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Abstract

Background: Muscle injuries are extremely common and
may have a profound effect on the individual presenting with
them. Determination of the severity of injury to the soft tissues
is an important component of patient assessment and affects
management of closed fractures.

Aim of Study: To assess muscle injury associated with
upper and lower closed limb fracture using ultrasound, and
to develop ultrasound classification criteriafor muscleinjury.

Patients and Methods: This study is a prospective obser-
vational study, was conducted on 30 patients with closed limb
fracture and muscle injury at Diagnostic Radiology Depart-
ment, Ain Shams Hospitals, through of 3 months.

Result: The mean size of muscle hematomawas 25.16+
6.99mm with range from 15mm to 36mm. The hematoma
showed a honeycombed pattern in 3 (10%) cases.

Conclusion: Ultrasonography is useful for diagnosing
acute muscle injury associated with limb fracture. The ultra-
sound classification criteria for muscle injury can be used to
predict the severity of injury and guide decision on the type
of treatment. However, the criteria need to be verified on a
larger sample of patients, and some sections of the proposed
criteriamay require amore detailed analysis.
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Introduction

MUSCLE injuries are increasingly common and
are often caused by acute trauma, with traffic
accidents and armed conflict accounting for a
significant portion of injuries. The skeletal muscle
contains a pool of resident stem cells, known as
satellite cells are located between the plasma mem-
brane of myofibers and the basal lamina, which
are primarily responsible for muscle regeneration.
In addition to the expansion of satellite cells, timely
and successful muscle regeneration is dependent
upon awell-regulated inflammatory cascade [1].
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The complex interplay between muscle tissue
and the immune system is directly responsible for
the proper regeneration following soft tissue trauma.
Intramuscular leukocyte populations are an essential
component of healthy skeletal muscle, and these
cell populations increase and change drastically
following muscle injury. Such injuries are associ-
ated with local inflammation and typically heal in
the following order of events: Inflammatory phase
[0-7 days post-injury]; regeneration phase; and
remodelling and repair phase [2].

Muscle injury associated with closed limb
fracture is commonly observed in daily medical
practice.

However, an early image diagnosis can reduce
patient discomfort and guide the decision of wheth-
er to implement surgical or conservative treatment

3.

The muscle is a soft tissue that is most easily
studied by ultrasonography. Moreover, ultrasonog-
raphy has been one of the first imaging techniques
available for the evaluation of muscle disease [4] .

Due to advances in ultrasound technology, it
offers significant advantages over other imaging
techniques in assessing muscle injury. Owing to
its multiplanar approach, both transversal and
longitudinal, dynamic examination of muscle,
excellent spatial resolution, and definition of muscle
structure, ultrasonography is on the leading edge
in the assessment of muscle pathology. Further-
more, it is faster, more convenient, and cheaper
than magnetic resonance imaging (MRI) [5].

However, at present, muscle ultrasonography
ismainly used in sports traumatology to help a
physician decide whether a patient should or should
not resume professional training and competition.
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The use of ultrasonography to examine limb frac-
ture associated with muscle injury is uncommon

[6].

When closed limb fracture is associated with
muscle injury, it isimportant to assess the viability
of the muscle to decide whether a surgery isre-
quired, and which area should be operated on.

The ultrasound assessment foucs on 4 charac-
teristics of injury of muscle fibre and complications
of muscle rupture, namely, muscle hematoma,
vascular injury, and diameter growth rate of the
muscle to develop the ultrasound classification
criteriafor muscle injury [7].

Aim of the work:

The study aimed to assess muscle injury asso-
ciated with upper and lower closed limb fracture
using ultrasound, and to devel op ultrasound clas-
sification criteriafor muscleinjury.

Patients and M ethods

This prospective observational study was con-
ducted at Ain Shams University Hospitals on 30
patients; range from 19 to 73 years old, 18 males
and 12 females in 3 months from December 2020
to February 2021. All patients have closed limb
fractures; 16 have lower limb fracture and 14 have
upper limb fracture with exclusion of patients with
open limb fracture, muscle inflammation, infection,
hernia, tumor or intrinsic injury.

Sudy design: Aprospective observationa study.

Study setting: Diagnostic Radiology Depatment,
Ain Shams Hospitals.

Study population: Thirty patients with closed
limb fracture and muscle injury.

Inclusion criteria: Patients with muscle pathol -
ogy related to closed limb fractures.

Exclusion criteria: Patients with open fractures.
Patients with chronic lesions. Patients with muscle
inflammation or infection. Patient with muscle
hernia. Patient with muscle tumor. Patient with
intrinsic injury.

Sample size: 30 Patients ranged from 19 to 73
years with amean age 46.0% 14.51 years; 18 males
and 12 females; 16 patients have lower limb and
14 have upper limb fractures.

Sudy procedure:

All procedures had been carried out in accord-
ance with ethical standards, and informed consent

was obtained from all patients. This study had been
performed using colour Doppler ultrasound on
patients with acute muscle injury associated with
closed limb fracture. A total of 30 patients with
limb fracture and muscle injury had been examined
with ultrasound within 24 hours after fracture and

before surgery. Muscles are usually examined using
alinear array high frequency transducer In our

study, we will use a7-MHz to 15-MHz compact
linear array ultrasound transducer to examine muscle
injury associated with closed limb fracture. We had
been use color-flow Doppler ultrasound imaging,
which iswidely used to show the blood flow in
main arterial or venous injury and to help delineate
the areas of acute muscle injury by showing in-
creased blood flow to the affected areas. First, we
had been use color Doppler ultrasound to assess
the 4 major characteristics of muscle injury: Muscle
fibre and complications of muscle rupture, namely,
muscle hematoma, main vascular injury, and diam-
eter growth rate of the muscle. To measure the
diameter growth rate of the muscle (R change). We
first had been measure the maximum thickness of
the muscle from the superficial to deep layer of the
muscle in both the injured (Finjury) and uninjured
limbs (Fconrol). Then, we had been calculate the
diameter using the following equation: (Rchange)

= (Finjury - Fconroal) / (Fconrol). Next, we had
been comparing the results with operative or path-

ological findings. Last, each of the four character-
istics had been given a score to represent the degree
of severity. In addition, injury had been classified
into 3 grades according to the ultrasound imaging:

Score lessthan 9, equal to 9, and more than 9.

Main outcome measures: The three grades cor-
respond to progressively increasing severity of
muscle rupture or injury in patients with limb
fracture.

Satistical analysis:

Data were collected and coded to facilitate data
manipulation and double entered into Microsoft
Access and data analysis was performed using
Statistical Package of Social Science (SPSS) soft-
ware version 18 in windows 7. Simple descriptive
analysisin the form of numbers and percentages
for qualitative data, and arithmetic means as central
tendency measurement, standard deviations as
measure of dispersion for quantitative parametric
data. Quantitative data included in the study was
first tested for normality by One-Sample Kol-
mogorov-Smirnov test in each study group then
inferential statistic tests were selected. For quali-
tative data: Chi square test to compare two of more
than two qualitative groups. Sensitivity and specif-
icity test for testing a new test with ROC curve



Mohammed Abdulaziz, et al.

"Receiver Operating Characteristic". The p-value
< 0.05 was considered the cut-off value for signif-
icance.

Ethical consideration: This study was reviewed
by Ain Shams University, Faculty of Medicine

(A)

©

B
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(Research Ethical Committee). Consent was taken
from all patients, all the patient had the right not
to participate in the study. The study was conducted
after explaining the aim of the study and was
confidentally expressed to the participants.

(B)

(D)

(F)

Fig. (1): 30 years old male patient came after road traffic accident, ultrasound image shows Grade | muscle rupture, but
focal fibre rupture with less than 5% of the muscle involved; ultrasonography shows a hypoechoic mass within the muscle fibres
(yellow arrow) (A, B). Grade Il partial muscle rupture; the muscle belly forms areal mass, with focal fibre rupture with more
than 5% but less than 30% of the muscles involved. Ultrasonography shows a hypoechoic mass within the muscle fibres (yellow
arrow) (C, D). Grade I11 lesion represents focal fibre rupture with more than 30% of muscle rupture with retraction, and it also
shows the bell-clapper sign, with torn muscle fragments floating in the serohematic fluid (yellow arrow) (E). Ultrasonography
shows alimb fracture, fracture of the radius (yellow arrow point) (F).
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Fig. (2): 36 years old male patient came to ER after road traffic accident ultrasound image shows vascular abnormalities

on ultrasonography: Decreased arterial diameter and blood flow (A); partial arterial or venous disruption, partial
arterial thrombosis (B).

Fig. (3): 19 years old female patient came to ER after road traffic accident, the ultrasound image shows the diameter
growth rate of the muscle is 170%, and this group can be classified as Grade 3; the growth rate exceeds 50%
(A&B). The diameter growth rate of the muscle is 12%, and this group can be classified as Grade 2; the growth
rate is between 10% and 50% (C& D).

Results Table (1): Distribution of patients regarding demographic data.
) ) ) . Studied patients

This prospective observatina study was done Sre?‘r-:())p?atfl]\i/(? deta (n=30)
among 30 patients with [imb fracture and muscle orep No. %
injury. Age at operative

intervention (years):
. . R 19.0-73.0

As regard demographic data;.age of the patients M"fe';?]ei D 460+ 15.51
ranged from 19 to 73 years with mean age was Median 455
46.0+15.51 years. There were 18 (60%) males and Gender:
12 (40%) females with amale to female ratio of Male 18 60.0

1.5:1. Female 12 40.0




Mohammed Abdulaziz, et al.

Table (2): Distribution of patients according to clinical data.
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Table (3): Distribution of patients according to US findings.

Studied patients
Clinical data (n=30)
No. %
Injury type:
Lower limb 16 53.3
Upper limb 14 46.7
Focal fibre rupture (Fig. 1):
No 17 56.7
Yes 13 433
Percent of injured area:
Range 10.0-35.0
Mean * SD 23.67+6.69
Median 25.0
10% 2 6.7
15% 3 10.0
20% 8 26.7
2504 7 233
30% 8 26.7
35% 2 6.7
Sze of muscle hematoma:
Range 15.0-36.0
Mean * SD 25.16+6.99
Median 24.0
Hematoma honeycombed pattern:
No 27 90.0
Yes 3 10.0

Studied patients
USfindings (n=30)
No. %
Vascular rupture (Fig. 2): 23 76.7
No 7 233
Yes
Muscle thickness (Fig. 3):
Range 5.0-17.0
Meant SD 10.60+3.98
Median 105
Increase in the diameter of muscle
growth rate exceeding 50%:
No 18 60.0
Yes(Fig. 3) 12 40.0
Increase in the area of muscle
growth rate exceeding 50%:
No 18 60.0
Yes 12 40.0

Table (4): Grading of muscle lesions according to US findings.

Studied patients
US findings (n=30)
No. %
Ultrasonography of muscle fibre:
Gradel (Fig. 1A,B) 26 86.7
Gradell (Fig. 1C,D) 3 10.0
Grade lll (Fig. 1E) 1 33

Fig. (4): 34 years old female patient came to ER after
road traffic accident. Grade | muscle injury but
focal fibre rupture less than 5% of the muscle
involved. 2-54 years old male patient came to
ER after road traffic accident.

Fig. (5): 33 years old male patient cameto ER after fall from
height. Trasonography shows increased diameter of
muscle growth.
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Fig. (6): 50 years old male patient came to ER ater road traaic accident, ultrasound image shows vascular
abnormasities on ultrasonography; decreased arterial diameter and blood flow.

Discussion

Muscle injury associated with closed limb frac-
ture is commonly observed in daily medical prac-
tice. Although clinical evaluation remains the
mainstay of the early and accurate diagnosis of
muscle injury, posttraumatic local oedema and
severe pain can limit physical examination, and
complete muscle tears can even be missed. How-
ever, an early image diagnosis can reduce patient
discomfort and guide the decision of whether to
implement surgical or conservative treatment [g].

The muscle is a soft tissue that is most easily
studied by ultrasonography. Moreover, ultrasonog-
raphy has been one of the first imaging techniques
available for the evaluation of muscle disease. Due
to advances in ultrasound technology, it offers
significant advantages over other imaging tech-
nigques in assessing muscle injury. Owing to its
multiplanar approach, both transversal and longi-
tudinal, dynamic examination of muscle, excellent

spatial resolution, and definition of muscle struc-
ture, ultrasonography is on the leading edge in the
assessment of muscle pathology [9].

Ultrasound has become an increasingly utilized
modality for evaluating soft tissue abnormalities
of the musculoskeletal system. There has been a
tremendous expansion of the medical literaturein
the past two decades paralleling this clinical use.
Most instructional resources for muscul oskel etal
ultrasound display sonographic anatomy in neutral
or other conventional positions. Theclinicianis
often challenged with anatomic alterations that are
different from familiar sonographic appearances.
Thisisfrequently a problem in conditions of trau-
ma, post-surgical alteration, and spasticity. The
changes in appearance are not only aresult of
alterations in normal positional relationships, but
also torsiona stress on the soft tissue. A systematic
approach to these imaging challenges can assist
with improving clarity and accuracy of interpreta-
tion [6].
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Furthermore, it is faster, more convenient, and
cheaper than magnetic resonance imaging (MRI).
However, at present, muscle ultrasonography is
mainly used in sports traumatology to help a phy-
sician decide whether a patient should or should
not resume professional training and competition.
The use of ultrasonography to examine limb frac-
ture associated with muscle injury is uncommon
[10].

When closed limb fracture is associated with
muscle injury, it isimportant to assess the viability
of the muscle to decide whether a surgery isre-
quired, and which area should be operated on [11].

The main aim of this study was to assess muscle
injury associated with upper and lower closed limb
fracture using ultrasound, and to develop ultrasound
classification criteriafor muscleinjury.

This prospective observational study was con-
ducted at Diagnostic Radiology Department, Ain
Shams Hospitals. This study included thirty patients
with (closed) limb fracture and muscle injury. The
duration of the study was 3 months.

The main results of this study were as following:

As regard demographic data; age of the patients
ranged from 19 to 73 years with mean age was
46.0£ 15.51 years. There were 18 (60%) males and
12 (40%) females with a male to female ratio of
1.5:1.

Muscle injuries are recognized to be among the
most frequent injuries occurring in the sporting
and athletic population, and they account for more
than 30% of all injuriesin professional soccer
players. Despite their considerable frequency and
impact, there is still alack of uniformity in the
categorization, description and grading of muscle
injuries. For example, even though “muscle strain”
is one of the terms most often used to refer to
muscle injuries, it still lacks a clear definition and
is used with awide range of meanings. If we
consider that the most widely used classifications
and grading systems lack prognostic validity, itis
easy to understand why, in the literature, there are
several clinical and radiological systems, but none
that is universally acknowledged accepted as the
gold standard [13].

For the aforementioned reasons, recent years
have seen several attempts to develop comprehen-
sive classification systems, incorporating anatom-
ical details, clinical signs and radiographic features
of muscle injuries, to investigate their prognostic
value through large cohort studies, and to achieve

2353

uniformity in the current terminology referring to
muscle injuries [14] .

The present study showed that as regard clinical
data of the studied group; Sixteen (53.3%) patients
had upper limb injury and the other 14 (46.7%)
had lower limb injury. Focal fibre rupture was
observed in 13 (43.3%) cases. The mean percent
of injured areawas 23.67+6.69%. in two (6.7%)
cases, the injured area exceeded 30%. The mean
size of muscle hematoma was 25.16 +6.99mm with
range from 15mm to 36mm. The hematoma showed
ahoneycombed pattern in 3 (10%) cases. Vascular
rupture was observed in 7 (23.3%) cases.

Imaging and analysis of muscle cross-sectional
area (CSA) can give understanding of the health
and force production potential of amuscle. This
can be particularly useful for assessment of muscles
that are hard to isolate during functional testing,
for examplein the lower leg (knee to ankle, ana-
tomically known as the leg), where several muscles
perform the same actions. Asthere are no commer-
cialy readily available devices used to assess
strength of specific or isolated leg muscles, ana-
tomical muscle CSA providesthe ability to infer
force production of these muscles [12].

There are currently limited ways to assess
muscle CSA in vivo. These include magnetic res-
onance imaging (MRI), computed tomography,
and ultrasound imaging (US). MRI has been vali-
dated and is now largely considered the “gold
standard” for comparison of other imaging methods,
however MRI is expensive, time consuming, and
not always readily available. Computed tomography
has limited availability for these purposesin the
research and clinical settings as aresult of the
consequences of repeated radiation exposure, as
well as cost. Ultrasound imaging is arelatively
low-cost aternative that is becoming readily avail-
ablein the research and clinical settings; however,
validation of US compared to MRI is necessary
for specific muscle groups.

Can be recorded in retrospective video clips
(Cine-loops), that have been shown to decrease
operator imaging and measurement error. Aswith
other imaging modalities, however, US imaging
is operator dependent, requires significant operator
training, and has alimited field of view that requires
detailed anatomical knowledge of the imaged area
[15].

While US measurements of several muscle
groups have been validated with MRI, few studies
have reported this data from any leg muscles. The
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specific arrangement and anatomical relationships
of leg muscles present unique challenges to image
acquisition and measurement. As these leg muscles
are crucial during dynamic movement as well as
during static posture and balance, the ability to
assess these muscles CSA accurately, reliably, and
quickly is necessary [16].

US examination of a patient with suspected
muscle injury should always be preceded by an
accurate reporting of the patient's medical history
including the mechanism of injury, symptoms,
possible pain and loss of strength, and a careful
clinical evaluation which may reveal the presence
of masses or morphological alterations of the of
anatomical part under consideration. The patient
should be placed in a comfortable position to
facilitate transverse and longitudinal US scanning
of the muscles in question, from the proximal
attachment to the distal attachment including the
myotendinous junction and entheses. In some cases,
adynamic evaluation of the muscle groupsin
guestion may be useful. The entire muscle injury
must be carefully studied, paying particular atten-
tion to the surrounding vascular and nervous ele-
ments. A careful study of the adjacent blood vessels
is particularly important in view of the risk of
venous thrombosis as aresult of muscleinjury [17].

The current study showed that as regard Ultra-
sonography findings of studied patients; vascular
rupture was observed in 7 (23.3%) cases. The mean
muscle thickness was 10.60+3.98mm with range
from 5mm to 17mm. 12 (40%) cases showed in-
crease in the diameter of muscle growth rate ex-
ceeding 50%. 12 (40%) cases showed an increase
in the area growth rate of the muscle exceeding
50%.

Asregard Grading of muscle injury using Ul-
trasonography; 26 (86.7%) cases had grade |, 3
(10%) cases had grade 11 and only one case had
grade lll.

Our results were supported by study of Liu et
a., [3] asthey used ultrasonography to assess
muscle fibre rupture, muscle hematoma, main
vascular injury, and diameter growth rate of the
muscle. The ultrasound assessment of muscle fibre
rupture directly reflects the muscle injury; muscle
hematoma s one of the most important complica-
tions of muscle rupture; ultrasound assessment of
main vascular injury shows blood flow in the
injured muscle; and the diameter growth rate of
the muscle reflects the extent of contusion and
swelling. These four aspects are the most important
when assessing muscle injury associated with upper
and lower limb fracture.

Based on the above four characteristics of
muscleinjury, Liu et al., [3] used the existing
clinical assessment standards, such as the mangled
extremity syndrome index and the mangled extrem-
ity security score, aswell as the available data on
ultrasound assessment of muscle injury [18,19] to
establish the ultrasound classification criteriafor
muscle injury. Muscle fibre, which isthe first
ultrasound classification criterion, is considered
to be the most important one because it directly
reflects the changes of the injured muscle. The
other criteria B: Complication of muscle rupture
(muscle hematoma); C: Main vascular injury; D:
Diameter growth rate of the muscle) score the same
number of points because, in our opinion, they
equally contribute to early muscle injury associated
with limb fracture. The total scorein the classifi-
cation criteriais 14 points, and the patients may
gain ascore from 4 to 14 points. Depending on
the score achieved by a patient, a different treatment
isadministered. Eleven patients with scores ranging
from 4 to 8 received conservative treatment; 9
patients with scores ranging from 10 to 14 received
operéative treatment; and 10 patients with scores
equal to 9 received either conservative or operative.
Thus, patients with a score of less than 9 points
may have muscleinjury that is not severe, and
surgical treatment should be applied in patients
scoring greater than 9 points (fasciotomy, blood
vessel or nerve exploration, removal of the necrotic
tissue and hematoma, incision decompression,
osseous fascia compartment). Similarly, the clas-
sification criteriamay be used to predict prognosis.
If the scoreislessthan 9, the prognosisis likely
to be good, and when the score is greater than 9,
the prognosisislikely to be poor. However, in
order to improve further studies, they should have
agreater sample size of patients.

Muscle injuries are the most common injuries
in patients with closed limb fracture. Recently, an
increasing number of orthopedic surgeons have
started to consider muscle injury as more important
than limb fractureitself, because it is closely related
to the functional recovery of the upper limb and
lower limb. Although clinical evaluation remains
the mainstay of the early and accurate diagnosis
of amuscleinjury, posttraumatic local oedema and
severe pain can limit physical examination, and
even complete muscle tears can be missed. There-
fore, an early diagnosis can reduce patient discom-
fort and guide the decision of whether to implement
surgical or conservative treatment [20].

There are two diagnostic imaging methods,
ultrasonography and MRI, that can be used for an
early diagnosis of muscle injury. Compared with
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ultrasonography, MRI seems to be superior for
diagnosing and predicting the outcome of patients
with muscle injuries. The MRI measurements of
the lesion size, including height on longitudinal
sections above the cross-sectional surface, may be
useful. However, the available data are limited and
contradictory, particularly regarding the influence
of theinitial lesion size on recovery time and
recurrence risk after acute hamstring strains [21].

Chan et al., [18] tried to integrate location of
the injury, defined as the involvement of the prox-
imal or distal musculotendinous junction or muscle
body, with precise three-grade MRI- and US-based
severity assessment systems. Moreover, afurther
sub-classification of injuries directly affecting the
muscle body was suggested, specifying proximal,
middle or distal location and fascial involvement.
The value of this anatomical diagnosisliesin the
fact that the distance of the hamstring lesion from
theischial tuberosity has been directly correlated
with return to sport in sprinters.

USis not the method of choice for classifying
extrinsic muscle injuries, but in mild injuries US
may show the muscle as hyperechoic without tear-
ing of the muscle fibers, in moderate injuries US
may show frayed muscle fibersinvolving less than
50% in the axial plane, and in severeinjuries US
may show hematoma involving most of the mus-
cles. Intrinsic injuries are categorized into three
grades based on the extension of the lesion: Grade
1 involves afew muscle fibers within abundle; in
grade 2, the damaged fibers occupy up to 3/4 of
the involved portion of the muscle; in grade 3,
more than 3/4 is damaged and the lesion may
involve the entire muscle belly (complete rupture).
Therole of USisto assess the longitudinal extent
of the lesion, calculate the volume of the hematoma
and detect possible compression of the adjacent
structures [22].

Conclusion:

In conclusion, ultrasonography is useful for
diagnosing acute muscle injury associated with
limb fracture. The ultrasound classification criteria
for muscle injury can be used to predict the severity
of injury and guide decision on the type of treat-
ment. However, the criteria need to be verified on
alarger sample of patients, and some sections of
the proposed criteria may require a more detailed
analysis.
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