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Abstract

Background: With the development of scientific technology,
applications of high-resolution ultrasound have rapidly developed in
biomedical fields. High-resolution sonography clearly depicts peripheral
nerve size spaces occupying lesions and anatomic variants along the
entire length of the normative nerve. Aim: Assessment of efficacy of
ultrasound in evaluation of degree of traumatic nerve injury. Methods
This prospective study was carried out during the period from June 2019
to April 2020 and included a hundred participants. All patients were
referred to the radiology department of Benha University from the
emergency department and outpatient clinic of surgery department of
Benha university hospital. Results: diagnosis and characterization of
turmeric peripheral nerve injury using ultrasound Conclusion; US can

be used to facilitate the preoperative diagnosis and planning of the

optimal treatment strategy as it can permit tracing the injured nerve at the lesion site and the

neuroma’s extension. Finally, US has high accuracy for detection, diagnosis, assessment

and treatment planning of traumatic peripheral nerve lesions.

Keywords: high resolution ultrasound, post traumatic peripheral nerve injury, nerve cut,

neuroma, enlarged nerve.

List of abbreviations;

US = Ultrasound

TPNI = traumatic Peripheral nerve injury

Introduction:

The current approach for localizing and

assessing the severity of traumatic
peripheral nerve injuries involves clinical

evaluation and electro diagnostic studies.
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However, the ability of these approaches to
determine the extent of nerve damage
within the first 6 weeks after trauma is

limited (1). Furthermore, the availability of
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Computed tomography (CT) and magnetic
resonance imaging (MRI) neurography
may be limited, and the costs can be
significant. In comparison,
ultrasonography is a portable, dynamic,

and relatively low-cost technology (2).

With the development of scientific
technology, applications of high-resolution
ultrasound have rapidly developed in
biomedical fields. High-resolution
sonography clearly depicts peripheral
nerve size spaces occupying lesions and
anatomic variants along the entire length of
the normative nerve. Using sonography,
peripheral nerves have a fibrillar
appearance, which is tape-like on
longitudinal scans and ovoid on transverse

scans(3).

Ultrasonographic patterns correlate well
with  histological structures. Normal
peripheral nerves have a characteristic
echotexture. Nerves are composed of
hypoechoic fascicules within a hyperechoic

environment (3).

High-resolution ultrasonography has been
shown to  support clinical and
electrophysiological testing for detection
of a variety of nerve abnormalities,
including entrapment neuropathies,
traumas, infectious disorders, and tumors
(4). Since the earliest reports of peripheral

nerve ultrasonography (5), progress in
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ultrasonography has been ongoing. Aside
from neurophysiological assessment of
peripheral nerve lesions, the technique of
high-resolution ultrasonography provides
an increasing amount of complementary
morphological information about nerves

and their surrounding tissues (6).

High-resolution ultrasonography images
depict nerves in high image quality and
enable clinicians to examine them along
their anatomical course, thus giving
valuable information about the origin and

exact location of most lesions (7).

Additionally, ultrasonography provides the
possibility of dynamic imaging of
peripheral nerves. In the present study, we
review the current state of high-resolution
ultrasonography for imaging peripheral
nerve traumatic peripheral nerve lesions

with case illustrations (8).

Aim: Assessment of efficacy of ultrasound
in evaluation of degree of traumatic nerve

injury

Patient and Methods

This prospective study was carried out
during the period from June 2019 to April
2020 and included a hundred participants.
All patients were referred to the radiology
department of Benha University from the

emergency department and outpatient



clinic of surgery department of Benha

university hospital.

All patients included in the study were
subjected to the following:

= Ethical committee approval was taken.
= Informed consent were obtained from
all patients.

Inclusion Criteria:

% Any patient presented with history of
upper and lower limb and clinically
suspected to have nerve injury.

Exclusion criteria:

+ Patients unwilling to complete the
study.

+ Patients not meeting the inclusion
criteria.

% Patients with associated other nerve
lesions in forearm and hand other than
trauma.

% Patients  with  anything  make
examination impossible.

All participants were subjected to the

following:

% History taking.
+ Clinical provisional examination.
+¢ Neurological examination.
+¢ Electrophysiological studies.
+ Radiological investigation:
+ Ultrasound examination
+ Doppler examination

+ Surgical evaluation.
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Statistical analysis

Analysis of data was done using SPSS
version 20.0 (Chicago, Ill, USA). The data
were summarized using descriptive
statistics: mean, standard deviation,
median, interquartile range for quantitative
variables and number and percentage for

qualitative values.

Also through Sensitivity = true+ve/true+ve
+ false-ve = ability of the test to detect

positive cases.

Specificity = true—ve/true-ve + false+ve =
ability of the test to exclude negative

Cases.

Results

-Male represented 49% of the studied
patients. Their age ranged from 25 to 45

years with mean 36.03 years

-Forty six percent of the studied patients
had cutting trauma, 44% had non-cutting
trauma and 10% had repeated trauma.

-Ninety percent of patients had nerves in

upper limb affected.

- The most common nerve affected was
median nerve (44%) followed by ulnar
nerve (41%), 19% had radial nerve
affected. Five percent had femoral and
sciatic nerves affected and posterior tibial

nerve was affected in 10%.(Table 1)
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- Cross sectional area of affected nerves
ranged from 14 to 28 mm? with mean
19.323 mm?

- Forty three percent of patients had
neuroma followed by swollen enlarged
nerve (44%).

- About three quarters of patients had no
associated lesion .

- The Ultrasonography can predict
eligibility for surgery in 45 out of The
Ultrasonography can predict eligibility for
surgery in 45 out of 47 patients who were
truly eligible with 95.7% sensitivity and
can rule out eligibility for surgery in all 4
patients with 100% specificity. Positive
predictive value was 100% negative
predictive value 66.7% and accuracy
96.1%. Table (2)

Case presentation

Case number 1a cut in median nerve with

nuroma incotenitly measured 10mm with

defect in sheath measured 2mm

Figure(1)
Case number 2

repeated non cutting truma by moderate
tenosynovities in right hand lead to mild
carpal tunel syndrome with cross sectional
area of median nerve about 17mm2
.Figure (2)

Case number 3

at site of injury nerouma measured 8 x 2.5
mm in one branch of meidian nerve.
Figure(3)

Case number 4

At site of amputation multiples nerouma
detected at femoral and sciatic nerve
Largest sciatic measured 46 mm and
terminal femoral one measured 15 mm
Figure (4)

Table (1): Distribution of the studied patients according to nerve:

Nerve N %
Ulnar nerve 41 41
Radial nerve 19 19
Median Nerve 44 44
Digital Nerve 5 5

Posterior Tibial Nerve 10 10
Femoral & Sciatic Nerves 5 5
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Table (2): Validity of US in diagnosis of eligibility for surgery among the studied patients:

Surgery
us Total
Positive Negative
Positive 45 0 45
Negative 2 4 6
Total 47 4 51
Value
Sensitivity 95.7%
Specificity 100%
PPV 100%
NPV 66.7%
Accuracy 96.1%

figure (1) a cut in median nerve with nuroma incotenitly measured 10mm with defect in sheath measured 2mm

Figure (3) nerouma measured 8 x 2.5 mm in one branch of meidian nerve.
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Figure (4) nerouma detected at femoral and sciatic nerve Largest sciatic measured 46 mm and terminal femoral one

measured 15 mm

Discussion

Traumtic injuries of peripheral nerves are
increasingly recognized in today’s clinical
practice, because of improved trauma

services (9).

Traumatic Peripheral nervous system
injuries (TPNI) can result in multiple
pathologies, with involvement of single or
multiple nerve units and subsequent

sensory and/or motor impairment (10)

TPNI in the upper limb significantly
impact individuals’ function and ability to

return to work (11).

An understanding of the classification,
pathophysiology, and electrodiagnosis of
these lesions is critical to the appropriate
diagnosis, localization, and management

of peripheral nerve trauma (12).

US is now considered an optimal imaging
technique to evaluate the normal anatomy

and disorders of peripheral nerves (13).
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Recent rapid technical advances in US,
such as new ultra-high frequency probes
and smaller probe sizes, have led to
improved image quality. This, in turn, has
accelerated the growth of musculoskeletal
US. Known advantages of US are its lack
of ionizing radiation, noninvasiveness,

portability and low cost (14).

The improved resolution and wide
ultrasound (US)

instruments have made this tool useful in

availability  of

assessing nerve diseases and this may be

particularly true in traumatic lesions (15).

Ultrasonography not only allows one to
precisely localize the site of nerve injury.
it also indicates whether a nerve is
completely  transected or partially

dissected or



Whether the nerve is displaced or even
encased by surrounding scar formation or
by a fibrous (16).

So, accurate localization and the
assessment of severity of the lesion by
Sonography played an important role in
the decision making, whether to surgically
inspect the nerve or not (17).

The aim of this work was to describe the
role of high frequency US in diagnosis
and assessment of traumatic median,
ulnar, radial, digital, sciatic and femoral

nerve injuries .

In our study, we included 100 patients
who sustained trauma to the forearm and
the hand and lower limb clinically
suspected to have peripheral nerves
injury. Their age range from 25 to 45
years old, and mean age was 36.3% 5.625
years. Out of the 100 patients included, 51
were males (51%), and 49 were females
(49%) with male to female ratio (1.01:1).

In accordance with our study a study done
on 2009 concluded that the peripheral
nerve injuries were seen predominantly in
young men and in the most productive age
group. Trauma-related PNIs were clearly

less common after the age of seventy.

The most common clinical presentation in
patients was tingling and numbness which
is noted in 75 cases (75%).
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In another study it was stated that stated
that Ultrasonography was able to correctly
identify the site of nerve trauma in 6
patients presented with peripheral nerve
(18).

Trauma stretch injury, nerve compression
from trauma, or iatrogenic injury from
previous surgical exploration; in all cases,
ultrasonography demonstrated correct

lesion diagnosis and location (100%).

In agreement with previous study, we
correctly detected the location of nerve
injury by US evaluation. Nerve injury at
the upper limb was the most common
affected site; detected in 90 cases (90%)
median nerve was the most affected 44
cases (44%) digital nerve was the least
affected in upper limb 5 cases (5%),
nerves of lower limb less affected then
upper limb the most affected posterior
tibial nerve 10 cases (10%) and the least

affected sciatic nerve 5 cases (5%).

In the study which included 104 patients
that underwent surgery after forearm
nerve injury and the majority were males,
injury by a sharp object was the most
frequent etiologic factor and it occurred in
(59.6%) of patients (19). Concerning
associated injuries, patients had muscle or
tendon injury of the forearm, but forearm
bone fracture and vascular trauma were

also frequent. The total number of patients
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with associated injuries was 45.2% of the

total number of patients.

In similar result in our study, nerve injury
by sharp objects and lacerations mostly
RTA were the most common types of
nerve injury, sharp object was
encountered in 46 injured nerves(46%) |,
43 of them formed neuroma (43%) , 3 of

them complete cut of nerve (3%)

Nerve injury was associated with tendon,
bony or vascular injuries and synovitis
and other pathology 25 injured nerves
(25%) while 25 injured nerves (67.7%)

were not.

It was mentioned that high resolution and
color doppler was used to evaluate 6
patients suffered from trauma of the upper
limb nerves. The Most frequently injured
nerve was median nerve, followed by
ulnar nerve, then radial nerve. The most
common sonographic features observed in
nerve trauma was nerve thickening. The
epineurium was seen as an echogenic line
surrounding the nerve. Other sonographic
features seen were the development of a
scar tissue, partial and complete
discontinuity in the epineurium, & side
and end neuroma. The neuroma appeared
as a hypoechoic structure with no

vascularity (20).
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According to some studies (21 & 22),
combined lesion most commonly involved

the ulnar and median nerves.

This findings was significantly proved in
this study where Median nerve was the
most common injured nerve in our
patients detected in 44 (44 %), followed
by the ulnar nerve injury in 41 patients
(41%) while radial nerve injury was found
in 19 patients (19%)
median and ulnar nerve injuries was found
in 10 patient (10 %).

and combined

In a study done some years ago, it was
concluded that High-resolution
ultrasonography, = has  been  used
successfully to evaluate 14 cases of
traumatic  peripheral  nerve injury
preoperatively. It revealed axonal
swelling, neuroma formation, complete
nerve transaction prior to surgery and
improvement of subsequent surgical
planning. These findings were 100% in
agreement with intra operative findings

(23).

As for, preoperative and intraoperative
ultrasonography for upper extremity
peripheral nerve lesions used in the
description of the degree of injury,
determination of complete or incomplete
nerve sectioning, the presence of foreign

body, the continuity of the nerve,



determination of nerve stumps and scar

tissue, and the presence of neuroma (23).

In a study on 98 patients with trauamtic
nerve lesions, US specifically contributed
to the (1) assessment of nerve
continuity/discontinuity (2) identification
of aetiology; and (3) demonstration of
multiple sites of damage. US allows
evaluating the true distance between the
useful nerve ends (excluding neuromas or
frayed nerve endings that surgically must
be excluded).the study showed that
ultrasound was able to aid in the diagnosis
or modification of the therapeutic path in
60% of patients with traumatic nerve
lesions and was contributive mainly in
cases with neurophysiological evidence of
complete axonal damage. Anatomical
information is often crucial for choosing
the most appropriate therapeutic strategies

(and for surgical planning) (24)

In 2015, it was concluded that US can
provide the following: 1) whether the
nerve remains in continuity; 2) length of
the gap, if present; 3) presence of a focal
neuroma and its location/size; 4)
additional areas of nerve injury, such as
tandem lesions; 5) degree of adjoining
scar tissue; and 6) status of adjoining
tissues such as blood vessels and bone
(25).
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In another study it was stated that high
resolution ultrasongraphy can be helpful
in evaluation of 26 patients with
peripheral nerve lesions of the upper limb.
Ultrasonographic examination
demonstrated loss of continuity of a nerve
bundle, the formation of a neuroma of a
stump, and partial laceration of a nerve
with loss of the normal fascicular pattern.
There was agreement between US finding
and intraoperative findings in all cases

(26).

In agreement with previous studies; we
found that The majority of cases (44%) of
cases showed disruption of fascicles with
intact epineurium with thickening of
nerve axons, (3%) of cases had loss of
continuity in complete transection, (43%)
of cases had terminal neuroma, (5%) of
cases showed loss of fascicles but had no

loss of continuity..

In our study, neuroma incontinuity was
the most prevalent finding by US.it was
found in 43

Followed by swollen enlarged nerve

injured nerves(43%).

(thickening ) after repeated trauma in 39
injured nerves (39 %).proximal neuroma
was found in 5 injured
nerves(5%).Foreign bodies were found in
3 injured nerves (3%) and 2 injured nerve.
Entrapment by bony fragment and

incomplete tear are the least common
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findings found only in two injured nerve
(2%).

Foreign bodies appeared as hyperechoic
structures with acoustic shadowing; a
comet tail artifact can be seen if metallic
fragments exist. The reflectivity of a
foreign body depends on its acoustic
impedance on US. Therefore, metal and
glass are significantly more reflective than
glass and wood, respectively. As a result
of reactive inflammation or granuloma
formation, a hypoechoic area surrounding
the foreign body can be demonstrated in

subacute and chronic lesions.

It was stated that US is playing an
increasingly important role in the
diagnostic process for detection and
localization of foreign bodies, All soft
tissue foreign bodies (glass, metal, stone,
plastic, wood) are hyperechoic on US,
with a surrounding hypoechoic area
corresponding to granulation tissue,
edema, or hemorrhage. Posterior acoustic
shadowing or comet-tail artifact may be
present depending on the type of material
(27)

This agree with our study as we found 3
cases with foreign body impaction is
above the wrist joint and the other two
are at the upper third of forearm . FB
mostly appeared on US as localized

hyperechoic foci with posterior acoustic
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shadowing or comet tail sign or
surrounded by hypoechoic halo due to

granulation.

According to the study done on 2014 (10)
, high resolution ultrasound demonstrated
high sensitivity and specificity for the
detection of specific pathologies of
peripheral nerve injuries and its ability to

differentiate between them.

That was matched with the results of our
study, high frequency ultrasound had high
sensitivity 95.7% and specificity 100%
and overall accuracy 96.1% in diagnosis
of traumatic nerve injuries. this means
that preoperative US had 96.1 % accuracy
for detection of same structural changes
found during operation in cases of

traumatic nerve injury.

In the study done on 24 patients with 29
traumatic nerve injuries using new high
frequency ultrasound. Overall, the
ultrasound and clinical results were in
agreement for 28 of the 29 nerves (96%).
Limitations were because of extensive
fibrosis (28).

In a prospective study of 202 patients with
a history of trauma; all patients underwent
US and electrodiagnosis, 117 cases that
underwent operative treatment, the
accuracy of classification by using US

was 93.2%. There were 8 cases



misclassified by US, in which minimal
scar tissue was seen and surgery revealed
nerve degeneration (29). In our study,
preoperative US findings had agreed with
intra operative findings in 47 injured

nerves from 51 intra operative .

We had 4 cases (8 %)ut of the 51 cases
with  misdiagnosis, one case with
traumatic neuropathy and swollen nerve
was diagnosed as neuroma secondary to
partial nerve injury on US. One case on
US, in which partial injury was seen but

where surgery revealed a complete tear.

One of the limitations of ultrasonographic
nerve assessment is that the peripheral
nerves cannot be traced clearly throughout
their entire paths and require an
experienced radiologist with a thorough
knowledge of the ultrasonographic
appearance of different  soft-tissue

structures.

Overall Based on our findings, we believe
that  high-frequency ultrasonography
provides an economical and accurate
imaging modality utilized in the
diagnosis, assessment and treatment
planning of traumatic peripheral nerve

lesions.
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Conclusion

Overall, our study concluded that high
frequency ultrasound had high sensitivity
995.7% and specificity 100% and overall
accuracy 96.1% in diagnosis of traumatic

nerve injuries.

Ultrasonography not only allows one to
precisely localize the site of nerve injury,
it also indicates whether a nerve is
completely  transected or partially
dissected or whether the nerve is
displaced or even encased by surrounding
scar formation or by a fibrous or bony
callus after bone fracture. Furthermore,
ultrasonography may identify fracture
fragments compressing nerves in close
vicinity to bone fractures, detect foreign
bodies or may quantify the amount of
nerve retraction after complete nerve

transection.

US can be used to facilitate the
preoperative diagnosis and planning of
the optimal treatment strategy as it can
permit tracing the injured nerve at the

lesion site and the neuroma’s extension.

Finally, US have high accuracy for
detection, diagnosis, assessment and
traumatic

treatment  planning  of

peripheral nerve lesions.
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