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Abstract
Aim: The aim of this study is to evaluate the role of magnetic resonance imaging (MRI) in the diagnosis of
lower limb traumatic muscle injuries.
Methods: From July 2016 to February 2017, MRI study of 46 patients with a history of traumatic muscle
injuries to the lower limbs was retrospectively examined. The MRI study was done within a maximum of 5
days of trauma.
Results: All our 46 patients that included in our study were males; 10 out of 46 patients (19%) had normal
study with no MRI evidences of muscle contusion, myotendinous strain, or tendon avulsion. The majority of
remaining 37 patients, 28 cases (75%) showing injury to knee and thigh muscles while 9 cases (24%) showing
ankle & leg muscles injury. The vastus intermedius muscle was the most susceptible lower limb muscle to
injury in our study, 10/37 cases (27%) followed by the hamstring muscles, semitendinosous, 5/37 cases (13%)
and biceps femoirs, 3/37 cases (8%); while the injury at adductor longus muscle was noted at , 3/37 cases (8%).
Multi-muscles injury was seen in 6/37 cases (16%). Quadriceps tendon complete tendon avulsion (disruption)
was noted in only one case (3%). A complete rupture of Achilles tendon was found in 1/37 patient (3%); a
partial rupture of the Achilles tendon in 2/37 patients (6%), another 2/37 cases (6%) showing avulsion injury
to the adductor longus tendon. 1/37 patient (3%) showing medical gastrocanemious muscles injury and 3/37
cases (8%) showing lateral gastrcanemious muscles injury. Associated bone fracture seen in 5 cases (2 cases
femoral fracture and 1 cases tibial fractures and 2 cases both tibial and fibular fracture), meniscal tear seen
in 5 cases, and ligamentous abnormalities seen in 7 cases (3 cases patellar ligament, 3 cases ACL and 2 cases
both ACL and PCL )
Conclusion: MR imaging is the imaging modality of choice for evaluation of acute traumatic
musculotendinous injuries of the lower limb. It can provide useful information about the extent and location of
the injury as well as associated bone, meniscal, and ligamentous abnormalities.
Keywords: Muscles, muscles contusion, lower limb muscle injury, magnetic resonance, myotendinous strain,
tendon avulsion

Introduction

Acute skeletal muscle injury is one of the major causative factors for loss of playing time in all athletes. It is caused either by
direct trauma, in the form of blunt impact, or indirect trauma
following a powerful eccentric muscle contraction, typically
at the onset of a sprint movement for hamstring or calf injury
and while striking a ball for quadriceps injury [1].
Magnetic resonance (MR) imaging, with its exquisite softtissue contrast resolution, is the imaging modality of choice
for evaluation of acute traumatic musculotendinous abnormalities [2].

MR imaging allows optimal assessment of damage to all components of the musculotendinous unit including the muscle
belly, myotendinous junction, and tendon insertion site [3,4].
In addition, the capability of MR imaging for demonstrating
occult muscle trauma makes it a useful tool for assessment of
this condition [5].
Three discrete categories of acute injuries to the musculotendinous unit can be defined based on the mechanism of trauma
and the site of involvement: muscle contusion, myotendinous
strain, and tendon avulsion [2].
Muscle contusions are secondary to direct trauma, usually
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by a blunt object [6]. They usually occur deep in the muscle
belly and tend to be less symptomatic than strains, since the
latter are commonly located in the superficial muscle layers [5].
Myotendinous strains are induced by indirect trauma from
excessive stretching [6]. They are usually the result of a single
major traumatic event. Strain injuries affect the myotendinous
junction, the weakest point of the musculotendinous unit [7].
Acute avulsion injury at the tendon insertion site results
from a forceful, unbalanced, and often eccentric muscle
contraction [8]. Loss of function and severe tenderness are
frequent symptoms in this condition [2].
The extent of musculotendinous injuries and associated
architectural distortion is examined by using axial, coronal,
and sagittal images oriented along the longitudinal and short
axes of the involved musculotendinous unit [3].
Alterations in water content in the affected musculotendinous units are common to all forms of acute traumatic
injuries [3,4].
Short inversion time inversion- recovery (STIR) or fatsuppressed T2- weighted sequences enable detection of
edematous changes in the musculotendinous unit and are
of paramount importance for diagnosis of these lesions [4-9].
Our article reviews the MRI findings in lower limb acute
traumatic musculotendinous injuries. The MR imaging characteristics of muscle contusions, myotendinous strains, and
avulsion injuries are emphasized. Associated Intramuscular
hematomas bone, meniscal, and ligamentous abnormalities
are also described.

Material and Methods

A total number of 46 patients, whose MRI studies were done
from July 2016 to February 2017, were retrieved using picture
archiving and communication system and were evaluated
retrospectively.
Human ethics committee approval for this study was obtained from the institutional review board of Dallah Hospital,
Riyadh, Saudi Arabia.
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Statistical analysis

Data was evaluated by using statistical package for social
sciences (SPSS) software version 10 for calculating percentages and frequencies.

Results

In our study, 46 patients were included. The mean age of the
patients was 16±35 years, all patients were males.
Out of 46 patients in our study, 10 patients (19 %) had
normal study with no MRI evidences of muscle contusion,
myotendinous strain, or tendon avulsion.
Sudden onset pain localized to a single muscle occurring
during a period of powerful eccentric muscle contraction is
the typical presentation of all our cases with muscle strain.
MRI study was performed shortly after the trauma within
a maximum of 5 days in all our included cases.
The majority of remaining 37 patients, 28 cases (75%)
showing injury to knee and thigh muscles while 9 cases (25%)
showing ankle & leg muscles injury.
The vastus intermedius muscle (Figure 1) was the most
susceptible to injury, 10/37 cases (27%) followed by the
hamstring muscles, semitendinosous, 5/37 cases (13%) and
biceps femoirs, 3/37 cases (8%) (Figure 2); while the injury at
adductor longus muscle was noted at 3/37 cases (8%) (Figure
3). Multi-muscles injury was seen in 6/37 cases (16%) (Figure 1).
Quadriceps tendon complete tendon avulsion (disruption)
was noted in only one case (3%). It was associated with medial
patellar retinaculum laxity causing lateral patellar sublaxation
with tortousity of the infrapatellar tendon (patellar ligament)
(Figure 4).

MRI technique

All patients underwent MRI using MRI scanner (Optima TM
MR 450 W 1.5 Tesla). The patient is placed comfortably in
the supine position to avoid pain, motion and compression
of different muscle groups.
Coronal and axial spin-echo T1 weighted [repetition time
(TR)/echo time (TE), 650-800 ms/15-20 ms] and fast spin-echo
T2 weighted (TR/TE, 3300-4550 ms/90-140 ms) sequences
with fat suppression are performed. Alternative to the fatsuppressed T2 weighted sequence is a short-tau inversion–
recovery (TR/TE, 3000-3665 ms/15-35 ms; inversion time, 150
ms) sequence. Images in a sagittal plane are occasionally
acquired to match individual requirements, and intravenous
administration of gadolinium- containing contrast material
is advised as appropriate.
All images were evaluated on workstation (SECTRA, SWEEDEN).

Figure 1: Axial proton density images; Left lateral
thigh compartment muscle groups showing
diffuse interstitial edema (feathery pattern) seen
as increased signal intensity mainly in the vastus
intermedius (double black arrows) and vastus
lateralis (yellow arrow) muscles at the mid thigh
suggesting post traumatic muscle strain.
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Figure 3. Axial proton density images showing
abnormal high signal in the proximal part of the
belly of the left adductor longus muscle suggesting
muscle strain (arrows).

A

Figure 2. (A) (axial PD images);
(B) (T2 STIR coronal reformatted
images).
A. axial PD images and. B T2
STIR coronal reformatted images
showing abnormal signals noted
in the right hamstring muscles and
tendon involving semitendinosis and
biceps femoris with minimal fluid
in intermascular plane suggesting
hamstring muscle strain.

B

C

A partial rupture of the Achilles tendon in 2/37 patients (6%)
(Figure 5), A complete rupture of Achilles tendon (Figure 6)
found in 1/37 patient (3%); another 2/37 cases (6%) showFigure 4. (A) (Sagittal PD) (B) (Sagittal PD f/s) (C)
(Axial GRE ).
ing avulsion injury to the adductor longus tendon (Figure 7).
Showing discontinuity and fluid signals (arrow) in
1/37 patient (3%) showing medical gastrocanemious muscles
the suprapatellar region is noted suggesting complete
injury and 3/37 cases (8%) showing lateral gastrcanemious
disruption of quadriceps tendon (star) (yellow arrow).
muscles injury (Figure 8).
Medial patellar retianculum tear is seen (2 black arrows)
Associated bone fracture seen in only 5 cases (2 cases
causing lateral patellar sublaxation. Tortousity of the
patellar ligament (yellow arrow) and marked soft tissue
femoral fracture and 1 cases tibial fractures and 2 cases both
edema around knee joint is also evident (curved arrow).
tibial and fibular fracture), meniscal tear seen in 5 cases, and
ligamentous abnormalities was seen in 7 cases (3 cases patellar ligament, 3 cases ACL and 2 cases both ACL and PCL ). Post traumatic hematomas were seen in about 12 of 37 cases (32%).
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Figure 5. Sagittal PD image showing mild
increase in the signal intensity of the lower end
of Tendo- Achilles (Double arrows) with subtle
fluid seen at retrocalacneal bursa suggesting
strain/partial tear of the tendon.

Figure 7. (A) Axial PD and (B) Coronal T1
showing mild edema along with mild fluid signal
and discontinuity of some fibers of right adductor
longus proximal part at pubic insertion (arrows)
with retraction of muscle belly suggesting avulsion
injury to the adductor longus tendon from the
pubic insertion.
Figure 6. Sagittal PD image showing laxity
of Tendo- Achilles with high grade tear at
the myotendinous junction (yellow arrow).
Few intact fibers are noted at the rupture site
suggesting almost complete rupture with few
intact fibers.

ment of site and extent of injury in patients with lower limb
traumatic muscle injuries.
We retrospectively studied a total of 46 patients presented
to our Radiology department with history of lower limb
trauma and clinical suspicion of lower limb muscular injury.
MR imaging was carried out using MRI scanner Optima TM MR
The haematoma was seen within the muscle (intramuscular 450 W 1.5 Tesla with phased-array coil.
hematoma) in 5 cases (Figure 9), between muscles (intermusThe quadriceps muscle group extends the knee joint. It is
cular) in 4 cases, and at the muscle-bone interface in 3 cases. composed of four muscles: the vastus lateralis, vastus medialis, and vastus intermedius, which arise from the proximal
Discussion
femoral shaft, and the rectus femoris, which originates from
MRI is able to reveal lesions and provide an accurate assess- the anterior inferior iliac spine [10].
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Figure 9. (A) Axial PD and (B) T2 coronal images showing
a well defined high signal intensity localized area seen at left
vastus intermedius muscle suggesting acute intramuscular
hematoma (arrows).

rance of muscle contusions varies according to the severity of
the lesion. Diffuse edematous changes of the muscle manifest
as a feathery appearance on STIR and T2-weighted images [9].
Myotendinous strains can be classified at MR imaging on
the basis of the extent of disruption [4].
First-degree strains imply a minor degree of fiber disruption. Interstitial edema and hemorrhage are present at the
myotendinous junction and extend into the adjacent muscle
fascicles, producing a feathery appearance on MR images [4-9].
Second-degree injuries are characterized by a partial tear
without retraction. A hematoma at the myotendinous junction is frequently observed, as are perifascial fluid collections.
While third-degree strains involve a complete rupture of the
myotendinous unit; this diagnosis is usually made on clinical
grounds. MR imaging is useful when preoperative assessment
Figure 8. (A) Axial PD image and (B) Coronal
of the extent of retraction is needed [5].
T1 weighted image; showing abnormal
high signals intensity within the bellies of
In our study most of cases showing first degree of muscle
gastrocnemius muscle suggesting muscle strain.
strain, 2 cases showing second degree (2 cases partial tear of
Surrounding soft tissue edema is also noted.
Achilles tendon) while 4 cases showing third degree including 1 case showing complete disruption of the quadriceps
Among the quadriceps muscles, the rectus femoris is the most and 1 case complete rupture of Achilles tendon and 2 cases
susceptible to injury at the myotendinous junction [4]. This avulsion injury to the adductor longus tendon.
susceptibility is due to its superficial location, predominance
The quadriceps tendon has a trilaminar configuration,
of type II fibers, eccentric muscle action, and extension across being formed by a superficial layer from the rectus femoris,
two joints [6].
a middle layer from the vastus lateralis and medialis, and a
However, in our study, we found that the vastus intermedius deeper layer from the vastus intermedius [11,12].
muscle is the most commonly injured muscle, 10/37 cases
Acute avulsion injury manifests on MR images as a hema(27%), it was followed by the hamstring muscles, semitendi- toma and periosteal stripping at the tendon attachment site
nosous, 5/37 cases (13%) and biceps femoris , 3/37 cases (8%). [13]. Waviness and retraction of the torn end of the tendon
In our study as reported with authors, the MR imaging appea- along with a fragment of bone or cartilage [14] may also be
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found. In our study quadriceps tendon complete tendon
avulsion (disruption) was noted in only one case (3%). It was
manifested as discontinuity and fluid signal in the suprapatellar segment of quadriceps muscle suggesting complete tears
of the quadriceps tendon a few centimeters from the upper
patellar pole, associated with lateral patellar sublaxation and
tortousity of patellar ligament.
Complete disruption of the quadriceps musculotendinous
unit at the tendon level often occurs as the end result of
repetitive microtrauma or secondary to weakening by other
underlying conditions (gout, diabetes, hyperparathyroidism,
collagen vascular diseases). Also strong deceleration will result in acute partial or complete tears of the quadriceps [15].
The Achilles tendon, the largest & strongest tendon in the
body, is vulnerable to injury because of its limited blood supply
and the combination of forces to which it is subjected. Aging
and increased activity (particularly velocity sports) increase
the chance of injury to the Achilles tendon [16].
In our study complete rupture of Achilles tendon was found
in 1/37 patient (3%); while a partial rupture of the Achilles
tendon in 2/37 patients (6%).
In our study another 2/37 cases (6%) showing avulsion
injury to the adductor longus tendon from the pubis with
retraction of the muscle belly.
Intramuscular hematomas can develop with more severe
trauma [5]. In our study the severity of the injury ranges from
a small muscle contusion to a large haematoma. Post traumatic hematomas were seen in about 12 of 37 cases (32%).
It was seen within the muscle (intramuscular hematoma) in
5 cases, between muscles (intermuscular) in 4 cases, and at
the muscle-bone interface in 3 cases.
The MR imaging characteristics of that hematoma was
affected by its age [3]. Acute hematomas in our cases are
isointense to skeletal muscle on T1-weighted images and
hypointense on T2-weighted or STIR images. However, cases
with subacute hematomas demonstrate increased signal
intensity on T1-weighted images and heterogeneous signal
intensity on T2-weighted images that is due to the presence of
extracellular methemoglobin. In the chronic hematoma as the
lesion ages, the wall of the hematoma became hypointense
from hemosiderin deposition and fibrosis [17].
Some authors reported that, differential diagnosis between
muscle contusion and myotendinous strain is difficult based
on the MR imaging findings alone [5]. The contusions produce
injury at the point of impact, while strains lead to injury at or
near the myotendinous junction. Contusions frequently have
a diffuse feathery appearance with increased signal intensity
on T2-weighted and STIR images, similar to a first-degree
myotendinous strain [9]. If fiber disruption occurs, contusions
may manifest as an intramuscular hematoma. Contusion
hematomas are often located deeper in the muscle belly
than hematomas associated with second- and third-degree
myotendinous strains [5].
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Conclusion

MRI plays a central role in delineating muscle anatomy and
morphology, and providing characterization of muscle composition and its alterations. It is the imaging modality of choice
for evaluation of acute traumatic musculotendinous injuries
of the lower limb. It can provide useful information about the
extent and location of the injury as well as associated bone,
meniscal, and ligamentous injuries.
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