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ABSTRACT

An ankle fracture is a condition where the continuity of the bone in the ankle is partially or
completely disrupted Radiological imaging can be used to determine changes in the morphometric variations
of the ankle due to ankle fractures. These radiologaahtomical morphometric variations in patients can be
assessed through various measurements. This study aims to understand the radiokgicatal
morphometric variations of ankle fractures in patiergated at Regio Denpasar Hospital from 2019 to 2023.
The research was conducted using an observationalseotienal study approach. The results indicate that
based on the type of displacement, the average values of radiclagatamical morphometry dlfie ankle in
ankle fracture patients at Regio Denpasar Hospital from 2019 to 2023 consist of talocrural angle (91.6°),
lateral malleolar length (18.2 mm), medial malleolar length (10.6 mm), tibiofibular overlap (6.4 mm), medial
clear space (5.1 mm), Johmsangle (96.1°), anterior distal tibial angle (88.9°), and tibiofibular clear space
(2.9 mm). For undisplaced fractures, the values are talocrural angle (78.6°), lateral malleolar length (23.3
mm), medial malleolar length (9.1 mm), tibiofibular overla(Bim), medial clear space (2.4 miohnson
angle (87.5°), anterior distal tibial angle (82.1°), and tibiofibular clear space (3.1 mm). There is a significant
difference between displaced and undisplaced fracture types in the variables talocruraltargjlepddleolar
length, medial malleolar length, medial clear space, and anterior distal tibial angle. However, no significant
difference was found between the displaced and undisplaced fracture types for the variables tibiofibular
overlap and tibiofibulaclear space.
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INTRODUCTION ligaments and bones, works together to maintain stability. If a
The musculoskeletal system experiences a multitude dfacture occurs in one part of this ring, the condition can still
complaints, prevalent across nearly the entire world. This issumaintain balance. However, a fracture in two parts leads to
is intricately linked with daily activities. Disptions in this  reduced akle stability* Ankle fractures can result from two
system can cause significant problems for sufferers, leading tgoes of factors: direct and indirect. Direct factors include
tingling sensations, pain, numbness, swelling, stiffness, burnirigmpact and injury from specific accidents that can cause bone
sensations, and tremblihg\ccording to the Human Safety and trauma. Indirect factors encompass bone weakness due to
Work statistics (2018), there were 500,000 cases related to tbertain diseasés
musculoskeletal system in the UK throughout 2017 Abnormalities in patients with ankle fractures can be
Meanwhile, in Indonesia, a study conducted by the Departmeassessed further through radiological imaging. Various
of Health in 12 districts revealed that musculoskeletal systemmodalities can be used, such as CT scanay¥ arthrography,
cases constituted 16%, cardiovascular system cases 8&tid MRI. However, the simplest modality for assessment is
nervous system cases 5%,pietory system cases 3%, and through Xrays. Despite its less detailed images compared to

ENT (Ear, Nose, Throat) cases 1.5% other modalities, Xays are sufficient to explain a patient's
Most musculoskeletal cases are caused by mild tankle anatomy in two dimensiohs
severe trauma to the bones, resulting from botktnadfic and The sequence of fracture incidents esrsignificantly,

traffic accidents. Casesithin the musculoskeletal system can generally following this order: the talus rotates laterally, the
encompass diseases related to bones, joints, and tenddateral posterior malleolus is pushed, the AITFL (Anterior
Examples of these diseases include infections and boteferior Tibiofibular Ligament) is stressed and ruptured,
fracturesA fracture, often known as a broken bone, refers to &ollowed by the PITFL (Posterior Inferior Tibiofibular
condition where there is a discontinoatin bone continuity, Ligament) rupture, and concludes with disturbances in the
either in part or entirefyy According to Riskesdas (2018), the deltoid ligament This process leads to changes, resulting in
body part most affected by fractures in the lower extremitiesjarious morphometric variations in the ankle bone region
accounting for 67%, with ankle fractures being a part 8t  during fractures. Combined with different types of fracture
ankle resembling a ring with two parts, each connected by
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treatment procedures likast usage, pin placements, and manyhis stage, fractures through the medial malleolus or

more, it presents diverse radiological pictures for each patient.disruptions in the deltoid ligament become promirfent
These radiological variations in patient anatomy can be

observed through various measurements, including talocrur&racture Ankle

angle, lateral malleolar length, di@l malleolar length, Fractures are amonghe disorders affecting the
tibiofibular overlap, medial clear space, Johnson angle, anterionusculoskeletal system, impacting muscles, tendons, joints,
distal tibial angle, and tibiofibular clear spAce and boned Purnomo engasulates the definition of a fracture

Basel on the background presented abdiveaim of  as the general loss of bone continuity, whether partial or
this study is to analyze and document the variations icomplete, resulting in cracking, brittleness, and loss of
ankle morphology in patients with fractures, as observedlignment. Fractures can also be described as the disruption of
through radiological imaging, particularly focusing on the bone's continuity due to traunmaighysical forcé®

specific measurements such as the tal@drangle and The body's lower extremities are the most vulnerable to
tibiofibular overlap, within the population of patients fractures, accounting for 67%, followed by upper extremities at
treated in hospitals in the Denpasar region. 32%, head injuds at 11.9%, spinal injuries at 6.5%, chest
injuries at 2.6%, and abdominal injuries at 2.2%. Fracture
LITERATURE REVIEW related injuries can occur anywhere and anytime. In 2018,
household environments contributed to the highest percentage
Anatomy of Ankle of injuries at 44.7%, compared tmadways at 31.4%,

The ankle is a rather complex part of the bodyworkplaces at 9.1%, and schools at 6%ractures can occur
when examined anatomically. It's defined as a ring withdue to several factors including, indirect trauma, direct trauma,
two parts, each connected by ligaments and bonesnd traura due to muscle pulling
working together to maintain stability. The ankle is Ankle fractures can result from various types of trauma
divided into two sections: lateral and medidlhe lateral  to the bone, ligaments, or muscles. Such trauma can cause
ligament consists of the anterior talofibular (ATFL), external rotation forces, both deep and superlitigkternal
calcaneofibular (CFL), and posiar talofibular (PTFL) rotation, or lateral rotation, is the movement of limbs away
ligaments, connecting to the lateral malleolus and thdrom the body's midlin& This action causes the deltoid
ankle. A syndesmosis is a ligament composed of thégament to rupture or move in one direction while tendons
anterior and posterior inferior tibiofibular ligaments suddenly pull in the opposite direction from the medial
(AITFL and PITFL) and the interosseous ligament,malleolus. The deltoid serves as effective medial support
positioned between thébia and fibula® stabilizing the talus for movement. Therefore, the rupture of the

The medial part of the ankle includes the medialdeltoid ligament compromises ankle stabifity
malleolus and the medial collateral ligament, also known Fractures can also damage blood vessels, leaoling
as the deltoid ligament. The deltoid ligament isbleeding. This bleeding results in reduced blood volume in the
significantly stronger than the lateral ligament. Thebody, causing a decrease in COP (Cardiac Output), which can
deltoid further diviles into superficial and deep deltoid. lead to tissue perfusion changes. As a result of tissue perfusion
The deep deltoid includes components like the anteriochanges, hematoma exudes plasma and proliferates into local
and posterior talotibial ligaments (ATTL and PTTL). The bodyaccumulation forming local edertia
anterior part extends distally and laterally to insert into the In suspected cases of ankle fractures, ttadiegraphy
anterior lateral margin of the malleolusjth increased views of the ankle joint are required to evaluate fractures,
fiber length distally.The posterior part is the strongest, subluxations, and bone dislocatidhddence, several types of
originating from the medial posterior malleolus, movingradiographic views, both general anafic, are required to
posteriormedially and then to the plantar and articulardetermine the diagnosis related to the fractmauding,
surfaces. However, it's important to note that the deltoiginteroposterior (ap) view, mortise view, lateral view, oblique
ligament tightens when weighbearing or in the view, stress view, external rotation stress Vigwractures
plantigrade position because the fibers within thiscome in various types @egtined by several indicators, such as
ligament play a crucial role itheankle* based on bone fragment displacement, there are undisplaced

The mechanism of ankle fractures generally begindracturesand displaced fractusean undisplaced fracture occurs
with pressure on the lateral structures, and as the forsghen there's a crack or break in the bone, but the bone fragment
coninues, the medial structures are eventually invafved maintains its position andlignment. a displaced fracture
In stage |, the talus rotates laterally, pushing the posteridnvolves bone dislocation where the bone breaks into two or
lateral malleolus and stressing the AITFL. As the lateramore parts that shift, causing the ends to misdlign.
rotation of the talus progresses, the lateral structures
experience further stress leaglimo stage Il, where the Ankle Morphometric Variations
AITFL ruptures. In stage lll, there is a rupture of the Several previous studies, such as the one conducted by
PITFL or a posterior tibia malleolus fracture observed inMarsil (indicate differences in radiological examination values
addition to the AITFL rupture, along with a spiral fibula of the ankle joint in both normal conditions and during trauma.
fracture. In stage IV, involvement of the medial ankleThe assessed areas can reveal pathological conditions that vary
strwctures is seen alongside the lateral (fibula or AITFL)among individual patients
and posterior (PITFL or posterior malleolus) structures. In
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Talocrural Angle Tibiofibular Overlap

The Talocrural Angle is the degree formed by a line Tibiofibular overlap is the overlapping area between the
perpendicular to the distal tibial articular surface and a linenedial part of the distal fibula and the anterior part of the distal
connecting the ends of the malledThis degree is used to tibia. It's considered normal if the horizontal distance is >6
measure fibular shortening in ankle fractures. The normal valuem?° Tibiofibular overlap can be observed in Figdre
ranges bet wewhen ekabnipingtthe talatr@ral
angle, it's essential to assess the difference in this angle between
both feet, as it significantly determines the fieefprognosis in
patients. A prognosis is considered good if the differénc
talocrural angle bet we'eThe bot h fe
Talocrural Angle can be seen in Figure 1

re than 2e

Figure 4: Radiograph of Tibiofibular Overldf

Medial Clear Space
The medial clear space is the widest distance between

the lateral border of the matimalleolus and the medial part of

the talus, measured parallel to the superior surface of the talus

articular. It's normal if it's less than 4 mPrMedial clear space

can be seen in Figube

Figure 1: Radiograph of Talocrural Angle, Line connecting
malleoli (AB), Medial Clear Space (CD), Line connecting talus

(EF), Distal Tibial Articular Surface (GH), Tibial axis (PK),

Tibiofibular Clear Space (13§
Lateral Malleolar Length
The length of the lateral malleolus is measured from the

top of the talus to the end of the malleolus. The maximum and
minimum values for lateral atieolar length are 28 mm and 20
mm, with an average of 23.7 nifiiThe lateral malleolar length
can be observed in Figure 2

Figure 5: Radiograh of Medial Clear Space (D), Tibiofibular
Overlap (B), Tibiofibular Clear Space (€)

Johnson Angle
The Johnson angle is maeed as the angle between the
; tibial axis and the tibial plane. It's used to assess varus or valgus
e deviation. The normal range is-852°eJohnson's angle can be
seen in Figuré.
A : A
Figure 2: Radiograph of Lateral Malleolar Length (LLM),
Medial Malleolus (A), Anterior Distal Tibial Angle (ADTA),
Lateral Distal Tibial Angle (LDTAJ®

Medial Malleolar Length

The length of the medial malleolus is measured from
the end of the tibia to the malleolus. The normal value ranges
from 8 to 10 mnt® Medial mallecér length can be seen in
Figure3.

Figure 6: Radiograph of Johnson Andle
Anterior Distal Tibial Angle
The anterior distal tibial angle is the angle between the
axis of the tibia and the line connecting the anterior and
posterior surfaces of thébin. The measurement is used to
assess the tilt of the tibial component during ankle fractures.
The nor mal v aFPAmeror distal@lalabg e N2 .

; can be seen in Figure
Figure 3: Radiograph of Medial Malleolar Length
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