.....
5 oo
o s e

AIN SHﬁMS UNIVERSITY

Role of MRI in Evaluation of
Traumatic Ankle Injuries

Thesis

Submitted for Partial Fulfillment of Master Degree
in Radiodiagnosis

By

Thura Aamer Ahmed lbrahim
M.B.,B.Ch — University of Mosul - Iraq

Supervised by

Prof. Dr. Mervat Mohamed Ibrahim
Ali Elgohary

Professor of Radiodiagnosis
Faculty of Medicine - Ain Shams University

Dr. Susan Adil Ali Abdul Rahim

Lecturer of Radiodiagnosis
Faculty of Medicine - Ain Shams University

Faculty of Medicine
Ain Shams University
2017



Abstract
Introduction: MR imaging has become the diagnostic modality of
choice for the evaluation of traumatic ligamentous, tendinous injures
of the ankle and occult bony trauma. This article reviews the current
applications of MR imaging for the evaluation of most of these
lesions. Ankle sprains are considered the most common lower limb
injuries (incidence between 5 - 7 per 1000 persons/year in Europe),
affecting more frequently young athletes; the most common
mechanism of injury is represented by inversion of the foot (less
frequently eversion).
Aim of the Work: The aim of the current study is to emphasize the
value of Magnetic Resonance Imaging (MRI) in evaluation of
patients with ankle pain caused by traumatic injury.
Patients and Methods: A descriptive study, conducted from March
2017 till June 2017. Sixty patients underwent MRI examination
(patients with traumatic ankle pain) during this period. Twenty
patients have normal MRI examination and not included in the study
while forty patients have positive MRI findings. All patients were
performed MRI in radiology department, Ain Shams University
Hospital. The examination carried out after signing the informed
consent by the patient himself or his guardian if the patient is
incapacitated by any means.
Results: The study included 40 patients (12 females and 28 males)
ranged in age between 12-60 years with mean age 12-60
[28.98+12.44], 60% of the patients were < 30 years and 40% of them
were > 30 years.
Conclusion: MRI is modality of choice in evaluating ankle injuries
due to its high soft tissue contrast resolution, and multi-planar
capabilities. It provides a non-invasive tool for the diagnosis of Ankle
injuries, which are often difficult to diagnose with alternative
modalities. MRI is particularly advantageous for assessing soft tissue
structures around the ankle such as tendons, ligaments, nerves, and
fascia and for detecting occult bone injuries.

Keywords: MRI, Traumatic Ankle Injuries






) r\D
&

ACKNOWLEDGEMENT .

First of all, thanks to Allah whose magnificent help was the

main factor in completing this work.

I would like to express my deepest gratitude and
thanks to Prof. Dr. Mervat Mohamed Ibrahim Ali
Elgoharg, Professor of Radiocliagnosis, Facultg of Medicine,
Ain Shams University, For giving me the honor of being her
candidate, working under her supervision, 8uicled ]:)‘g her

experience and precious advices and true concern.

Words could not express my great appreciation,
thanks and respect to Dy. Susan Adil Ali Abdul Rahim,
Lecturer of Radiology, Faculty of Medicine, Ain Shams
Universitg, for her kindness, patience, consideration, precious

assistance throughout this work.

Last, but not least, | would like to express my

appreciation and thanks to my family.



List of Contents

Contents
Subjects Page
List of abbreviations..........oooo
LSt OF FIQUIES ... v
LSt OF tADIES......coeeeeeeeeeeeeeeeee e X111

INEroduCtion ... oo 1
AIM of the STUAY ... 3
Review of Literature

¢ Chapter (1): Anatomy of Ankle Joint ... ... 4

¢ Chapter (2): Pathogenesis of Traumatic Ankle
Injuries 41

¢ Chapter (3): MRI Technique of the Ankle Joint. 74

¢ Chapter (4): MRI Features of Traumatic Ankle

Injuries 85
Patients and Methods............. 124
RESUIES ... 131
HTustrative Cases......eees 142
DISCUSSION. ... 161
Summary and Conclusion ... 166
RETEIENCES ... 168

Arabic Summary




List of Abbreviations

List of Abbreviations

ADM Abductor digiti minimi
ATFL Anterior talofibular ligament
ATV Anterior tibial vessels

CFL Calcaneofibular ligament
CN Calcaneonavicular

DPN Deep peroneal nerves

EDB Extensor digitorum brevis
EDL Extensor digitorum longus
EHL Extensor hallucis longus
FDB Flexor digitorum brevis

FDL Flexor digitorum longus
FHL Flexor hallucis longus

FR Flexor retinaculum

GSV Greater saphenous vein

IER Inferior extensor retinaculum
I0TC Interosseous talocalcaneal
LM Lateral malleolus

LSV Lesser saphenous vein

MM Medial malleolus

MST Middle subtalar joint

PB Peroneus brevis




List of Abbreviations

PL Peroneus longus

PT Peroneus tertius

PA Plantar aponeurosis

PST Posterior subtalar joint

PTv Posterior tibial vessels

PTT Posterior tibialis tendon

QP Quadratus plantae

RMG Retromalleolar groove

SN Saphenous nerve

SPR Superior peroneal retinaculum
SMSL Superomedial portion of the spring ligament
TN Talonavicular

Tn Tibial nerve

TA Tibialis anterior




(!0 EM(}.

List of Figures

lfljr%ubr:r Title nlljrilgbeer

1-1 | Ankle joint. 5

1-2 | Medial ligament of the ankle joint. 7

1-3 | Lateral ligament of the ankle joint. 9

1-4 | Tarsal tunnel and flexor retinaculum. 10

1-5 | A: Extensor retinacula. 12
B: Fibular retinacula. 13

1-6 | Atransverse section through the lower part of 14
the left ankle joint, superior aspect

1-7 | Diagram illustrates anterior and lateral 16
tendons of the ankle.

1-8 | Diagram illustrates medial tendons of 18
the ankle.

1-9 | Sagittal T1 weighted image of the 20
ankle.

1-10 | MRI anatomy at supramalleolar level. 22

1-11 | Coronal T1 weighted image of the 23
ankle.

1-12 | MRI anatomy at midtalus level (axial 25
T1WI).

1-13 | Sagittal localizer for axial cuts: 26
perpendicular to the long axis of the
tibia.

1-14 | Coronal planes. 27
1-15 | T1-weighted axial MR image showing 28
the anterior compartment, which

contains.
1-16 | T1-weighted axial MR image. 29




(!0 EM(}.

Figure
number

Title

Page
number

1-17

Axial  proton  density (PD)-fat
suppression (FS) MR image.

30

1-18

A 3D illustration of the flexor
digitorum accessorius longus.

32

1-19

Axial T1-weighted MR images within
the distal lower leg.

32

1-20

The FDAL muscle (arrows) is seen
posterior to the flexor hallucis longus
tendon (FHL).

33

1-21

Drawing illustrates peroneus quartus
tendon (arrow) inserting onto lateral
calcaneus. Arrowheads denote
peroneus longus tendon.

34

1-22

3D rendering demonstrating the
accessory soleus muscle.

35

1-23

Accessory soleus muscle. Sagittal MR
image of the ankle on a patient with an
accessory soleus muscle (arrowhead).

35

1-24

Sequential axial T1-weighted MR
images, Accessory soleus (arrows) with
a tendinous insertion (white
arrow).talar dome (asterisk).

36

1-25

The peroneocalcaneus internus (PCI)
courses lateral to the flexor hallucis
longus muscle and tendon (FHL) before
inserting below the sustentaculum tali
(asterisk).

37

1-26

(A) axial illustration of the ankle
demonstrating four medial tendons
instead of normal three tendons: tibialis
posterior TP,

38




E!. EM(}’

Figure . Page
nur%ber Title numgber
(B) Axial proton density image just
proximal to  sustentaculum tali
demonstrating two tendons in the usual
location of the flexor hallucis longus.

(C) Axial image of the tibiotalar
junction shows four tendons instead of

three. The PCI most lateral

1-27 | MRI anatomy at tibiotalar joint 39

space/talar dome level.

2-1 | Ankle sprain. 43
2-2A | Weber fracture type A. 46
2-2B | Weber fracture type B. 47
2-2C | Weber fractures type C. 48

2-3 | Pilon Fracture. 50

2-4 | Juvenile Tillaux Fractures. 51

2-5 | Triplan Ankle Fracture. 52

2-6 | Osteochondral lesions. 54

2-7 | Lateral Process of Talus 55

(Snowboarder’s Ankle).

2-8 | Types of Calcaneal fractures. 57

2-9 | Stress Fracture of the Talus Bone. 58
2-10 | Salter  Harris  Classification  of 59

Epiphysis fractures.

2-11 | Tillaux fracture. 60
2-12 | Anterior Tendons tear. 63
2-13 | Partial and complete tear of Achilles 64

Tendon.
2-14 | Tibialis posterior Injury. 66

VI



(!0 EM(}.

Figure . Page
nur%ber Title numgber
2-15 | Peroneus Brevis Tear. 67
2-16 | Syndesmosis joint injuries. 69
2-17 | Anterior Talofibular Ligament tear. 70
2-18 | Calcaneofibular ligament and anterior 72
talofibular Ligament tears.

2-19 | Deltoid Ligament Tear. 73

3-1 | Patient positioned for examination of 77
the foot and ankle using flat.

3-2 | Extremity (A) and quadrature (B) coils 78
used for foot and ankle imaging.

3-3 Image planes for foot and ankle MRI. 80

4-1 | A sagittal T2-weighted image with fat 86
suppression showing a talar contusion.

4-2 | Coronal FS PD FSE MR show 88
transverse fractures of the distal tibia
and fibula with hyperintense edema.
Tibiolalar joint instability and medial
OLT are present

4-3 | Sagittal FS PD FSE MR shows 89
hyperintense edema involving the
posterior tubercle of the distal tibia
(fracture of the posterior or third
rnalleolus)

4-4 | A sagittal fat-suppressed T2-weighted 90

image showing the typical MRI
appearance of an OCD.

VI



(!0 EM(}.

Figure
number

Title

Page
number

4-5

A coronal fat-suppressed T2-weighted
image of the right ankle showing an
unstable OCD with fluid beneath the
lesion at the interface with the osseous
crater of the medial talus

95

4-6

Calcaneal stress fracture.

94

4-7

Navicular stress fracture.

95

4-8

Axial FS PD FSE MR shows partial
tear (arrow) of tibialis anterior tendon
with enlargement of cross sectional
diameter.

100

4-9

Coronal FS PD FSE MR shows
complete tear (arrow) of the tibialis
anterior tendon on image acquired
perpendicular to the long axis of the
tendon with hyperintense fluid occupies
tear site.

100

4-10

Axial T2WI demonstrate fluid between
Soleus Muscle (White Arrow) and
Medial head of Gastronemus Muscle
(White Arrow head), irrigular low
signal intensity within fluid collection
(Black arrow) represent the remnant of
rupture Plantaris Muscle.

101

4-11

Sagittal proton density demonstrates
grade | tear of Achilles tendon.

103

VI



Figure
number

Title

Page
number

4-12

Sagittal T2 weighted image
demonstrate high signal intensity with
thickening and retraction commonly
seen with complete tear of the Achilles
tendon.

103

4-13

Traumatic complete rupture (type II)
of the Achilles tendon.

104

4-14A

(Left) Axial TIWI MR shows enlarged
tibialis posterior tendon in type 1 tear
with posterior medial malleolus spur.
The medial spur (arrow) is marrow
containing. (Right) Axial FS PD FSE
MR shows hyper-intense signal (arrow)
in partial tear (type 1) of the posterior
aspect of the tibialis posterior tendon.
Adjacent soft tissue oedema is hyper-
intense.

106

4-14B

(Left)  Sagittal graphic ~ shows
longitudinal split of the tibialis
posterior tendon into two sub-tendons.
(Right) Axial FS PD FSE MR shows
the anterior and posterior sub-tendons
of a type 2 tibialis posterior tendon tear.

107

4-14C

(Left) Sagittal graphic shows complete
rupture of the tibialis posterior tendon
with retracted tendon stumps. (Right)
Axial FS PD FSE MR shows hyper-
intense fluid (arrow) occupying area of
absent tibialis posterior tendon in a type
3 tendon tear.

108




(!0 EM(}.

Figure
number

Title

Page
number

4.15

(Left) Axial FS PD FSE MR shows
hyper-intense traumatic tenosynovitis
distending the flexor halluces longus
tendon sheath (arrow). (Right) Axial FS
PD FSE MR shows chronic flexor
hallucis longus muscle tendon unit
injury.

110

4.16

In tenosynovitis of the peroneal longus
tendon, the cross-sectional area of the
peri-tendinous fluid collection must be
larger than the tendon itself.

111

4.17A

(Left) Sagittal graphic shows peroneus
brevis tendon tear with frayed tendon
posterior to the lateral malleolus.
(Right) Axial FS PD FSE MR shows
split peroneus brevis tendon (arrow)
anterior to  normal hypo-intense
peroneus longus tendon.

113

4.17B

)Left) Sagittal graphic shows complete
rupture of peroneus brevis tendon with
avulsion of the inferior peroneal
retinaculum. (Right) Axial FS PD FSE
MR shows complete rupture (arrow) of
the peroneus brevis tendon

114

4-17C

(Left) Sagittal graphic shows chronic
stenosing tenosynovitis of the peroneal
tendons. Thickened and chronically
inflamed tendon sheath in red. (Right)
Axial PD MR shows chronic stenosing
tenosynovitis with intermediate signal
granulation tissue encasing (arrow) the
peroneus brevis and longus tendons

114

X



(!0 EM(}.

Figure . Page
number Title number
4-18 | An axial T1-weighted image of the left| 118
foot showing a “split” peroneus brevis
tendon with an irregular, bi-lobed

shape.

4-19 | Axial proton density MR image| 118
showing partial tear (arrow) of
posterior inferior tibiofibular ligament.

4-20 | Coronal fat suppressed fast spin echo| 119
proton density weighted image show
high signal intensity signal in the
interosseous membrane.

4-21 | Oblique axial T2-weighted image of| 120
partial tear of calcaneofibular ligament
shows fluid signal in ligament and
mildly irregular contour.

4-22 | Coronal proton density fat suppression| 123
MRIs in two cases of distal fibular
fracture.

6-1 | Pie chart representing distribution of| 132
the onset of ankle pain in the study
group.

6-2 | Types of Ligament's injuries diagnosed 133
by MRI.

6-3 | Types of Tendon injuries diagnosed by 134
MRI.

6-4 | Bone injuries diagnosed by MRI. 135

6-5 | Pie chart representing Joint effusion 136
distribution of the study group.

6-6 | Classification of different diagnoses 137
seen on MRI after ankle trauma.

6-7 | Bar chart demonstrating different MRI 138

findings in the study group.

Xl



