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Objective. The aim of this study was to assess muscle injury associated with upper and lower closed limb fracture using ultrasound,
and to develop ultrasound classification criteria for muscle injury. Patients and Methods. Thirty patients with limb fracture and
muscle injury participated in this study. Ultrasonography was used to assess muscle fibre, hematoma, vascular injury, and diameter
growth rate. Injury was classified into three grades according to the ultrasound imaging: scores of less than, equal to, or greater
than 9. Results. Of 30 patients, focal fibre rupture was observed in 11 cases; in 9 cases, the injured area exceeded 30% of the muscle
area. Six patients hadmuscle hematoma (the largest reaching 39mm); in 4 patients, the hematoma showed a honeycombed pattern.
Vascular rupture was observed in 6 patients, of which 2 had decreased main arterial diameter and blood flow.The greatest increase
in muscle thickness was 17mm. Of all patients, 11 showed an increase in the diameter growth rate of the muscle exceeding 50%.
In addition, among the 30 patients, 11 patients with scores ranging from 4 to 8 received conservative treatment; 9 patients with
scores ranging from 10 to 14 received operative treatment; and 10 patients with scores equal to 9 received either conservative or
operative treatment. Conclusions. Ultrasonography is useful for diagnosing muscle injury associated with closed limb fracture.The
ultrasound classification criteria for muscle injury can be used to assess the severity of injury and guide the decision of treatment.

1. Introduction

Muscle injury associated with closed limb fracture is com-
monly observed in daily medical practice. 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. However, an early image
diagnosis can reduce patient discomfort and guide the
decision of whether to implement surgical or conservative
treatment [1].

The muscle is a soft tissue that is most easily studied by
ultrasonography. Moreover, ultrasonography has been one
of the first imaging techniques available for the evaluation
of muscle disease [2–4]. Due to advances in ultrasound
technology, it offers significant advantages over other imaging
techniques in assessing muscle injury [5]. 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 [1, 2, 5, 6].
Furthermore, it is faster, more convenient, and cheaper than
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magnetic resonance imaging (MRI). However, at present,
muscle ultrasonography is mainly used in sports trauma-
tology to help a physician decide whether a patient should
or should not resume professional training and competition
[2, 7]. The use of ultrasonography to examine limb fracture
associated with muscle injury is uncommon.

When closed limb fracture is associated with muscle
injury, it is important to assess the viability of the muscle to
decide whether a surgery is required, and which area should
be operated on. In our study, we used ultrasonography to
examine muscle pathology and, at the same time, to assess
the viability of the muscle in limb fracture associated with
muscle injury. We focused our ultrasound assessment on 4
characteristics of muscle injury—muscle fibre [2, 7–9] and
complications of muscle rupture, namely, muscle hematoma,
vascular injury [10], and diameter growth rate of the muscle
[5, 11–15]—todevelop the ultrasound classification criteria for
muscle injury.

2. Materials and Methods

The study was approved by the Ethics Committee at the
Seventh Affiliated Hospital of Sun Yat-sen University. All
procedures were carried out in accordance with ethical stan-
dards, and informed consent was obtained from all patients.

This study was performed using color ultrasound on
patients with acute muscle injury associated with closed limb
fracture. A total of 30 patients with limb fracture and muscle
injury were examined with ultrasound within 24 hours after
fracture and before surgery.

In our study, we only examined muscle pathology related
to limb fractures and excluded other conditions such as
chronic lesions, sports injuries, muscle inflammation or
infection, muscle hernia, muscle tumour, or intrinsic injury.

Muscles are usually examined using a linear array high-
frequency transducer [16]. In our study, we used a 7-MHz to
15-MHz compact linear array ultrasound transducer (Venue
40, General Electric Health, Schenectady, NY, USA) to
examine muscle injury associated with closed limb fracture.
With this machine, we used color-flow ultrasound imaging,
which is widely used to show the blood flow in main arterial
or venous injury [17] and to help delineate the areas of acute
muscle injury by showing increased blood flow to the affected
areas [16].

First, we used color ultrasound to assess the 4major char-
acteristics of muscle injury: muscle fibre and complications
of muscle rupture, namely, muscle hematoma, main vascular
injury, and diameter growth rate of the muscle. To measure
the diameter growth rate of the muscle (𝑅𝑐ℎ𝑎𝑛𝑔𝑒), we first
measured the maximum thickness of the muscle from the
superficial to deep layer of the muscle in both the injured
(𝐹𝑖𝑛𝑗𝑢𝑟𝑦) and uninjured limbs (F𝑐𝑜𝑛𝑡𝑟𝑜𝑙). Then, we calculated
the diameter using the following equation: 𝑅𝑐ℎ𝑎𝑛𝑔𝑒 = (𝐹𝑖𝑛𝑗𝑢𝑟𝑦−
Fcontrol)/Fcontrol . Next, we compared the results with operative
or pathological findings. Last, each of the four characteristics
was given a score to represent the degree of severity. In
addition, injury was classified into 3 grades according to the
ultrasound imaging: score less than 9, equal to 9, and more
than 9.

3. Results

The ages of the patients ranged from 15 to 75 years (mean age
was 32.8 years). There were 18 men and 12 women. Seventeen
patients had upper limb injury and the other 13 had lower
limb injury. Focal fibre rupture was observed in 11 cases; in
9 cases, the injured area exceeded 30%. Sixteen patients had
muscle hematoma (the largest reaching 39mm); in 4 patients,
the hematoma showed a honeycombed pattern. Vascular
rupture was observed in 6 patients, of which 2 had decreased
arterial diameter and blood flow. The greatest increase in
muscle thickness was 17mm. Of all patients, 11 showed an
increase in the diameter growth rate of the muscle exceeding
50%, and 11 showed an increase in the area growth rate of the
muscle exceeding 50%.

3.1. Ultrasonography of Muscle Fibre. Themain goal of ultra-
sonography in muscle injury associated with limb fracture is
to assess the viability of the injured muscle. In muscle injury,
the lesions can be divided using the four-grade classification
system as recommended previously by numerous authors,
including us [2, 7, 8].

Grade 0 corresponds to no lesions or, in other words,
no abnormal areas, on ultrasound examination. Grade I
corresponds to focal fibre rupture with less than 5% of
the muscle involved [2]. However, in many cases, Grade
0 cannot be clearly distinguished from Grade I. Therefore,
Grades 0 and I can be merged into a single grade—Grade
I—characterized by no abnormalities or focal fibre rupture
with less than 5% of the muscle involved [7, 18] (Figures 1(a)
and 1(b)).

Grade II corresponds to partial muscle rupture, which is
focal fibre rupture withmore than 5% but less than 30% of the
muscle involved with or without fascial damage [7, 8, 18, 19].
Ultrasonography can often clearly demonstrate a hypoechoic
or even anechoic gap within muscle fibres (Figures 1(c) and
1(d)). When using the ultrasound transducer with gentle
pressure, we can see torn muscle fragments floating in a
serohematic fluid. This causes a peculiar sign, known as the
bell-clapper sign, as shown in Figure 1(e). The bell-clapper
sign is used to describe the retracted echogenic muscle
fragments surrounded by hypoechoic hematoma [2, 5].

Grade III lesions are characterized by focal fibre rupture
of more than 30% to complete muscle rupture with retraction
and can be associated with fascial damage. Grade III lesions
may be observed in patients with severe muscle rupture
associated with limb fracture, although they are uncommon.
Sometimes a few lesions are clinically evident as grade III
lesions because the muscle belly forms a real mass or because
a gap can be palpated between the retracted ends of the
muscle (Figures 1(c), 1(d), and 1(e)) [2].

The three grades correspond to progressively increasing
severity of muscle rupture or injury in patients with limb
fracture.Whenmuscle injury is associatedwith limb fracture,
a tendency may be observed, in which the higher the grade of
the muscle rupture, the lower the degree of the muscle injury.
In some cases of superficial limb fracture, we can also observe
the fracture on ultrasonography (Figure 1(f)).
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Figure 1: Grade I muscle rupture, but focal fibre rupture with less than 5% of the muscle involved; ultrasonography shows a hypoechoic mass
within themuscle fibres (yellow arrow) (a, b). Grade II partial muscle rupture; the muscle belly forms a real 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 III 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 a limb fracture, fracture of the
radius (yellow arrow point) (f).

3.2. Major Early Complication of Muscle Rupture: Mus-
cle Hematoma. Muscle hematoma, both intramuscular and
intermuscular, is the major early complication of muscle
ruptures [20] and is another key ultrasound feature of muscle
injury. In most of the cases, the hematoma presents as a
hypo- or anechoic circumscribed lesion (Figures 1(e) and
2(b)). However, in severe cases, some lesions may have
a honeycombed patternon ultrasonography (Figure 5(a))
probably because the injured muscle becomes swollen and
numerous small hematomas form in the muscle [5].

Based on the above, we can distinguish 3 grades depend-
ing on the severity of the rupture. The first grade is
no hematoma or one small hematoma (diameter <10mm,
including either intramuscular or intermuscular hematoma);
the second grade is from 1 to 2 hematomas (total diameter:
10–30mm); and the third grade is 3 or more hematomas
(total diameter: >30mm) or a honeycombed pattern shown
on ultrasound.

In some cases of severe muscle ruptures, the hematoma
can be quite large (Figures 2(a) and 5(b)), resulting in

compartment syndrome that will further compromise the
condition of the surrounding muscles, vessels, and nerves.
In these cases, a needle evacuation of the hematoma may be
recommended [2, 19].

3.3. Vascular Injury on Ultrasonography. Color Doppler ul-
trasound imaging is the most useful method for evaluating
blood flow in the skeletal muscle. A positive Doppler signal
and color ultrasound imaging allow detecting even minor
strain injuries (Figures 3(a) and 3(b)). In ultrasound imaging
of the muscle injury, there are 4 features of the main vascular
injury that need to be considered, namely, partial or com-
plete arterial or venous disruption, main artery thrombosis,
decreased arterial diameter, and decreased arterial blood
flow.

To identify the severity of vascular damage in muscle
injury, we distinguished 3 grades. Grade 1 corresponds to no
abnormalities on vascular ultrasonography. Grade 2 corre-
sponds to a few abnormalities on vascular ultrasonography,
including a decreased arterial diameter and blood flow,
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Figure 2: Hematoma presenting as a hypoechoic (b) or anechoic (a) circumscribed lesion.

(a) (b)

Figure 3: Vascular abnormalities on ultrasonography: decreased arterial diameter and blood flow (a); partial arterial or venous disruption,
partial arterial thrombosis (b).

partial arterial or venous disruption, partial arterial throm-
bosis, and main artery thrombosis. Grade 3 corresponds to
severe abnormalities on vascular ultrasonography, such as
complete arterial rupture, complete artery thrombosis, and
absence of blood flow in the distal muscle.

The different grades of vascular damage correspond to
various degrees of muscle injury, and patients may generally

have a poor long-term outcome if the artery shows irre-
versible severe arterial damage [10].

3.4. Diameter Growth Rate ofMuscle. When assessing muscle
injury, another important aspect is an increase in the muscle
diameter due to contusion and swelling of the injured muscle
[5, 11–14]. Intramuscular contusion occurs after blunt trauma
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Figure 4: The diameter growth rate of the muscle is 170%, and this group can be classified as Grade 3; the growth rate exceeds 50% ((a) and
(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)
and (d)).

to the muscle and presents with immediate and prolonged
pain at the injury site. On ultrasonography, a contusion is
seen as an ill-defined, hyperechogenic area in the muscle that
may cross the fascial boundaries. In acute cases, the muscle
becomes swollen and may be isoechoic with an uninjured
muscle [5, 15].

In our patients, the diameter growth rate of the muscle
was from 0% to 170%, and we used 3 grades to distinguish
between those rates. Grade 1 corresponds to a growth rate
of less than 10%; Grade 2, 10% to 50% (Figures 4(c) and
4(d)); and Grade 3, more than 50% (Figures 4(a) and 4(b)).
These 3 grades correspond to different degrees of muscle
injury.

4. Discussion

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 fracture itself, 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 a muscle
injury, posttraumatic local oedema and severe pain can limit
physical examination, and even complete muscle tears can
be missed. Therefore, an early diagnosis can reduce patient
discomfort and guide the decision of whether to implement
surgical or conservative treatment [1].
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(a) (b)

(c) (d)

Figure 5: Ultrasound classification criteria for muscle injury—a case with a total score of 13 points. (a) Grade III lesions, complete muscle
fibre rupture, ruptured muscle with retraction, fascial injury, the bell-clapper sign, torn muscle fragments floating in the serohematic fluid.
(b) Hematoma presenting as an anechoic circumscribed lesion; the total muscle diameter is 39mm. (c) Decreased arterial diameter and blood
flow, partial arterial disruption. (d) The result of this patient after surgery: complete muscle fibre rupture, fascial injury, several hematomas
present, partial but continuous arterial disruption.

There are two diagnostic imaging methods, ultrasonog-
raphy and MRI, that can be used for an early diagnosis of
muscle injury. Compared with ultrasonography, MRI seems
to be superior for diagnosing and predicting the outcome
of patients with muscle injuries [20]. The MRI measure-
ments of the lesion size, including height on longitudinal
sections above the cross-sectional surface, may be useful [21].

However, the available data are limited and contradictory,
particularly regarding the influence of the initial lesion size
on recovery time and recurrence risk after acute hamstring
strains [22–24]. Recent advances in ultrasound technology
have allowed clinicians to obtain detailed images, which are
as accurate as those obtained by MRI, for the evaluation of
muscle injuries [20, 25]. Muscles are among the soft tissues
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Table 1: Ultrasound classification criteria for muscle injury.

Type score
(A) Muscle fibre
Grade I: 1
No abnormalities, with/without focal fibre rupture with less than 5% of the muscle involved
Grade II: 3
Partial rupture: focal fibre rupture with more than 5% but less than 30% of the muscle involved with/without fascial damage
Grade III:
Focal fibre rupture with more than 30% to complete muscle rupture with retraction, fascial damage 5
(B) Complication of muscle rupture: muscle haematoma
Grade I:
No haematoma or small haematoma (total diameter <10 mm) 1
Grade II:
1–2 haematomas (total diameter: 10–30 mm) 2
Grade III:
3 or more haematomas (total diameter: >30mm), or a honeycombed pattern 3
(C) Main vascular injury
Grade I:
No abnormalities on vascular ultrasonography 1
Grade II:
Decreased arterial diameter and blood flow, partial arterial or venous rupture, partial arterial thrombosis 2
Grade III:
Complete arterial rupture, complete arterial thrombosis and no blood flow in the distal muscle 3
(D) Diameter growth rate of the muscle (scored in the maximum number)
Grade I: Growth rate <10% 1
Grade II: Growth rate 10%–50% 2
Grade III: Growth rate >50% 3
Total score 14

that are most easily studied by ultrasound examination.
Moreover, it was the first imaging method available for
the evaluation of muscle disease [2]. With the advances in
ultrasound technology, it offers significant advantages over
other imaging techniques in assessing muscle trauma [5].
Owing to its multiplanar approach, both transversal and
longitudinal, dynamic examination of the muscle, excellent
spatial resolution, and definition of muscle structure, ultra-
sonography is on the leading edge when it comes to assessing
muscle pathology [1, 2, 5, 6]. Furthermore, ultrasonography is
faster,more convenient, and cheaper thanMRI.Aprospective
study [26] showed that ultrasonography was as useful asMRI
for assessing acute hamstring injury.

In this study, we used ultrasonography to assess muscle
fibre rupture [2, 7, 8], muscle hematoma [2, 7], main vascular
injury [10], and diameter growth rate of the muscle [5, 11–
15, 27]. The ultrasound assessment of muscle fibre rupture
directly reflects the muscle injury; muscle hematoma is one
of the most important complications of muscle rupture;
ultrasound assessment of main vascular injury shows blood
flow in the injured muscle; and the diameter growth rate of
themuscle 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 muscle injury,
we used the existing clinical assessment standards, such as
the mangled extremity syndrome index [28] and themangled
extremity security score [29], as well as the available data
on ultrasound assessment of muscle injury [1, 2, 5, 7, 8, 10,
19, 24, 25, 30–32] to establish the ultrasound classification
criteria for muscle injury (Table 1). Muscle fibre, which is the
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
amount of points because, in our opinion, they equally con-
tribute to early muscle injury associated with limb fracture.
The total score in the classification criteria is 14 points, and
the patients may gain a score from 4 to 14 points. Depending
on the score achieved by a patient, a different treatment is
administered. Eleven patients with scores ranging from 4
to 8 received conservative treatment; 9 patients with scores
ranging from 10 to 14 received operative 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 muscle injury that is not severe, and surgical treatment
should be applied in patients scoring greater than 9 points
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Table 2: Patients distribution in four types and score.

Type A B C D
Grade I 19 Grade I 24 Grade I 24 Grade I 9
Grade II 2 Grade II 2 Grade II 4 Grade II 10
Grade III 9 Grade III 4 Grade III 2 Grade III 11

Score<9 11 Score=9 9 Score>9 10

(fasciotomy, blood vessel or nerve exploration, removal of
the necrotic tissue and hematoma, incision decompression,
osseous fascia compartment) (Table 2). Similarly, the classifi-
cation criteria may be used to predict prognosis. If the score
is less than 9, the prognosis is likely to be good, and when
the score is greater than 9, the prognosis is likely to be poor.
However, in order to improve further studies, we should have
a greater sample size of patients.

In 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 needs to be verified on a
larger sample of patients, and some sections of the proposed
criteria may require a more detailed analysis.

Data Availability

All data needed to evaluate the conclusions in the paper are
present in the paper and in the references cited. Additional
data related to this paper may be requested from the authors.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

All authors conceived and reviewed the technical comments.
Wenfen Liu and Dong Wang wrote the manuscript and
contributed equally to this work.

References

[1] S. Bianchi, C. Martinoli, and I. F. Abdelwahab, “Ultrasound
of tendon tears. Part 1: General considerations and upper
extremity,” Skeletal Radiology, vol. 34, no. 9, pp. 500–512, 2005.

[2] P. Peetrons, “Ultrasound of muscles,” European Radiology, vol.
12, no. 1, pp. 35–43, 2002.

[3] L. Gliemann, S. P. Mortensen, and Y. Hellsten, “Methods for
the determination of skeletal muscle blood flow: development,
strengths and limitations,” European Journal of Applied Physiol-
ogy, vol. 118, no. 6, pp. 1081–1094, 2018.

[4] J. A. Palakshappa, J. P. Reilly, W. D. Schweickert et al., “Quan-
titative peripheral muscle ultrasound in sepsis: Muscle area
superior to thickness,” Journal of Critical Care, vol. 47, pp. 324–
330, 2018.

[5] J. C. Lee and J. Healy, “Sonography of lower limbmuscle injury,”
American Journal of Roentgenology, vol. 182, pp. 341–351, 2004.

[6] S. Bianchi, P.-A. Poletti, C. Martinoli, and I. F. Abdelwahab,
“Ultrasound appearance of tendon tears. Part 2: Lower extrem-
ity and myotendinous tears,” Skeletal Radiology, vol. 35, no. 2,
pp. 63–77, 2006.

[7] H.-W. Mueller-Wohlfahrt, L. Haensel, K. Mithoefer et al.,
“Terminology and classification of muscle injuries in sport:
The Munich consensus statement,” British Journal of Sports
Medicine, vol. 47, no. 6, pp. 342–350, 2013.

[8] S. Takebayashi, H. Takasawa, Y. Banzai et al., “Sonographic
findings in muscle strain injury: Clinical and MR imaging
correlation,” Journal of Ultrasound in Medicine, vol. 14, no. 12,
pp. 899–905, 1995.

[9] I. Selva Raj, S. R. Bird, and A. J. Shield, “Ultrasound mea-
surements of skeletal muscle architecture are associated with
strength and functional capacity in older adults,” Ultrasound in
Medicine & Biology, vol. 43, no. 3, pp. 586–594, 2017.

[10] M.Benedetti, Valentini, P. Farsetti,O.Martinelli, A. Laurito, and
E. Ippolito, “The value of ultrasonic diagnosis in the manage-
ment of vascular complications of supracondylar fractures of
the humerus in children,”�e Bone & Joint Journal, vol. 95, no.
5, pp. 694–698, 2013.

[11] D. H. Gershuni, B. B. Gosink, A. R. Hargens, R. N. Gould,
S. J. Mubarak, and W. H. Akeson, “Ultrasound evaluation of
the anterior musculofascial compartment of the leg following
exercise,” Clinical Orthopaedics and Related Research, pp. 185–
190, 1982.

[12] W.D.Turnipseed,C.Hurschler, andR.Vanderby Jr., “The effects
of elevated compartment pressure on tibial arteriovenous flow
and relationship of mechanical and biochemical characteristics
of fascia to genesis of chronic anterior compartment syndrome,”
Journal of Vascular Surgery, vol. 21, no. 5, pp. 810–817, 1995.

[13] J. E. Lynch, J. S. Heyman, and A. R. Hargens, “Ultrasonic device
for the noninvasive diagnosis of compartment syndrome,”
Physiological Measurement, vol. 25, no. 1, pp. N1–N9, 2004.

[14] S. H. Wang, K. Y. Lin, J. J. Yang, J. H. Chang, G. S. Huang, and
L. C. Lin, “The thickness of the anterior compartment does not
indicate compartment syndrome in acutely traumatised legs?”
Injury-International Journal of the Care of the Injured, 2013.

[15] P. Aspelin, O. Ekberg, O. Thorsson, M. Wilhelmsson, and N.
Westlin, “Ultrasound examination of soft tissue injury of the
lower limb in athletes,”�eAmerican Journal of SportsMedicine,
vol. 20, no. 5, pp. 601–603, 1992.

[16] S. Bianchi,M. Sailly, and L.Molini, “Isolated tear of the plantaris
tendon: Ultrasound and MRI appearance,” Skeletal Radiology,
vol. 40, no. 7, pp. 891–895, 2011.

[17] Y. Ariji, Y. Kimura, M. Gotoh, S. Sakuma, Y.-P. Zhao, and
E. Ariji, “Blood flow in and around the masseter muscle:
Normal and pathologic features demonstrated by color Doppler
sonography,” Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology, and Endodontology, vol. 91, no. 4, pp. 472–482, 2001.



BioMed Research International 9

[18] J. L. Tol, B. Hamilton, and T. M. Best, “Palpating muscles,
massaging the evidence? An editorial relating to ’Terminology
and classification of muscle injuries in sport: The Munich
consensus statement’,”British Journal of Sports Medicine, vol. 47,
no. 6, pp. 340-341, 2013.

[19] C. D. Reimers, “Muscle sonography,” Electroencephalography
and Clinical Neurophysiology, vol. 50, pp. 413–418, 1999.

[20] Y. Guillodo, R. Bouttier, and A. Saraux, “Value of sonography
combined with clinical assessment to evaluate muscle injury
severity in Athletes,” Journal of Athletic Training, vol. 46, no. 5,
pp. 500–504, 2011.

[21] G. Koulouris and D. Connell, “Imaging of hamstring injuries:
Therapeutic implications,” EuropeanRadiology, vol. 16, no. 7, pp.
1478–1487, 2006.

[22] N. J. Gibbs, T. M. Cross, M. Cameron, and M. T. Houang,
“The accuracy of MRI in predicting recovery and recurrence
of acute grade one hamstring muscle strains within the same
season in Australian Rules football players,” Journal of Science
and Medicine in Sport, vol. 7, no. 2, pp. 248–258, 2004.

[23] C. Askling, T. Saartok, and A. Thorstensson, “Type of acute
hamstring strain affects flexibility, strength, and time to return
to pre-injury level,” British Journal of Sports Medicine, vol. 40,
no. 1, pp. 40–44, 2006.

[24] G. M. Verrall, J. P. Slavotinek, P. G. Barnes, G. T. Fon, and A.
Esterman, “Assessment of physical examination and magnetic
resonance imaging findings of hamstring injury as predictors
for recurrent injury,” Journal of Orthopaedic & Sports Physical
�erapy, vol. 36, no. 4, pp. 215–224, 2006.

[25] E. S. Koh and E. G. McNally, “Ultrasound of skeletal muscle
injury,” Seminars in Musculoskeletal Radiology, vol. 11, pp. 162–
173, 2007.

[26] D. A. Connell, M. E. Schneider-Kolsky, J. L. Hoving et al., “Lon-
gitudinal study comparing sonographic and MRI assessments
of acute and healing hamstring injuries,” American Journal of
Roentgenology, vol. 183, no. 4, pp. 975–984, 2004.

[27] A. Sabatino, G. Regolisti, L. Bozzoli et al., “Reliability of bedside
ultrasound for measurement of quadriceps muscle thickness
in critically ill patients with acute kidney injury,” Clinical
Nutrition, vol. 36, no. 6, pp. 1710–1715, 2017.

[28] R. B. Gustilo, R. M. Mendoza, and D. N. Williams, “Problems
in management of type III (severe) open fractures: a new
classification of type III open fractures,”�e Journal of Trauma
and Acute Care Surgery, vol. 24, pp. 742–746, 1984.

[29] D. L. Helfet, T. Howey, R. Sanders, and K. Johansen, “Limb
salvage versus amputation. Preliminary results of the mangled
extremity severity score,” Clinical Orthopaedics and Related
Research, no. 256, pp. 80–86, 1990.

[30] K. Kullmer, K. W. Sievers, J. D. Rompe, M. Nagele, and
U. Harland, “Sonography and MRI of experimental muscle
injuries,” Archives of Orthopaedic and Trauma Surgery, vol. 116,
pp. 357–361, 1997.

[31] A. F. M. Cameron, K. Rome, and W. A. Hing, “Ultrasound
evaluation of the abductor hallucis muscle: Reliability study,”
Journal of Foot and Ankle Research, vol. 1, no. 1, p. 12, 2008.

[32] O. Chan, B. A. Del, T. M. Best, and N. Maffulli, “Acute muscle
strain injuries: a proposed new classification system,” Knee
Surgery, Sports Traumatology, Arthroscopy, vol. 20, pp. 2356–
2362, 2012.


