE
C5 - Deltoid Muscle s I Vil M gl 481 115w
|/ -
|| )
In'
Right Musculocut. N. || !
CE - Biceps Brachii gﬁ e RZ:
Illn’ \III "
! \
Left Musculocut. N. ! ll.
C6 - Biceps Brachii gk ¥ D T R (O 1
LAT CV  ANP
Ims] [mfs ¥
DIST i ; :
Right Ragiaty, ™1 [ ; i
CT - Triceps Brachii 18 m
Left Radial M. i
c? -Tricleps Brachii 13 mL—{/ ‘-l\ g 7.4m
Right Ulnar N.
C3 - ADM gL i ;
Left Ulnar N.
C&- ADM # ﬁ_y\h_F I YR 2. %m

Figure 6. The results of MEP examination after magnetic stimulation from the cervical spine performed one year

after left total brachial plexus injury.
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EMG studies
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Figure 7. An example of denervation activity (positive sharp waves and fibrillation potentials) recorded from the first

interosseous dorsal and triceps brachii muscles in EMG study.

post-ganglionic levels, cannot be conclusive
in determining damage at a specific root
level (Abbruzzese et al.1993, Ferrante 2012,
Serror 1994). An alternative method for
electrical stimulation of the brachial plexus
structure is magnetic stimulation. Applica-
tion of magnetic stimulation at Erb’s point
and at the level of cervical spine, which
reflects ventral roots at the level of inter-
vertebral foramen, may be used to evalu-
ate the proximal part of the lower motor
neuron (Abbruzzese et al.1993). The use of
magnetic stimulation is considered by some
authors to be less objective, mainly because
there is no evidence that the intensity of
magnetic stimulation is supramaximal, so
that it stimulates the proper number of
axons within the nerve domain. Hence, the

determination of the conduction block in
the proximal part of the nerve after mag-
netic stimulation is not objective. However,
as Oge et al. (Oge et al. 1997) and other
authors (Seror 1994, Veltsista and Chroni
2015) pointed that CMAP amplitude in-
duced by magnetic stimulation from the
neck level may be reduced in comparison
to CMAP induced by electrical or magnetic
stimulation at distal site, and form the basis
for suspicion of proximal conduction block.
Magnetic stimulation brings important in-
formation mainly in the aspect of segmental
demyelination in the proximal part of the
examined nerves. According to the authors,
magnetic stimulation included in standard
neurophysiological tests may provide infor-
mation on localization of lesions, segmental
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demyelination or axonal loss of the brachial
plexus primarily affected by compression.
In our study, similarly, magnetic stimulation
applied from Erb’s point as well as over the
cervical spine was an additional method
attached to the diagnostic standard includ-
ing the ENG and EMG studies. In patient
with brachial plexus compression (Patient
No. 1), magnetic stimulation demonstrated
a slight prolongation of conduction time
on the cervical spine C5-C6 — Erb’s point
segment and reduced amplitude, especial-
ly in the axillary nerve, compared to the
healthy side. In the case of patients with
complete brachial plexus injury (Patient No.
2), in the absence of motor (ENG, MEP) and
sensory evoked potentials, it is possible to
conclude that the lesion was in the post-
ganglionic part of the brachial plexus. In
this case, neurophysiological studies were
not able to clarify the nature of the lesion
(axonotmesis vs neurotmesis). The absence
of motor and sensory potentials and the
denervation activity in muscles may be
appropriate for both mechanisms of injury.
In this case, the imaging study is crucial
in determining the location and nature of
the lesion, as indicated by many authors
(Rankine 2004, Gregory et al. 2009, Ghany
et al. 2012). In patients with severe brachial
plexus injury, appropriate reconstructive
procedures should be taken prior to irrevers-
ible muscle damage, which will determine
the effectiveness of the treatment (Martins
et al. 2013). EMG study was therefore es-
sential to examine the dynamics of both
degenerative and regenerative processes
(Moran et al. 2005, Gregory et al. 2009),
which was also confirmed by our study.
In a patient with a mixed type of lesion,
the EMG test showed an acute neurogenic
process in the first study. One year after
the reinnervation process and interference
pattern during maximal muscles contraction
were registered. As Gregory et al. (Gregory
et al. 2009) pointed, in the process of regen-
eration of motor fibers the results of EMG
studies will still not be completely correct,

the size of motor units will be greater than
before damage and firing pattern of motor
units will be different, with increased firing
rates to maintain force production.

Conclusion

MEP does not determine the pre- or post-gan-
glionic nature of the lesion and has limited
use in total brachial plexus damage. MEP
can provide valuable information in the as-
sessment of the proximal part of the brachial
plexus after reconstruction surgery. Com-
pilation of clinical and neurophysiological
studies brings important information about
the functional state of brachial plexus It is
the basis for the application of therapeutic
procedures appropriate to the degree of
brachial plexus injury.
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