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THESIS SUMMARY

Introduction

The incidence of ankle fractures is increasing with an elderly patient population and higher
physical activity level. Unstable ankle fractures require surgery to restore ankle stability and
joint congruity, thereby improve pain, function, and risk of developing posttraumatic

osteoarthritis (OA).

Standard surgical treatment of lateral malleolar fractures today is plate and screw fixation.
Due to the high risk of surgical complications in elderly patients, the minimally invasive
technique with nail fixation has been introduced as an alternative to plate fixation. The
surgical treatment of syndesmotic injuries has been debated for decades, with screw fixation
as the traditional choice and suture button (SB) as a newer alternative. Furthermore, if
presence of a posterior malleolar fracture (PMF), fixation of the fragment has been suggested
to restore the tension of the posterior syndesmotic ligament, thereby restore syndesmosis

and ankle joint kinematics.

Aims

The goal of this doctoral thesis was to investigate different surgical methods for treatment of
acute unstable ankle fractures. This included to compare nail and plate fixation of acute
unstable AO/OTA type 44-B ankle fractures in elderly patients, SB and tricortical screw fixation
of acute AO/OTA type 44-C ankle fractures, and PMF fixation with screws and trans-

syndesmotic SBs for treatment of ankle injuries with PMF and an unstable syndesmosis.

Materials and methods

Paper | is a multicenter randomized controlled trial (RCT) including patients 60 years or older
with an acute unstable AO/OTA type 44-B ankle fracture. A total of 120 patients were
randomized to nail or plate fixation and followed for 24 months after surgery. The primary

outcome measure was American Orthopaedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot



Scale. Secondary outcome measures were Manchester-Oxford Foot Questionnaire (MOxFQ),
Olerud and Molander Ankle (OMA) Scale, EuroQol-5d (Eg5d) index and visual analogue scale
(VAS), VAS scores for pain, complications, fracture reduction, radiographic nonunion, and

ankle OA.

Paper Il is a multicenter RCT including patients 18 to 69 years with an acute AO/OTA type 44-
C ankle fracture. A total of 113 patients were randomized to trans-syndesmotic fixation with
one SB or one tricortical screw and followed for 24 months after surgery. The primary outcome
measure was AOFAS Ankle-Hindfoot Scale. Secondary outcome measures were MOxFQ, OMA
Scale, Eq5d index and VAS, VAS scores for pain, ROM, tibiofibular distance, ankle OA, and

tibiofibular synostosis.

Paper lll is a biomechanical study including 20 cadaveric lower leg specimens that had creation
of a PMF (25% or 50%) with syndesmosis injury and were tested using a 6-degrees-of-freedom
robotic arm. Four biomechanical tests (external rotation, internal rotation, posterior drawer,
lateral drawer) were performed in 7 states: 1) Intact, 2) syndesmosis injury with PMF, 3) trans-
syndesmotic SBs, 4) trans-syndesmotic SBs + anterior inferior tibiofibular ligament (AITFL)
augmentation, 5) trans-syndesmotic SBs + AITFL augmentation + posterior malleolar screws,
6) posterior malleolar screws + AITFL augmentation, 7) posterior malleolar screws. A 5-camera
motion capture system was used to record the relationship between the fibula, tibia, and

talus.

Results

In study I, median AOFAS score was 90 (IQR: 82—-100) after nail fixation and 95 (IQR: 87-100)
after plate fixation (p = .478) at 24 months. This result was equivalent between the groups.
The number of complications and secondary surgical procedures were higher after nail than
plate fixation (p = .024, p = .028, respectively). No other differences were found between the

groups.

In study Il, median AOFAS score after both SB and tricortical screw fixation at 24 months was
97 (IQR SB: 87-100, IQR tricortical screw: 90-100, p = .7) and the mean score was equivalent

between the groups. There was no significant difference in tibiofibular distance and the
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malreduction rates were comparable (SB: 35%, tricortical screw: 29%). No difference was

found in complication or reoperation rate.

In study Ill, with external rotation, posterior malleolar screws with AITFL augmentation
resulted in best stability of the fibula and ankle joint. With internal fixation, all repairs that
included posterior malleolar screws stabilized the fibula and ankle joint. Posterior and lateral
drawer resulted in only small differences between the intact and injured states. No differences

were found in the efficacy of treatments between 25% and 50% PMFs.

Conclusions

The functional outcome after nail and plate fixation was equivalent; however, the number of
complications and secondary surgical procedures were higher after nail fixation. Plate fixation
should be the treatment of choice for acute unstable ankle fractures in elderly patients in

general.

The functional outcome after SB and tricortical screw fixation was equivalent, and there was
no difference in tibiofibular distance. Tricortical screw is a cheaper alternative than SB when

treating acute syndesmosis injuries.

Posterior malleolar screw fixation with AITFL augmentation may be the preferred surgical
method when treating patients with acute ankle injury involving an unstable syndesmosis and

a PMF of 25% or larger.
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NORSK SAMMENDRAG

Bakgrunn

Forekomsten av ankelfrakturer er gkende med en eldre pasientpopulasjon og et hgyere fysisk
aktivitetsniva. Ustabile ankelfrakturer bgr opereres for a gjenopprette ankelstabiliteten og
leddkongruiteten, og pa den maten bedre smerte, funksjon, og risiko for a utvikle

posttraumatisk artrose.

Standard operasjonsmetode for fraktur i laterale malleol i dag er plate og skrueosteosyntese.
Pa grunn av gkt risiko for komplikasjoner ved kirurgi hos eldre pasienter, har en mindre invasiv
operasjonsmetode med naglefiksasjon blitt introdusert som et alternativ til platefiksasjon.
Operativ behandling av syndesmoseskader har vaert omdiskutert i lang tid, hvor tradisjonell
metode har veert skruefiksasjon og en nyere metode har vaert sutur button (SB). Videre har
det blitt foreslatt at frakturer i bakre malleol kan behandles med fiksasjon av det fragmentet
som kan gjenopprette tensjonen til det bakre syndesmoseligamentet og dermed gjenopprette

kinematikken i syndesmosen og ankelleddet.

Mal

Malet med denne avhandlingen var a se pa ulike operasjonsmetoder for behandling av akutte
ustabile ankelbrudd. Vi sammenlignet nagle- og platefiksasjon av akutte ustabile AO/OTA type
44-B ankelfrakturer hos eldre pasienter, SB- og trikortikal skruefiksasjon av akutte AO/OTA
type 44-C ankelfrakturer, og fiksasjon av bakre malleolfraktur med skruer og
syndesmosefiksasjon med SB for behandling av ankelskader med fraktur i bakre malleol og

ustabil syndesmose.

Materiale og metoder

Artikkel | presenterer en multisenter randomisert kontrollert studie (RCT) som inkluderer
pasienter 60 ar og eldre med en akutt ustabil AO/OTA type 44-B ankelfraktur. Totalt ble

120 pasienter randomisert til nagle- eller platefiksasjon og fulgt i 24 maneder etter operasjon.
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Hovedendepunkt var American Orthopaedic Foot and Ankle Society (AOFAS) ankel-bakfot
skala. Sekundaere endepunkter var Manchester-Oxford Foot Questionnaire (MOxFQ), Olerud
og Molander Ankel (OMA) score, EuroQol-5d (Eq5d) index og visual analogue scale (VAS), VAS

for smerte, komplikasjoner, frakturreposisjon, radiologisk tilheling og ankelartrose.

Artikkel Il presenterer en multisenter RCT som inkluderer pasienter 18 til 69 ar med en akutt
AO/OTA type 44-C ankelfraktur. Totalt ble 113 pasienter randomisert til syndesmosefiksasjon
med én SB eller én trikortikal skrue og fulgt i 24 maneder etter operasjon. Hovedendepunkt
var AOFAS ankel-bakfot skala. Sekundaere endepunkter var MOxFQ, OMA score, Eq5d index
og VAS, VAS for smerte, bevegelsesutslag, avstand i syndesmosen, ankelartrose og tibiofibular

synostose.

Artikkel 11l presenterer en biomekanisk studie som inkluderer 20 ankelkadavre hvor det ble
lagd en fraktur i bakre malleol (25% eller 50%) med syndesmoseskade. Disse ble testet med
en robot-arm med 6 frihetsgrader. Fire biomekaniske tester (utadrotasjon, innadrotasjon,
bakre skuffetest, lateral skuffetest) ble gjort i 7 stadier: 1) Intakt, 2) syndesmoseskade med
bakre malleolfraktur, 3) syndesmosefiksasjon med SB, 4) syndesmosefiksasjon med SB +
fremre syndesmosefiksasjon, 5) syndesmosefiksasjon med SB + fremre syndesmosefiksasjon
+ skruefiksasjon av bakre malleol, 6) skruefiksasjon av bakre malleol + fremre
syndesmosefiksasjon, 7) skruefiksasjon av bakre malleol. Et kamerasystem ble brukt for a

registrere forholdet mellom fibula, tibia, og talus.

Resultater

| artikkel 1 var median AOFAS score 90 (IQR: 82-100) etter naglefiksasjon og 95 (IQR: 87—-100)
etter platefiksasjon (p = .478) etter 24 maneder. Disse resultatene var ekvivalente. Antallet
komplikasjoner og reoperasjoner var hgyere etter nagle- enn platefiksasjon (p =.024, p =.028,

respektivt). Ingen andre forskjeller ble funnet mellom gruppene.

| artikkel 1l var median AOFAS score 97 etter bade SB og trikortikal skruefiksasjon etter 24
maneder (IQR SB: 87-100, IQR trikortikal skrue: 90-100, p = .7) og gjennomsnittlige scorer var

ekvivalente. Det var ingen signifikant forskjell i avstand i syndesmosen, og antallet pasienter
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med darlig reposisjon var sammenlignbart (SB: 35%, trikortikal skrue: 22%). Det var ingen

forskjell i antallet komplikasjoner eller reoperasjoner.

| artikkel 1ll var det best stabilitet av fibula og ankelleddet ved utadrotasjon dersom det var
gjort skruefiksasjon av bakre malleol og fremre syndesmosefiksasjon. Ved innadrotasjon var
fibula og ankelleddet stabilisert ved alle fiksasjoner som inkluderte skruefiksasjon av bakre
malleol. Bakre og lateral skuffetest resulterte kun i sma forskjeller mellom intakt og skadet

stadium. Det var ingen forskjell i effekten av behandlingen mellom 25% og 50% fragment.

Konklusjoner

Det funksjonelle resultatet etter nagle- og platefiksasjon var ekvivalent, men antallet
komplikasjoner og reoperasjoner var hgyere etter naglefiksasjon. Platefiksasjon bgr veere

forstevalget ved behandling av akutte ustabile ankelfrakturer hos eldre pasienter generelt.

Det funksjonelle resultatet etter SB- og trikortikal skruefiksasjon var ekvivalent, og det var
ingen forskjell i avstand i syndesmosen. Trikortikal skrue er et billigere alternativ enn SB ved

behandling av akutte syndesmoseskader.

Skruefiksasjon av bakre malleol i tillegg til fremre syndesmosefiksasjon bgr veere den
foretrukne operasjonsmetoden nar man behandler pasienter med akutt ankelskade som

involverer en ustabil syndesmose og en fraktur i bakre malleol som er 25% eller stgrre.
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INTRODUCTION

Epidemiology

In recent years, the incidence of ankle fractures has shown an increasing trend, and possible
explanations are higher life expectancy and a more physically active population (1, 2).
Additionally, a higher number of multiple fractures is seen with higher age (1). As a result, an
increased burden on the health care system with more financial and logistical challenges may

be expected (2).

A Swedish registry study from 2020 reported that ankle fractures constitute about 10% of all
fractures, with an incidence of 126.6 per 100,000 person-years (3). In this study, the mean age
was 52.8 years with a higher incidence with increasing age starting from 40 years of age (3).
In elderly patients, ankle fractures represent the fourth most common extremity fracture (1).
The distribution demonstrates age-gender dependency, where females account for the
highest proportion of patients after 40 years of age, which can be explained by an increased
predisposition due to age-related osteoporosis (2, 4, 5). Traditionally, about 43% to 56% of all

ankle fractures have been treated surgically (6, 7).

A posterior malleolar fracture (PMF) has been reported in 7% to 44 % of ankle fractures (8, 9).
A proximal fibula fracture with syndesmosis injury has been reported in 12% to 37% of
surgically treated ankle fractures (10-12). Both a PMF and a syndesmosis injury are associated

with poorer functional outcome and earlier development of osteoarthritis (OA) (13, 14).

Isolated PMFs and syndesmosis injuries, so called high ankle sprains, will not be elaborated in

this thesis.

Anatomy

The ankle joint, also called the tibiotalar joint, sustains loads of almost 4 times the bodyweight
during normal physiological weightbearing (15), with 77% to 90% transferred through the
tibial plafond and the remainder through the medial and lateral talar facets (16). The lateral,
medial, and posterior malleolus constitute the bony stabilizers of the joint and act to constrain

the talus within the mortise (17). The lateral collateral ligaments, the medial collateral
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ligaments, and the syndesmotic ligaments constitute the ligamentous stabilizers of the ankle

joint.

The lateral collateral ligaments consist of the anterior talofibular ligament (ATFL),
calcaneofibular ligament (CFL), and posterior talofibular ligament (PTFL) (Figure 1a and 1b)
(18). Four superficial (tibionavicular, tibiospring, tibiocalcaneal, and superficial posterior
tibiotalar ligaments) and 2 deep components (anterior and posterior talotibial ligaments (ATTL
and PTTL)) constitute the medial collateral ligament, or the deltoid ligament (Figure 1c) (19).
The superficial layer spans from the medial malleolus and crosses both the ankle and subtalar
joint, and the deep layer from the medial malleolus and across the ankle joint only. The
syndesmotic ligaments connect the distal tibia and fibula and consist of the anterior inferior
tibiofibular ligament (AITFL), the interosseous tibiofibular ligament (ITFL), and the posterior
inferior tibiofibular ligament (PITFL) including superficial and deep components (Figure 1a and
1b) (20). The AITFL attaches at the anterior border of the fibula (Le Fort, Wagstaffe) and runs
proximally in a trapezoidal shape to attach at the anterolateral tibial tubercle (Tillaux-Chaput).
The ITFL is a pyramidal shaped distal extension of the interosseous membrane. The
interosseous membrane starts at about 5 cm proximal to the ankle joint and maintains the
tibiofibular relationship all the way to the proximal tibiofibular joint. Like the AITFL, the
superficial fibers of the PITFL have a trapezoidal shape. It has a broad attachment to the
posterior malleolus (Volkmann) and a narrower attachment to the fibular tubercle. The deep
fibers of the PITFL, the transverse tibiofibular ligament (TTFL), runs parallel to the distal margin

of the superficial fibers to attach to the fibula.

Biomechanics

The ankle joint functions as a hinge joint where the primary movement is dorsiflexion and
plantarflexion (21). The axis of rotation, the bimalleolar axis, is slightly oblique with about 8
degrees angle in the coronal plane and 6 degrees angle in the axial plane. Additionally, the
cone-shaped talar dome is wider anteriorly and laterally. Both the axis of rotation and the
shape of the talus result in a few degrees external rotation during dorsiflexion and internal
rotation during plantarflexion (22, 23). Clinically, the normal range of motion (ROM) of the

ankle is a combined motion at the ankle, subtalar, and talocalcaneonavicular joints, which
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Figure 1a. Anterolateral view of a left foot and
ankle in neutral plantar flexion and dorsiflexion
depicting the anatomic sites of attachment and
course of the anterior inferior tibiofibular
ligament (AITFL). The capsular ridge is defined
as the ridge along the anterior tibia coincident
with the superior attachment of the anterior
joint capsule. ATFL, anterior talofibular
ligament; CFL, calcaneofibular ligament. Figure
by Williams et al.,, The American Journal of
Sports Medicine 2014 (20).

Figure 1b. Posterior view of a left foot and ankle
in neutral plantar flexion and dorsiflexion
diagramming the anatomic sites of attachment
and course of the posterior inferior tibiofibular
ligament (PITFL). CFL, calcaneofibular ligament;
PTFL, posterior talofibular ligament. Figure by
Williams et al., The American Journal of Sports
Medicine 2014 (20).

Figure 1c. lllustration of the medial view of a left ankle
showing the anatomical attachment sites of the
ligamentous bands of the deltoid ligament and their
spatial relationships to surgically relevant osseous

Tisospringgamens landmarks: (A) distal center of the intercollicular
‘/x‘t groove, (B) posteromedial talar tubercle, (C) posterior
point of the sustenaculum tali, (D) tuberosity of the
navicular, and (E) anteromedial corner of the trochlea.
Figure by Campbell et al., Journal of Bone and Joint
Surgery 2014 (19). Reprinted with permission.



results in motions in the sagittal (dorsiflexion/plantarflexion), coronal (inversion/eversion)
and axial (abduction/adduction) planes, in addition to multiplanar (pronation/supination)
motions (24). The motion in the sagittal plane occurs mainly at the ankle joint and is
approximately 20 degrees of dorsiflexion and 40 to 50 degrees of plantarflexion (25). Only
about 30 degrees of ROM in the sagittal plane is required for walking (24). The motions are

restricted by the medial and lateral collateral ligaments as well as the syndesmotic ligaments.

The lateral collateral ligaments provide stability to the lateral side of the ankle joint and resists
varus stress of the foot (24, 26). Additionally, the ATFL resists plantarflexion and internal

rotation and the PTFL resists dorsiflexion and external rotation of talus in relation to tibia.

The deltoid ligament is stronger than the lateral collateral ligaments (27, 28), and is considered
the most important component of ankle stability (29). Both the superficial and deep layer help
maintain talus alignment by limiting anterior and lateral translation of talus in relation to tibia
(30). Additionally, the superficial layer resists valgus stress and external rotation (30, 31). The
deep layer mainly resists external rotation as well as plantarflexion. The PTTL is considered
the strongest ligament (28). This ligament is tight when the foot is in neutral position as during
weightbearing. In plantarflexed position, the PTTL is loose. These characteristics of the deltoid

ligament have important implications for the classification and treatment of ankle fractures.

The syndesmotic ligaments play an important role for ankle stability by maintaining the
integrity of the syndesmosis and ankle joint. Additionally, the syndesmotic elasticity allows for
about 1.5 mm increase in intermalleolar distance during dorsiflexion to accommodate the
anteriorly wider talar dome (22), resulting in lateral translation, posterior translation, and
external rotation of the fibula in relation to the tibia (23, 32, 33). Biomechanical studies have
tested the contribution of the individual ligaments to syndesmotic stability. Following
sequential cutting of the syndesmotic ligaments, Ogilvie-Harris et al. found that the
contribution to resist syndesmotic diastasis was 36% for the AITFL, 33% for the deep PITFL,
22% for the ITFL, and 9% for the superficial PITFL (34). Furthermore, the AITFL and superficial
PITFL have shown to provide the strongest resistance to external and internal rotation of the
foot, respectively (35). Syndesmosis injury results in significant increases in sagittal translation
and rotation of the fibula (35), but the deltoid ligament has demonstrated important

contributions to syndesmotic stability (36-39). Significant syndesmotic instability has been

19



reported with lateral stress after the AITFL, ITFL, and deltoid ligament were cut (37). This
instability was not present after the AITFL and ITFL were cut isolated (39). Another study found
significantly increased posterior fibular translation and tibiotalar contact pressure with axial
load and external rotation when the ITFL was cut in addition to the AITFL and anterior deltoid
ligament (40). Although the magnitude of syndesmotic stability needed to maintain ankle
stability is not known, these biomechanical studies suggest that careful restoration of

syndesmotic integrity is essential to maintain normal ankle kinematics.

Mechanism of Injury and Classification

Ankle fractures are fractures of one or more of the malleoli. Ankle fractures are commonly
caused by a low energy trauma when the body rotates on a planted foot (17). The most
frequently reported mechanism of injury is fall from standing height; however, about 20% of
the fractures are related to sports which is more common in males and in patients younger

than 20 years (1, 4).

Several classifications are used to describe ankle fractures, including descriptive, causative,
and stability-based classifications. Two descriptive classification systems are frequently used
in clinical practice. The Danis-Weber classification divides ankle fractures based on the level
of the fibula fracture relative to the syndesmosis (41). Weber A fractures are fractures distal
to the syndesmosis and result in intact syndesmosis, Weber B fractures are at the level of the
syndesmosis and may or may not have concomitant syndesmosis injury, and Weber C
fractures are proximal to the syndesmosis and have concomitant ruptured syndesmotic
ligaments. This classification has demonstrated good interobserver agreement (42, 43);
however, the level of fibula fracture is not consistently predictive of syndesmosis injury and
the medial side of the ankle is not considered (44, 45). Therefore, this classification cannot
guide treatment (29). The modified Broos and Bisschop system divides ankle fractures into
uni-, bi-, or trimalleolar ankle fractures according to the number of malleoli fractured (46).
Although the presence of syndesmotic and collateral ligament injury is ignored, the
classification has shown to predict stability and therefore, can guide treatment (29, 47).
Unimalleolar fractures represent about 70%, bimalleolar 20%, and trimalleolar 10% of all ankle

fractures (4). Another descriptive classification is the American Orthopaedic Association /
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Orthopaedic Trauma Association (AO/OTA) classification (48). This classification categorizes
ankle fractures into 3 groups with subtypes, and additionally, includes injury to the medial and
posterior side of the ankle. It is frequently used for documentation and research purposes,
but is comprehensive for clinical practice and has limited intra- and interobserver reliability
(43). The distribution of ankle fractures has been reported to be 24% type A, 66% type B, and
10% type C fractures (4).

The Lauge-Hansen classification is a causative classification that divides ankle fractures into
groups based on the position of the foot, direction of the force, and degree of rotational force
at the time of injury (Table 1) (49). Accordingly, 4 different fracture patterns are described:
supination external rotation (SER), supination adduction (SA), pronation external rotation
(PER), and pronation abduction (PAB). Some studies have reported poor reproducibility of the
injury pattern (50, 51), as well as poor intra- and interobserver reliability (42, 43, 52).
Nevertheless, since this classification considers medial and posterior structures, it can be used
to predict ligamentous injuries as well as plan surgical treatment (53). About 70% of ankle

fractures occur when the foot is supinated and 30% when the foot is pronated (27).

Supination external rotation (SER) | Stage 1: AITFL rupture

Stage 2: Oblique fibula fracture at syndesmosis level
Stage 3: PITFL rupture or posterior malleolar fracture
Stage 4: Deltoid ligament rupture or transverse
medial malleolar fracture

Supination adduction (SA) Stage 1: Fibula fracture distal to syndesmosis level
Stage 2: Vertical shear medial malleolar fracture
Pronation external rotation (PER)  Stage 1: Deltoid ligament rupture or transverse
medial malleolar fracture

Stage 2: AITFL rupture

Stage 3: Fibula fracture proximal to syndesmosis
level

Stage 4: PITFL rupture or posterior malleolar fracture
Pronation abduction (PAB) Stage 1: Deltoid ligament rupture or transverse
medial malleolar fracture

Stage 2: AITFL or PITFL rupture

Stage 3: Transverse fibula fracture at or proximal to

syndesmosis level
Table 1. The Lauge-Hansen classification with 4 different groups based on foot position and direction of force,

and stages based on degree of rotational force.
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The stability-based classification divides ankle fractures into 2 groups; stable and unstable
ankle fractures. Unstable ankle fractures are fractures that result in displacement when
physiologic forces are applied, and result in abnormal motions of the ankle joint and changed
contact pressure of the talus (54, 55). Therefore, unstable ankle fractures require surgical
fixation to restore stability and joint congruity. To evaluate if an ankle fracture is unstable, the
ankle joint may be thought of as a ring consisting of bony and ligamentous components (27,
28). If the ring is broken at only one site, the ring remains stable. However, if the ring is broken
at 2 or more sites, the ring is considered unstable and requires surgical treatment to restore
the stability. Consequently, bi- and trimalleolar fractures are clearly unstable. A supra-
syndesmotic fibular fracture is usually caused by a PER injury and is, according to the Lauge-
Hansen classification, associated with a medial malleolar fracture or a deltoid ligament injury.
Therefore, this injury is considered unstable. Similarly, a trans-syndesmotic fibular fracture,
usually caused by a SER injury, may be considered unstable if the rotational force involves
injury to the medial side. Although this theory can be used to guide treatment of ankle
fractures, there are circumstances in which the stability may still be questionable, like when
presence of a partial deltoid ligament or syndesmosis injury (29). Still, the stability-based
classification has demonstrated high reproducibility and superior prognostic ability to identify
patients who need surgical treatment compared to both the Weber and Lauge-Hansen

classifications (29, 42).

Syndesmosis injuries may be graded from 1 to 3, depending on the degree of ligament injury
(56). Grade 1 injuries are ligamentous sprains that are stable and should be treated
conservatively. Grade 2 injuries are partial syndesmosis injuries that demonstrate normal
radiographic findings but are unstable on stress tests. These injuries may or may not require
surgery. Grade 3 injuries have complete rupture of the syndesmotic complex and demonstrate
diastasis on plain radiographs. These injuries can be associated with a supra-syndesmotic
fibular fracture, and they require surgical stabilization to regain stability. Concomitant deltoid
ligament injury increases the risk of syndesmotic instability (57). In a retrospective study, Chan
et al. reported a significant association between deep deltoid ligament injury and need for
syndesmotic fixation in Weber B fractures (58). This association was not found in Weber C

fractures, where syndesmotic fixation was required in 92% of the fractures. Since syndesmosis
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injury in Weber B fractures is found inconsistently, the decision to stabilize the syndesmosis

in unstable Weber B fractures should be based on intraoperative stress testing (44, 45).

Three classifications are used to describe PMFs on computed tomography (CT) scans (Table
2). The Haraguchi classification was the first classification and is most frequently reported in
the literature (59). The Bartonicek and the Mason classifications are modifications of the
Haraguchi classification and includes details about the fragment morphology (60, 61).
Additionally, the Mason classification combines the fragment morphology and associated
injuries with the pathomechanism (61). Therefore, this classification may predict associated
injuries and guide treatment. Mason type 1 fracture was described to result from a rotational
force on an unloaded plantarflexed talus, type 2A from a rotational force on a loaded talus,
type 2B from a continued rotational force, and type 3 from axial loading of a plantarflexed
talus. Few studies have assessed the reliability of the classifications; however, better intra-
and interreliability has been reported with the Bartonicek classification compared to the

Haraguchi and Mason classifications (62).

Description llustration Haraguchi Bartonicek Mason
classification | classification | classification
Posterolateral 1 2 2a
fragment
Medial 2 3 2b
extension
Extraincisural 3 1 1
fragment
Large
posterolateral 4
fragment
Whole
posterior 3
plafond

Table 2. The 3 classifications of PMFs based on morphology. The red lines represent fracture lines. CT scan from
Department of radiology, @stfold Hospital Trust.
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Diagnosis

The diagnosis of ankle fractures depends on a thorough medical history, clinical assessment,
radiographic examination, and intraoperative testing of the ankle. The medical history
provides information about comorbidities, social habits, and functional level, as well as the
trauma mechanism which can be used to predict fractures, ligament ruptures, and soft tissue
injuries. Initial clinical assessment includes deformities, soft tissues (swelling, blisters, wounds,
closed or open fracture), and neurovascular examination. Pain on palpation suggests injury to
the underlying structures. The proximal fibula should specifically be palpated to examine for
fracture of the proximal third of the fibula (Maisonneuve fracture). Examination of deltoid
ligament injury includes medial-sided ecchymosis, swelling, and tenderness on palpation, but
none of these findings are reliable predictors of ankle instability (63, 64). Tenderness on
palpation of the AITFL has been found to be significantly associated with syndesmosis injury
on magnetic resonance imaging (MRI) (57, 65). Clinical stress tests for syndesmosis injury are
rarely tolerated by the patient in the acute setting (66). If the patient presents with an ankle
fracture dislocation, the ankle should be reduced and temporarily stabilized with a splint

before radiographic examination.

Plain radiographs of the ankle (anterior, lateral, and mortise), and of the entire lower leg if a
Maisonneuve fracture is suspected, is part of the initial evaluation and gives an overview of
the injury. If presence of an isolated lateral malleolar fracture, the integrity of the deltoid
ligament needs to be assessed to evaluate stability. When the deltoid ligament is ruptured,
the talus shifts laterally and the distance between the medial malleolus and the talus, the
medial clear space (MCS), increases. Traditionally, deltoid ligament injury was assessed by
measuring the MCS on the initial nonweightbearing mortise view radiographs. If more than 4
mm, the fracture was considered unstable (Figure 2) (28); however, if 4 mm or less, a gravity
stress test under fluoroscopy was performed (67). If the MCS on gravity stress test was more
than 4 mm, the ankle was considered unstable. Other stress tests, like the external rotation
stress test and valgus stress test, have also been utilized (29, 67). These stress tests for ankle
stability have been criticized for overestimating the need for surgery (68-71). Recent studies

have shown that isolated lateral malleolar fractures with positive stress radiographs but intact
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mortise on weightbearing radiographs are stable and can be
treated nonsurgically with successful functional outcome,
few complications, and preserved ankle congruency (68, 70-
72). It has been suggested that rupture of the superficial
deltoid ligament and/or ATTL results in increased MCS on
gravity stress test (28). However, if the PTTL is intact, neutral
foot position during weightbearing radiographs results in
tightening of the PTTL and restoration of joint congruity. In
other words, if the PTTL is intact, the ankle is stable. If
presence of a complete rupture of the deltoid ligament,
including the PTTL, the MCS will be increased on

weightbearing radiographs, and the ankle should be

determined unstable. Figure 2. Initial nonweightbearing
mortise view radiograph showing an

Syndesmosis injury may be diagnosed on plain radiographs ankle with a Weber B fracture and an
increased MCS of more than 4 mm.

using measurements that include tibiofibular clear space pepartment of radiology, @stfold
(TCS), tibiofibular overlap (TFO), in addition to MCS (73). Hospital Trust.

However, plain radiographs have been described to be inaccurate, with a pooled sensitivity of
53% and a specificity of 98% compared to arthroscopy (74). If presence of a supra-syndesmotic
fibular fracture, the syndesmosis should be considered injured, and the ankle is determined
unstable (Figure 3a and 3b). If presence of a trans-syndesmotic fibular fracture, the
syndesmosis may or may not be injured. Therefore, if the ankle fracture requires surgical
treatment based on stability assessment, the decision to surgically stabilize the syndesmosis
should be based on intraoperative stress testing under fluoroscopy after the malleolar
fractures have been fixed (23). The Cotton test (the hook test) has been found to be superior
to the external rotation test due to greater increase in TCS (38, 75). However, fibular
translation in the sagittal plane may be more sensitive for detecting syndesmosis injury (76,
77). LaMothe et al. reported higher sensitivity with lateral fluoroscopy and external rotation

or sagittal stress test compared to external rotation or Cotton test with mortise view (76).

Fibular sagittal translation of more than 2 mm is considered unstable (78).
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Figure 3. Radiographs of a supra-syndesmotic fibular fracture with injured syndesmosis. 3a. Anterior view
radiograph of a patient’s leg showing a Maisonneuve fracture. 3b. Mortise view radiograph of the same patient’s
ankle showing an increased TCS and MCS (6.2 mm). Department of radiology, @stfold Hospital Trust.

A CT scan is obtained if presence of a more complex fracture or uncertainty about the fractures
on plain radiographs. Specifically, radiographs may be unreliable to diagnose PMF and assess

fragment size and type (79-81), and a CT scan is recommended (82).

The CT scan can provide supplementary information about the fracture pattern, size, and
comminution, and is useful for decision making and preoperative planning. In a prospective
study, CT scan changed the management plan in 23% of ankle fractures compared to plain
radiographs, with most changes in trimalleolar fractures (83). Bilateral CT scan may be
considered for assessment of syndesmosis injury by measuring the difference in syndesmotic

width (84, 85); however, it cannot diagnose occult instability without weightbearing.

MRI and ultrasound scan are not routinely used in the assessment of ankle fractures today.
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Surgical Treatment

The goal of treating unstable ankle fractures is to restore stability and congruity of the ankle
joint, thereby improve pain and function and reduce the risk of OA in the long term (86-88).
Only 1 mm lateral shift of the talus may decrease tibiotalar contact area by up to 42% and
increase the risk for OA (87). Several studies have demonstrated that nonsurgical treatment
of unstable ankle fractures results in a high rate of complications including loss of reduction,
malunion, and nonunion (89-91). Some studies have also reported better functional outcome
and lower incidence of OA after surgical compared to nonsurgical treatment (54, 91, 92).
Although close contact casting has demonstrated comparable results with surgical fixation in
elderly patients, the treatment is performed under general or spinal anesthesia, can be
technically demanding, require close follow-up, and may result in a high rate of malunion and
secondary procedures (93). Therefore, surgical fixation is still the recommended treatment for

unstable ankle fractures (55).
Fibula fracture

Standard surgical treatment of lateral malleolar fractures is open reduction and internal
fixation (ORIF) using plate and screws (48). A skin incision is made over the lateral malleolus.
The fracture is exposed, reduced, and temporarily stabilized with reduction forceps or
Kirschner wires (K-wires). One or 2 lag screws are placed across the fracture before a one-third
tubular plate is placed laterally as a neutralization plate. Alternatively, a posterior antiglide
plate has shown superior stability of the fixation and reduced risk of hardware irritation,
without increased risk of peroneal tendon irritation (94, 95). Locking plates are often preferred
when comminuted fractures or poor bone quality. Biomechanical studies have demonstrated
higher stability with anatomical locking plates compared to both laterally and posteriorly
placed one-third tubular plates in osteoporotic bone (96, 97). Still, no difference in clinical
outcome was reported in a systematic review (98), and the increased risk of wound
complications and higher costs with locking plates needs to be considered before deciding on

type of plate (99).

Elderly patients have a higher risk of complications; therefore, alternative fixation techniques
have been introduced (100). With the intramedullary nail fixation, a small skin incision is made

distal to the tip of the fibula (101, 102). A guide wire is inserted into the diaphyseal canal, the
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metaphysis drilled, and the diaphysis is reamed. The nail is inserted in a slightly externally
rotated position, and 1 or 2 anteroposterior (AP) cortical screws are inserted into the distal
fragment. Then, the nail is internally rotated to reduce the fracture to anatomical position
before insertion of 1 or 2 lateral cortical screws through the proximal fragment. Compared to
plate fixation, the minimally invasive approach results in less soft tissue dissection and
prominent hardware and has the potential to reduce the risk of complications. Additionally,
surgery can be done despite soft tissue swelling. Biomechanical studies have reported better
fixation with nail compared to plate fixation when presence of osteoporotic bone (103).
Prospective, high-quality studies are needed to conclude on the effect of nail fixation in the

elderly population (104).

Syndesmosis injury

Traditionally, a various number of screws with different diameter and number of cortices
engaged have been used for trans-syndesmotic fixation (105). Concerns regarding
syndesmotic malreduction, screw loosening or breakage, stiffness, and need for screw
removal with the risk of infection and recurrent diastasis have been reported (106-108). In
more recent years, suture button (SB) has been an alternative to screw fixation. This flexible
device allows for a physiologic stabilization of the syndesmosis, less syndesmotic
malreduction, and does not require routine removal (109, 110). Several studies have
compared fixation with screws and SBs, and meta-analyses have reported better outcomes
and lower rates of malreduction and implant removal with SBs (105, 111). However, large
heterogeneity with variations in fracture type, number of implants, and method of implant
fixation exists between the included studies. Wikeroy et al. found no differences in functional
score or radiological result when one 4.5 mm quadricortical screw and two 3.5 mm tricortical
screws were compared (112). However, one quadricortical screw has demonstrated inferior
functional outcome and more often loss of reduction, malreduction, and presence of OA
compared to SB (113-115). Concerns with SBs are insufficient stabilization of sagittal
translation of the fibula, compression of the syndesmosis, fracture through the SB canal,
injured saphenous vein and nerve, inadequate stabilization of fibula length, and high costs (85,
116-120). A single tricortical screw is less rigid than a quadricortical screw (116); therefore,
may obviate the need for routine removal. Additionally, a tricortical screw is an inexpensive

alternative to SB. A more rigid fixation, with a quadricortical screw or 2 tricortical screws or
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SBs, may be considered in patients with diabetes neuropathy, osteoporotic bone, or
overweight, or if presence of a Maisonneuve fracture to ensure rotational stability (23, 85,
121). Controversy exists regarding routine removal of tricortical screw and is probably
unnecessary (122). Quadricortical screws are routinely removed 6 to 12 weeks after surgery

(48, 123).

Syndesmotic reduction can be performed either manually or with a reduction clamp placed in
the anterior third of the medial tibia (124, 125). Studies have demonstrated that the position
of the foot during fixation does not impact postoperative ROM (126, 127); however, a neutral
foot position is recommended by AO surgery reference (48). A K-wire can be used for
temporarily stabilization (48). The quality of the reduction may be confirmed with true lateral
fluoroscopy with the contralateral ankle as control (128). The comparative Anteroposterior
Tibio Fibular Ratio (cAPTF) can be calculated as the absolute difference between the measured
relative position of the fibula of the injured and the contralateral ankle, which has shown to
discriminate between malreduced and well reduced syndesmosis injuries (128). The implant
should be placed 1 to 2 cm above the joint line, parallel to the tibia plafond, angled 30 degrees
from posterior to anterior (48). Open reduction through an anterolateral or lateral approach
can improve anatomic reduction (129). Sagi et al. found that 15% of the patients with open
reduction had malreduction compared to 44% of the patients with closed reduction of the

syndesmosis (130).

Posterior malleolar fractures

Traditionally, the treatment of PMFs has been based on fragment size, measured on lateral
radiographs as the fragment length in relation to the AP distance of the tibia. A fragment size
larger than 25% to 33% has been recommended for surgical fixation (131); however, studies
have failed to find a correlation between fragment size and outcome (132-134). More recent
studies have suggested to fix PMFs to reduce intraarticular step (132-135), or to restore the
tension of the PITFL, thereby restore syndesmotic stability and fibula alighnment (136, 137).
Several studies have reported a reduced need for syndesmotic fixation after the posterior
malleolus has been fixed (138-140), and improved functional outcome has been found after
posterior malleolar fixation compared to no fixation or syndesmotic fixation (141, 142). A

recent study by Blom et al. retrospectively reviewed CT scans of surgically treated PMFs and
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evaluated the outcome in relation to the Haraguchi classification (143). They reported worse
functional outcome after Haraguchi type 2 fractures compared to Haraguchi type 1 and 3
fractures. Additionally, they found that for Haraguchi type 1 fractures, intraarticular step-off
was an independent predictor of outcome, and for Haraguchi type 3 fractures, quality of
syndesmotic reduction was an independent predictor. No independent predictor of outcome
was found for Haraguchi type 2 fractures. They concluded that fracture morphology should

guide the treatment of PMFs.

Indirect fragment fixation with AP screws or direct fixation with posteroanterior (PA) screws
or plate through the posterolateral or posteromedial approach are all alternative techniques
for fixation of the posterior malleolar fragment (48, 144). Indirect fixation results in high risk
of malreduction and poor fragment compression (145, 146); therefore, this technique should
be limited to large fragments without impaction or intercalary fragments (144). Direct fixation
through the posterolateral approach allows for direct visualization of the fracture and is
suitable for small fragments, intercalary fragments, or comminution (144). However, the sural
nerve is at risk of being injured with this approach (147). The posteromedial approach may be
preferred if medial extension of the PMF (144). Both PA screws and plate fixation have shown

acceptable results (148).

Postoperative Treatment

Early postoperative weightbearing has shown to improve early ankle ROM, functional
outcome, and return to preinjury activities with no increase in complication rate, even though
concerns with wound complications, construct failure, and union have been reported (149-
151). Still, a recent systematic review reported an increased risk of postoperative
complications with early ROM, specifically superficial wound complications (152). AO surgery
reference recommend a short period with splint and ankle elevation before ROM and partial
weightbearing (48). Progressive weightbearing can be commenced as tolerated. In elderly
patients, poor bone quality may prevent stable fixation and comorbidities may increase the
risk of construct failure (153). Therefore, nonweightbearing may be prolonged in these

patients.
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If presence of syndesmosis injury, partial weightbearing (20-30 kg) is recommended until the
positioning screw has been removed (at 8-10 weeks) due to the risk of early screw breakage
or loosening with subsequent recurrent diastasis (48). A stable PMF fixation allows for early
postoperative ROM and weightbearing as tolerated (48). In a biomechanical study, no
difference in fragment displacement or construct failure was found between fixed and

nonfixed PMF after simulating 5 weeks of weightbearing (154).

Complications

Complications after surgically treated ankle fracture have an overall incidence of 1% to 40%
(155-157), and a higher risk is seen in some patient groups. Patients with advanced age have
increased risk of complications due to presence of compromised soft tissues, osteoporotic
bone, and comorbidities (158, 159). A complication rate as high as 40% has been reported in
elderly patients compared to 11% in younger patients (158). Accordingly, individual evaluation

of each patient preoperatively is necessary before deciding on method of treatment.

Wound complications

Wound complications range from delayed wound healing, skin necrosis, and wound
dehiscence to superficial and deep infection, and are the most reported complications after
surgically treated ankle fracture (160). The incidence of infection ranges from 1% to 8% (90,
157, 161), with even higher rates in elderly, diabetics, and smokers (159, 162, 163). Also,
obesity, alcohol overuse, atherosclerotic disease, peripheral neuropathy, wound-
compromising medications, noncompliance, open fracture, trimalleolar fracture, and delayed
surgery have been reported to significantly increase the risk of wound complications (157,
164-167). Plate fixation of the lateral malleolus requires a large skin incision and excessive soft
tissue dissection of the skin that surrounds the distal fibula, and the prominent hardware after
lateral positioning of the plate may result in wound dehiscence and subsequent infection
(168). Superficial infections can be treated with wound care and oral antibiotics, while deep
infections can be devastating and result in serious consequences including disabilities,

amputation, and death (157, 160, 169).

Construct failure
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Fracture comminution, osteoporotic bone, and poor surgical technique may predispose to
malreduction or loss of reduction which may result in malunion (160, 170, 171). Furthermore,
diabetic, noncompliant, and obese patients have an increased risk of loss of reduction due to
premature weightbearing and high load (160, 172, 173). Malunion may result in altered
biomechanics, instability, and changed load distribution with persistent pain, swelling,
stiffness, and limited ankle function, and can progress to deterioration of articular cartilage
and posttraumatic OA (174, 175). Adequate reduction of the syndesmosis is difficult, and the
incidence of syndesmotic malreduction in the literature is 22% to 52% (106, 176, 177).
Syndesmotic malreduction is associated with OA and reduced functional outcome (106, 178-
180), and is the most common indication for early reoperation after ankle fracture surgery
(181). Also, shortening or malrotation of the fibula results in increased contact pressure of the

ankle joint and risk of OA (174, 182).

Symptomatic hardware

Hardware removal is frequently reported after ankle fracture surgery, ranging from 13% to
36% (183-186). Naumann et al. reported that 17% of patients treated for unstable ankle
fracture required hardware removal (185). Of these, 84% were due to complaints and 16%
due to infection. Male sex, higher age, shorter duration of surgery, and syndesmotic screws
were associated with lower risk of removal due to complaints. Improvement of functional
outcome has been reported after implant removal, suggesting a value in patients with

symptomatic hardware during daily activities (187).

After hardware removal, a complication rate of 14% has been reported (188). After
syndesmotic screw removal, infection has been reported in 5% to 9% and recurrent diastasis

in 7% of the patients (108, 189).
Osteoarthritis

About 70% of patients with ankle OA have had a previous ankle injury (190). Of these, 37% to
53% have had a rotational ankle fracture (190, 191). Furthermore, 28% to 36% of patients with
surgically treated ankle fracture have demonstrated advanced radiographic OA at minimum 5
years follow-up (192, 193). A recent study reported that obesity, fracture-dislocation injury,

large PMF, and postoperative articular incongruence were risk factors for posttraumatic OA
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after surgical treatment (192). The acute injury and the posttraumatic residual incongruity and
instability may lead to changes in the articular cartilage, bone, and soft tissues, and
subsequently development of OA (175). Common symptoms of ankle OA are pain and
stiffness, and the treatment of end stage OA is ankle arthrodesis or total ankle arthroplasty

(194).
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THESIS AIMS

The overall goal of this doctoral thesis was to investigate different surgical methods for

treatment of acute unstable ankle fractures. This included:

Paper |
e To compare functional and radiological outcomes after nail and plate fixation of acute
unstable AO/OTA type 44-B ankle fractures in elderly patients.
e To assess if nail fixation results in a reduced complication rate compared to plate

fixation.

Paper i
e To compare functional and radiological outcomes after stabilization of acute AO/OTA
type 44-C ankle fractures with SB and tricortical screw.

e To determine if tricortical screw fixation is an equal or better alternative to SB.

Paper il
e To determine if PMF fixation with screws can restore tibiofibular and ankle joint
kinematics better than trans-syndesmotic SBs in acute ankle injuries with PMF and an
unstable syndesmosis.
e To determine if AITFL augmentation using ST can improve tibiofibular and ankle joint
kinematics compared to PMF and trans-syndesmotic fixation alone.

e To assess if fragment size has an impact on the preferred method of fixation.
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MATERIALS AND METHODS

Paper |
Patients

In this randomized controlled trial (RCT), elderly patients with an acute unstable ankle fracture
admitted to @stfold Hospital Trust, Kalnes; Vestre Viken Hospital Trust, Baerum; or Oslo
University Hospital, Ulleval from June 2016 to June 2019 were considered for study inclusion.
Inclusion criteria were patients 60 years or older with an acute and displaced unstable ankle
fracture classified as AO/OTA type 44-B, amenable to operative fixation with both nail and
plate within 3 weeks of injury. The ankle was determined unstable on plain radiographs when
presence of a MCS of more than 4 mm, talar tilt of more than 2 mm, shortening of the fibula,
or tibiofibular clear space of more than 5 mm. If in doubt, an increased MCS of 4 mm or more
on gravity test confirmed ankle instability. The patients were included in the study in the
emergency department by the orthopaedic resident on call or at the orthopaedic ward. In
total, 108 patients were included (@stfold Hospital Trust: 87, Vestre Viken Hospital Trust: 12,
Oslo University Hospital: 9). A web-based system for randomization was used, provided by
Unit for Applied Clinical Research (Faculty of Medicine, Norwegian University of Science and
Technology, Trondheim, Norway). The patients were randomized to either nail or plate

fixation of the lateral malleolar fracture (Figure 4).

Intervention and comparison

Surgery was performed by the surgeons on call, either by a less experienced resident and an
experienced resident / consultant, an experienced resident, or a consultant. All patients
received preoperative prophylactic antibiotics as per hospital routines with either Cefalotin,
Cefazolin, or Clindamycin. Postoperative thromboprophylactic treatment with Dalteparin was
given as per hospital routines or as decided by the surgeon. After surgery, the patients
received a short leg-splint for up to 14 days. After removal of the splint, all patients were
allowed partial weightbearing until 6 weeks postoperatively and full weightbearing after 6

weeks.

Patients randomized to nail fixation were treated with the Acumed Fibular nail (Acumed Fibula

Rod System, Acumed, Hillsboro, Oregon, USA) (Figure 5a) (101). The fracture was preferably
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[ Enroliment ] Assessed for eligibility

(n=3570)

Excluded (n=3450)

+ Not meeting inclusion criteria (n=3252)
» «+ Meeting exclusion criteria (n=101)

+ Declined to participate (n=8)

+ Other reasons (n=89)

Randomized (n=120)

A 4

v | Allocation ) A4

LS

Allocated to nail fixation (n=59) Allocated to plate fixation (n=61)

+ Received nail fixation (n=50) + Received plate fixation (n=56)

+ Did not receive nail fixation (n=1) + Did not receive plate fixation (n=1)
- Received plate fixation due to an iatrogenic - Received nail fixation due to an administrative
fracture of the fibula (n=1) mistake (n=1)

+ Excluded (n=8) + Excluded (n=4)
- The fracture was considered stable (n=1) - The fracture was considered stable (n=1)
- Presence of a PMF that needed fixation (n=5) - Presence of a PMF that needed fixation (n=1)
- External fixation was final treatment (n=1) - Nail fixation was considered unacceptable
- Pilon fracture (n=1) (n=1)

- Withdrawal of consent before surgery (n=1)

Follow-Up ) y
6 weeks (n=51) 6 weeks (n=56)
+ Lost to follow-up (n=0) + Lost to follow-up (n=1)
6 months (n=50) - Cognitive failure (n=1)
+ Lost to follow-up (n=1) 6 months (n=56)
- Patient did not want to continue (n=1) + Lost to follow-up (n=0)
1 year (n=47) 1 year (n=54)
« Lost to follow-up (n=3) « Lost to follow-up (n=2)
- Patient did not want to continue (n=2) - Patient did not want to continue (n=2)
- Cognitive failure (n=1) 2 years (n=48)
2 years (n=39) + Lost to follow-up (n=6)
+ Lost to follow-up (n=8) - Dead (n=3)
- Dead (n=2) - Patient did not want to continue (n=3)

- Patient did not want to continue (n=5)
- Missed to follow-up (n=1)

: [ Analysis ) :

Analyzed at 2 years (n=39) Analyzed at 2 years (n=48)

Figure 4. Consort Flow Diagram of the inclusion and follow-up process of patients treated with nail or plate
fixation. Figure by Stake et al., The Bone & Joint Journal 2023 (195).

reduced with a closed technique. If acceptable reduction was not achieved, a percutaneous
or open technique using forceps was performed. With this technique, the syndesmosis is
stabilized regardless of syndesmosis injury. A medial malleolar fracture was treated according

to the surgeon’s preference.

Patients randomized to plate fixation were treated with a one-third tubular neutralization
plate with or without lag screw (DePuy Synthes, West Chester, PA, USA) (Figure 5b) or a locking
plate (Lateral Compression Plate (LCP) Distal Fibula Plate, DePuy Synthes, West Chester, PA,
USA or Variax distal fibula plate, Stryker, Kalamazoo, MI, USA) placed laterally onto the fibula

(48). When the bone quality and the fracture allowed for it, 1 or 2 lag screws were placed
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across the fracture before the neutralization plate was placed laterally. In cases with poor
bone quality, a locking plate was utilized. A medial malleolar fracture or a syndesmosis injury

was treated according to the surgeon’s preference.

v
s ¥

Figure 5. Radiographs of the two fixations for AO/OTA type 44-B ankle fractures. 5a. Mortise view radiograph of
AO/OTA type 44-B ankle fracture treated with Acumed fibular nail. 5b. Mortise view radiograph of AO/OTA type
44-B ankle fracture treated with a one-third tubular neutralization plate with lag screw. Department of radiology,
@stfold Hospital Trust.

Outcomes

The primary outcome measure was the American Orthopaedic Foot and Ankle Society (AOFAS)
Ankle-Hindfoot Scale. Secondary outcome measures included Manchester-Oxford Foot
Questionnaire (MOxFQ), Olerud and Molander Ankle (OMA) Scale, EuroQol-5d (Eq5d) index
and visual analogue scale (VAS), VAS scores for pain, complications, fracture reduction,

radiographic nonunion, and ankle OA.

The patients met for follow-ups at 6 weeks and 6, 12, and 24 months after surgery. At 6 weeks,
Eq5d index and VAS was completed. At 6, 12, and 24 months, all patient-reported outcome
measures (PROMs) were completed, including AOFAS Ankle-Hindfoot Scale, MOxFQ, OMA
Scale, Eq5d index and VAS, and VAS scores for pain. Additionally, Eq5d index and VAS was

completed preoperatively. Plain radiographs were obtained postoperatively, at 6 weeks, and
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at 6 months, and bilateral CT scans were obtained postoperatively and at 12 and 24 months
after surgery. The CT scans were obtained standardized with the feet placed in a custom-made
box that positioned the ankles in neutral dorsi-/plantarflexion and 20 degrees internal

rotation.
American Orthopaedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot Scale

The AOFAS Ankle-Hindfoot Scale is frequently reported after ankle fractures and is a foot and
ankle-specific PROM that includes both subjective and objective questions (196, 197). It
consists of the subscales pain, function, and alignment that are summarized to a score on a
100-point scale, where 100 is the best (198). The scale has been criticized for not to entirely
reflect the patient outcome (199), being clinician-dependent with interobserver variability
(200), and producing skewed data with ceiling effect (201). The Dutch language version was

recently validated for ankle fractures (201).
Manchester-Oxford Foot Questionnaire (MOxFQ)

MOxFQ is a foot and ankle-specific PROM that includes 16 questions on the domains
walking/standing, pain, and social interactions (202). Each question is scored from 0 to 4. The
summarized score of maximum 64 is converted to a metric index from 0 to 100 where O is the

best (203). MOxFQ has not been validated for ankle fractures (204).
Olerud and Molander Ankle (OMA) Scale

OMA is an ankle fracture-specific PROM that comprises 9 items regarding symptoms, function,
and daily activities (205). The total score is between 0 to 100 where higher score is better. The
Norwegian version was recently validated for ankle fractures and has demonstrated test-

retest reliability (206).
EuroQol-5d-3L (Eq5d-3L) index and visual analogue scale (VAS)

Eq5d is a validated general outcome measure and consists of the Eq5d self-classifier and the
Eg5d VAS (207). The Eg5d descriptive part comprises the 5 dimensions mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression, with 3 levels (3L) of response for
each dimension (1 = no problems, 2 = some problems, 3 = extreme problems). The response

from the 5 dimensions is combined to a 5-digit number that is converted into a summary index
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that can range from less than 0 (0 is equivalent to death) to 1 (perfect health), where higher
score is consistent with higher health utility. For the Eg5d VAS, the patient marks on a scale
from O (worst imaginable health state) to 100 (best imaginable health state) to indicate their

health state today. Eq5d is available in Norwegian.
VAS scores for pain

For the VAS scores for pain, the patient marks on scales from 0 (best) to 10 (worst) the pain
experienced during rest, during walking, at nights, and during daily activities. Additionally, the

patient ticks off if the pain is caused by the ankle injury or not.
Complications

Complications related to the ankle fracture surgery included wound complications,
symptomatic hardware, construct failure, nonunion, and neurologic complications. Wound
complications included superficial infection, that was treated with oral antibiotics only, and
deep infection, which required treatment with revision surgery in addition to intravenous
antibiotics (99). Symptomatic hardware was defined as requiring removal of hardware due to
local irritation or pain. Construct failure included failure of obtaining or maintaining reduction
or fixation during the surgical procedure or at follow-up. If presence of pain and no signs of
fracture healing on radiographs at 6 months or more postoperatively, this was classified as
symptomatic nonunion (160). Neurologic complications included nerve injury or complex
regional pain syndrome. In addition to the complications related to the ankle fracture surgery,
thromboembolic events were recorded including deep vein thrombosis, pulmonary embolism,

and cerebral venous thrombosis.
Fracture reduction

Fracture reduction was evaluated on postoperative CT scans and classified as good, fair, or

poor reduction according to the criteria reported by McLennan et al. (208).
Radiographic nonunion

Radiographic nonunion was defined as no signs of fracture healing at 6 months or later after

surgery (160).

Ankle osteoarthritis
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OA was graded on postoperative and follow-up CT scans as no, mild, moderate, and severe
OA according to the classification by Cohen et al. (209). This classification was published with
a CT atlas and demonstrated high inter- and intraobserver reproducibility. Additionally, we
defined advanced OA as presence of moderate or severe OA, or the requirement for ankle

arthrodesis.
Statistical analysis

A priori sample size calculation was conducted. The minimally clinically important difference
(MCID) of AOFAS for ankle fractures is not known (210); however, previous studies have
suggested that half of the standard deviation (SD) can be used as an estimate for the MCID
(211). Based on the SD of two previous studies, half of the SD was 6 (112, 113). We decided to
use a MCID of 10 to also ensure a clinically significant difference. In total, 38 patients had to
be included in each group to reach a power of 95% and a significance level of 5%. A total of

120 patients were included to account for loss to follow-up.

Categorical data were analyzed with chi-squared test (all cells 5 or more or contingency table
larger than 2x2) or Fisher’s exact test (one or more cells less than 5). Continuous data were
analyzed with independent-samples t-test (normally distributed data) or Mann-Whitney U
test (non-normally distributed data). Both intention-to-treat and as-treated analyses were

performed. P = 0.05 was set as significance level.

Paper i
Patients

In this RCT, patients aged 18 to 69 years with an acute ankle fracture classified as AO/OTA
type 44-C, admitted to @stfold Hospital Trust, Kalnes; Vestre Viken Hospital Trust, Baerum; or
Oslo University Hospital, Ulleval from January 2016 to September 2017 were considered for
study inclusion. Exclusion criteria were polytrauma, open fracture, previous fracture or OA of
the same ankle, neurologic impairment of the lower limbs, or inability to consent. The patients
were randomized using the same web-based system as in Paper | (Unit for Applied Clinical
Research, Faculty of Medicine, Norwegian University of Science and Technology, Trondheim,

Norway). In total, 113 patients were included (Oslo University Hospital: 54, Vestre Viken
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[ Enrollment ]

Hospital Trust: 34, @stfold Hospital Trust: 25). The patients were randomized to fixation of the

syndesmosis with either one SB or one tricortical screw (Figure 6).

Assessed for eligibility
(n=902)

Excluded (n=789)

+ Not AO/OTA type 44-C fracture (n=597)

Y

+ Not meeting inclusion criteria (n=172)
+ Declined to participate (n=7)

Randomized (n=113)

+ Other reasons (n=13)

y

Allocated to suture button (n=58)
+ Received suture button (n=55)
+ Did not receive suture button (n=3)
- No syndesmotic fixation (n=2)
- Received syndesmotic screw (n=1)

Y

y
L Allocation |

Allocated to syndesmotic screw (n=55)
+ Received syndesmotic screw (n=53)
+ Did not receive syndesmotic screw (n=2)

- Received suture button (n=1)
- Received 2 syndesmotic screws (n=1)

Follow-Up

Lost to follow-up (n=0)

Did not attend:
+ 6 months (n=3)
+ 1 year (n=4)

8 J

Did

Lost to follow-up (n=1)

not attend:

+ 6 months (n=1)
+ 1year (n=3)

- Deceased (n=1)

- Did not attend (n=2)
+ 2 years (n=8)

- Deceased (n=2)

- Did not attend (n=6)

+ 2 years (n=10)

Incomplete data sets:
+ 6 months (n=0)
+ 1 year (n=1)
- Patient missing CT scan (n=1)
+ 2 years (n=2)
- Patient missing CT scan (n=2)

Incomplete data sets:
+ 6 months (n=0)
+ 1 year (n=2)
- Patient missing CT scan (n=2)
+ 2 years (n=2)
- Patient missing CT scan (n=2)

Analysis !

LS J
Analyzed at 2 years (n=47)
+ Excluded from analysis (n=0)

Analyzed at 2 years (n=48)
+ Excluded from analysis (n=0)

Figure 6. Consort Flow Diagram of the inclusion and follow-up process of patients treated with suture button or
tricortical screw fixation. Figure by Raeder et al., Acta Orthopaedica 2020 (212), modified.

Intervention and comparison

Surgery was performed by the surgeons on call, and preoperative prophylactic antibiotics
were given as per hospital routines. Fractures of the malleoli were treated with ORIF before
the syndesmosis was reduced and stabilized (48). Reduction was performed closed, guided by
fluoroscopy, with the use of a reduction clamp or K-wire if preferred by the surgeon. Patients

randomized to tricortical screw were treated with a single, fully threaded, self-tapping 3.5 mm
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tricortical screw (DePuy Synthes, Warsaw, Indiana, USA) (Figure 7a). A 2.5 mm canal was
drilled just proximal to the tibiofibular joint, with the ankle in neutral position, before the
screw was placed. The screw was not routinely removed. Patients randomized to SB were
treated with a single ZipTight™ (Zimmer Biomet, Warsaw, Indiana, USA) (Figure 7b). A
guidewire was inserted just proximal to the tibiofibular joint before a 3.2 mm canal was drilled.
The ZipTight™ was inserted with the use of the attached needle guide and pull-through
sutures. The button was flipped at the medial cortex and the sutures were tightened until the
button at the lateral cortex had a firm fit. Postoperative weightbearing was decided by the
surgeon. All patients were allowed partial weightbearing from 2 to 6 weeks postoperatively
and full weightbearing after 6 weeks. A splint and thromboprophylactic treatment were not

routinely used postoperatively.

Figure 7. Radiographs of the two fixations for AO/OTA type 44-C ankle fractures. 7a. Mortise view radiograph of
AO/OTA type 44-C ankle fracture treated with tricortical screw. 7b. Mortise view radiograph of AO/OTA type 44-

C ankle fracture treated with a SB. Department of radiology, @stfold Hospital Trust.

Outcomes

The primary outcome measure was the AOFAS Ankle-Hindfoot Scale. Secondary outcome
measures included MOxFQ, OMA Scale, Eq5d index and VAS, VAS scores for pain (during rest,
during walking, at nights, and during daily activities), ROM, tibiofibular distance, ankle OA, and

tibiofibular synostosis.
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The patients met for follow-ups at 6 weeks and 6, 12, and 24 months after surgery. AOFAS
Ankle-Hindfoot Scale, MOxFQ, Eq5d index and VAS, and VAS scores for pain were completed
at all follow-ups. Additionally, OMA Scale was completed at 12 and 24 months. Plain
radiographs were obtained postoperatively, at 6 weeks, and at 6 months, and bilateral CT
scans were obtained postoperatively and at 12 and 24 months after surgery. The CT scans

were obtained standardized as in Paper I.
Ankle range of motion

The injured foot was placed on a 25 cm high benchlet and the angle between the lateral
margin of the foot and the longitudinal axis of the fibula was measured with a goniometer.
Active dorsiflexion was measured when the ankle was loaded and dorsiflexed while the heel
was still in contact with the benchlet (Figure 8a) (213). Active plantarflexion was measured
when the ankle was plantarflexed while the first metatarsophalangeal joint remained in
contact with the benchlet (Figure 8b). The result was compared to the contralateral ankle. The
measurements were conducted unblinded at 6 weeks and 6 months, and by a physiotherapist

that was blinded to the treatment allocation at 12- and 24-months follow-ups.

Figure 8. Ankle range of motion ad modum Lindsj6. 8a. Measurement of active dorsiflexion when loaded ankle.
8b. Measurement of active plantarflexion when the 1. Metatarsophalangeal joint remained in contact with the
benchlet. Photos by LBW Raeder, thesis, University of Oslo 2021 (214). Reprinted with permission.
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Tibiofibular distance

The tibiofibular distance was measured on postoperative and
follow-up CT scans, at 1 cm proximal to the midpoint of the
tibial plafond, at the anterior, central, and posterior portion of
the joint (Figure 9). A difference of less than 2 mm between the
injured and uninjured ankle was defined as acceptable
syndesmotic reduction (106). The measurements were

obtained by a senior musculoskeletal radiologist and an

orthopaedic surgeon.

Figure 9. Axial CT scan of a left
ankle at 1 cm proximal to the

Ankle osteoarthritis midpoint of the tibial plafond. The

tibiofibular distance was
Presence of ankle OA was classified on CT scans according to the measured anteriorly (a), centrally
(b), and posteriorly  (c).
Department of radiology, @stfold
not ankle specific, but is widely used to describe ankle OA (179), Hospital Trust.

Kellgren-Lawrence grading system (215). This grading system is

and has been validated for assessment of ankle OA on weightbearing plain radiographs (216).
The severity is based on the presence of osteophytes, joint space narrowing, and subchondral
sclerosis. Furthermore, Kellgren-Lawrence grade 1 and 2 were defined as mild OA and

Kellgren-Lawrence grade 3 and 4 as advanced OA.

Tibiofibular synostosis

Presence of tibiofibular synostosis was assessed on CT scans at 24 months follow-up and
classified as no calcifications, calcifications present, or synostosis. Synostosis was defined as

complete ossification connecting the tibia to the fibula.

Statistical analysis

Like paper |1, a priori sample size calculation was conducted with AOFAS score as the outcome
measure. With MCID of 10, power of 95%, and significance level of 5%, 38 patients had to be

included in each group. We included 120 patients to account for loss to follow-up.

Fishers exact test was used to compare categorical data. Normally distributed data were

compared with independent-samples t-test, and non-normally distributed data were
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compared with Mann-Whitney U test. Both intention-to-treat and as-treated analyses were

performed. P = 0.05 was set as significance level.

Paper il

Specimens

In this biomechanical study, 20 cadaveric lower leg specimens were included. A custom-made
3D printed cutting guide was used to create standardized PMFs (Figure 10a and 10b). The
PMFs involved either 25% or 50% of the AP distance of the tibia at the level of the tibial plafond
(Figure 11). Additionally, the distal 5 cm of the syndesmosis was cut to create syndesmotic
instability. This injury simulated a Weber C fracture with syndesmosis injury. The fibula and
medial side of the ankle was left intact to simulate perfectly fixed fracture and ideally ligament

repair, respectively.

Figure 10. The custom-made 3D printed cutting guide fixed to a cadaveric lower leg specimen to create
standardized PMFs. 10a. Anterior view. 10b. Posterior superior view. Photos by IK Stake.

Figure 11. Posterior view of a specimen after creation
of a 25% PMF. The black arrows demonstrate the
fracture line. Photo by IK Stake.
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Intervention and comparison

The ankle injury was treated as demonstrated in Figure 12; thereby, all specimens had fixation

with all the various combinations of surgical techniques.

State 1
Syndesmosis injury with Syndesmosis injury with
State 2 PMF (FLR 25%) PMF (FLR 50%)
(n=10) (n=10)
Posterior malleolar Trans-syndesmotic Posterior malleolar Trans-syndesmotic
State 3 fixation with screws fixation with SBs fixation with screws fixation with SBs
(n=5) (n=5) (n=5) (n=5)
AITFL augmentation AITFL augmentation AITFL augmentation AITFL augmentation
State 4 with ST with ST with ST with ST
(n=5) (n=5) (n=5) (n=5)
Trans-syndesmotic Posterior malleolar Trans-syndesmotic Posterior malleolar
State 5 fixation with SBs fixation with screws fixation with SBs fixation with screws
(n=5) (n=5) (n=5) (n=5)
State 6 Removal of screws Removal of SBs Removal of screws Removal of SBs
(n=5) (n=5) (n=5) (n=5)
State 7

Figure 12. The flowchart demonstrates the steps that were made to achieve the 7 test states.

The posterior malleolar fragment was reduced and temporarily fixed using two 1.6 mm K-
wires inserted from posterior to anterior, perpendicular to the fracture plane (48). The screw
holes were drilled with a 2.6 mm cannulated drill bit and the K-wires were removed. The
fragment was finally stabilized with 2 partially threaded 4.0 mm cannulated screws inserted

form posterior to anterior (Figure 13a).

Trans-syndesmotic fixation with 2 SBs (TightRope®, Arthrex Inc., Naples, FL, USA) was
performed using a goniometer for verification. The first SB tunnel was drilled parallel and 2
cm proximal to the tibial plafond, at 30 degrees angle anteriorly to the coronal plane. The
second SB tunnel was drilled 1 cm proximal to the first, at 15 degrees angle posteriorly to the
first tunnel. The syndesmosis was manually reduced before the SBs were inserted and

appropriately tensioned (Figure 13b).
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The two surgical techniques were also compared with AITFL augmentation using suture tape
(ST) (InternalBrace™, Arthrex Inc., Naples, FL, USA). The first anchor hole was drilled at
Chaput’s tubercle, angled slightly cephalad and medially. The second anchor hole was drilled
as a tunnel through the fibula, at the Wagstaffe’s tubercle, horizontally and parallel to the long
axis of the fibula. The holes were tapped before insertion of 4.75-mm and 3.5 mm suture

anchors (Swivelock®, Arthrex Inc., Naples, FL, USA) loaded with ST (FiberTape®, Arthrex Inc.,

Naples, FL, USA) (Figure 13c).

Figure 13. The figures demonstrate the different
methods of fixations, highlighted with black circles. 13a.
PMF fixation with 2 PA screws. 13b. Trans-syndesmotic
fixation with 2 SBs. 13c. AITFL augmentation using ST.
Photos by IK Stake.

Outcomes

3D-printed reflective marker clusters were drilled into the fibula, tibia, and talus, and the
relationship between the marker clusters was continuously recorded using a system of 5
Miqus motion capture cameras (Qualysis AB, Géteborg, Sweden). The specimens were tested
in 7 states using a 6-degrees of freedom robotic arm: 1) Intact, 2) syndesmosis injury with
PMF, 3) trans-syndesmotic SBs, 4) trans-syndesmotic SBs + AITFL augmentation, 5) trans-

syndesmotic SBs + AITFL augmentation + posterior malleolar screws, 6) posterior malleolar
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screws + AITFL augmentation, 7) posterior malleolar screws. The tests included external
rotation, internal rotation, posterior drawer, and lateral drawer, at both neutral and 30
degrees of plantarflexed position of the foot. Sagittal translation, rotation, and coronal
translation of the fibula in relation to the tibia were recorded. Additionally, talar motion in

relation to the tibia was recorded.
Statistical analysis

A priori sample size calculation was conducted. An effect size of Cohen’s d = 1.0 is comparable
to effect sizes reported in previous biomechanical literature (116, 217). With an effect size of
1.0, statistical power of 80%, and significance level of 0.05, 10 specimens had to be included.
We included 20 specimens, with 10 specimens with 25% PMF and 10 specimens with 50%
PMF.

Separate random-intercepts linear mixed-effects models were used to compare the 7 states.
This was done for each combination of PMF size, biomechanical test, and measurement type.
The final model had the smallest Bayesian Information Criterion and acceptable residual
diagnostics. The data were reported as estimated marginal means. Tukey’s method was used

to make all pairwise comparisons. P = 0.05 was set as significance level.
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RESULTS

Paper |

At 6 months follow-up, statistically significantly better median AOFAS and MOXxFQ score was

found in the plate group (AOFAS: nail: 83 (IQR: 71-95), plate: 90 (IQR: 82-97), p = .023; MOxFQ:

nail: 14 (IQR: 5-41), plate: 9 (IQR: 3-23), p = .046); however, this difference was not clinically

significant (Figure 14a and 14b). At 12- and 24-months follow-up, no difference in median

AOFAS score was found statistically (p =.112, p = .478, respectively), and at 24 months, the

fixations were equivalent since the 95% Cl of the mean was within the equivalence margins

(Figure 15). Similarly, no significant difference was found in median MOxFQ or OMA score at

24 months follow-up (p =.392, p =.134, respectively).

AOFAS score

6 months 12 months

Follow-up

Fixation

100 -
I I W Nail
= | Eriate
e
‘ .
®

24 months

MOxFQ score

by

6 months

3ot Fixation
ENail
254 Erate

12 months 24 months

Follow-up

Figure 14. Boxplots of AOFAS and MOxFQ score after nail and plate fixation of AO/OTA type 44-B ankle fractures.
14a. Boxplot of AOFAS score at 6-, 12-, and 24-months follow-up. 14b. Boxplot of MOxFQ score at 6-, 12-, and
24-months follow-up. The boxes represent the scores within the IQR and the black line represent the median

score. The whiskers represent the outliers within 1.5 times the IQR, and the dots represent the extreme outliers.

< Plate better Nail better —
6 months 4 o ——
1 year- —#
2 years - H—i|
-20 -10 0 10 20

p=0.014

p =0.056

p=0.418

Figure 15. Equivalence diagram of the
AOFAS score showing the mean
differences between the groups. Error
bars indicate 95% Cl of the mean. The
blue area indicates the margins of
equivalence defined as a difference of
plus/minus ten points. At 6 months,
plate fixation was statistically better as
the entire 95% Cl of the mean lies to
the left of zero. At one year, there was
no statistical difference and no
equivalence. At 2 years, there is no

statistical difference, and the treatments were equivalent as the entire 95% Cl of the mean lies within the blue
area. Figure by Stake et al., The Bone & Joint Journal 2023 (195).
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Interestingly, a higher number of lateral-sided complications was seen after nail compared to
plate fixation, with 14 (27%) complications in the nail and 6 (11%) complications in the plate
group (p = .024). The number of construct failures was also significantly different (p = .047).
Furthermore, a higher number of secondary surgical procedures was seen in the nail group
(nail: 12 (24%), plate: 4 (7%), p = .028). No significant difference was found in presence of
advanced OA at 24 months follow-up (p = .973).

Paper i

At 24 months follow-up, median AOFAS score after both SB and tricortical screw fixation was
97 (IQR SB: 87-100, IQR tricortical screw: 90-100, p = .7) (Figure 16). When comparing the
groups, the results were equivalent with a difference in mean AOFAS score of less than 2 and
the 95% CI of the mean within the equivalence margins at all follow-ups (Figure 17). The
difference in median MOxFQ and OMA score were also not statistically significant (p = .2 for

both comparisons). The ankle ROM was similar between the groups.

100 ﬁ Figure 16. Boxplot of AOFAS score at 6-, 12-, and
. 24-months after SB and tricortical screw fixation.
& . The boxes represent the scores within the IQR and
§ 60 Bl SS the black line represent the median score. The
g [ I SB whiskers represent the minimum and maximum
? “ recorded score. SS = tricortical screw, SB = suture
20- button. Figure by LBW Raeder, thesis, University of
[ Oslo 2021 (214). Reprinted with permission.
0 6 Weeks 6Months 1 Year 2 Years
P=0.685 P=0.982 P=0.464 P=0.708
P R—— i Biilon otk < Figure 17. Equivalence diagram of the
E AOFAS score showing the mean
S wasks- : < |' p =0.685 differences between the groups. Error
bars indicate 95% Cl of the mean. The
rp— : . : p =0.982 blue area indicates the margins of
i equivalence defined as a difference of
i plus/minus ten points. Results at all
1 year - |-_‘ p =0.464 follow-ups are equivalent as the entire
i 95% Cl of the mean lies within the blue
2 years - I L 2 | p=0.708 area. Figure by LBW Rader, thesis,
* — University of Oslo 2021 (214).

Reprinted with permission.
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At 24 months, the mean difference in tibiofibular distance was 1 mm or less at the anterior,
central, and posterior portion of the joint in both groups. Additionally, the groups had similar
rates of malreduction, with 19 (35%) patients in the SB group and 16 (29%) patients in the
tricortical screw group with a difference in anterior tibiofibular distance of 2 mm or more (RR
1.2, C10.7-2.1). Radiological signs of ankle OA were seen in 30 patients in the SB group and 27
patients in the tricortical screw group, which was not statistically different (RR 1.1, C1 0.7-1.7).
Eight patients in the SB group and 1 patient in the tricortical screw group had advanced OA
(RR 8, CI 1-60).

Interestingly, 2 patients suffered a low-energy fracture of the tibia through the SB canal during
the follow-up period. Both these patients were females that were diagnosed with
osteoporosis on dual energy X-ray absorptiometry. Five patients in the tricortical screw group
had tibiofibular synostosis. There was no difference in the number of complications or

reoperations between the two groups.

Paper il

External rotation test: All states with ST significantly reduced posterior translation of the fibula
towards normal and were not significantly different from the intact state (screws + ST: 1.3
mm, p = .446; SBs + ST: 1.6 mm, p =.159; screws + ST + SBs: 0.9 mm, p = .817). Furthermore,
screws + ST and screws + ST + SBs significantly reduced external rotation of the fibula and talus
towards normal and were not significantly different from the intact state (screws + ST: 1.2
degrees, p = .407; screws + ST + SBs: 1.7 degrees, p = .096) (Figure 18a). Comparable results
were found with neutral and 30 degrees of plantarflexed foot position, and with 25% and 50%

PMFs.

Internal rotation test: All states with screws were significantly different from the injured state
and comparable to the intact state with anterior translation of the fibula (screws only: 0.1 mm,
p =.996; screws + ST: 0.0 mm, p =1.000; screws + ST + SBs: 0.0 mm, p =1.000), internal rotation
of the fibula (screws only: 0.3 degrees, p = .725; screws + ST: 0.4 degrees, p = .655; screws +
ST + SBs: 0.7 degrees, p =.113), and internal rotation of the talus (screws only: 0.2 degrees, p

=.954; screws + ST: 0.2 degrees, p =.962; screws + ST + SBs: 0.3 degrees, p =.925). States with
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SBs tended to translate the fibula medially compared to the intact (SBs only: 0.3 mm, p =.005;

screws + ST + SBs: 0.4 mm, p <.001) and cut (SBs only: 0.3 mm, p =.003; screws + ST + SBs: 0.4

mm, p <.001) states (Figure 18b). Comparable results were found with neutral and 30 degrees

of plantarflexed foot position, and with 25% and 50% PMFs.

Posterior and lateral drawer tests: Smaller differences were seen between the states.
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Figure 18. Boxplots of fibular translation
in relation to the tibia with testing in
intact, various methods of fixed, and
injured state. 18a. Boxplot of the anterior
translation of the fibula in relation to the
tibia during the external rotation test
with neutral ankle orientation and 25%
PMF. 18b. Boxplot of the anterior
translation of the fibula in relation to the
tibia during the internal rotation test with
neutral ankle orientation and 25% PMF.

* Sig. diff. compared to intact

+ Sig. diff. compared to screws

# Sig. diff. compared to screws + ST

A Sig. diff. compared to screws + ST + SBs
o Sig. diff. compared to SBs + ST

m Sig. diff. compared to SBs



DISCUSSION OF MAIN FINDINGS

Paper |

We found equivalent AOFAS score after nail and plate fixation at 24 months after surgery.
Previous studies have reported similar findings. In a RCT including 100 patients 65 years and
older, White et al. found no significant difference in OMA score at 12 months follow-up (218).
Also, Kho et al. and Badenhorst et al. reported no significant difference in AOFAS and/or OMA
score at 12 months follow-up in the population in general (219, 220). Contrary, Peeperkorn et

al. found a significantly higher AOFAS score in the nail group in elderly patients (221).

Interestingly, we found a higher number of complications and secondary surgical procedures
after nail fixation. A lower complication rate after nail compared to plate fixation has been
reported previously. In the study by White et al., no patient in the nail group had superficial
infection compared to 8 in the plate group, and a total of 12% had complications after nail
fixation compared to 18% after plate fixation (218). No significant difference in complications
was reported in the elderly population by either Peeperkorn et al. (nail: 13%, plate: 29%) or
Tas et al. (nail: 15%, plate: 33%) (221, 222). In a second study including younger patients,
White et al. reported a complication rate of 29% in both groups (223). In the present study,
the complication rate was 27% after nail fixation and 18% after plate fixation. We believe that
our low complication rate after plate fixation may be explained by different reporting of
complications, e.g. other studies have included ankle arthrodesis (224), OA (219), and medial
sided complications (223). Also, the previous literature has reported a high infection rate after
plate fixation which may be explained by different type of implant used, with a higher risk of
infections with locking plates compared to tubular plates (219, 224). Furthermore, there is an
increased risk of infection after plate fixation if surgery is delayed (166), but previous literature
lacks reporting of time from injury to surgery. The postoperative rehabilitation protocol, with
immediate ROM and weightbearing, has been recommended in some previous literature
which may increase the risk of infections (224). An increased risk of symptomatic hardware
may be present with locking plates (224), and non-locking plates in osteoporotic patients may

result in screw loosening and construct failure (218).

The complication rate after nail fixation in the present study was at the upper range compared

to the literature. We cannot neglect the learning curve with nail fixation and the challenges
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with the nail design which may explain some of the differences in the complication rate
between nail and plate fixation in the present study. Although a criterion for being the
operating surgeon was to previously have assisted 3 nail fixations, a low number of previous
nail fixations compared to plate fixations may have impacted our results. Additionally, a
significantly higher number construct failures were found in the nail group. The 4 construct
failures included 1 syndesmotic malreduction on postoperative CT scan, 1 intraoperative
fibular shaft fracture during reaming of the canal, and 2 talar lateralizations. We think that the
malreduction may be explained by increased recognition with the use of postoperative CT
scan. We do not obtain postoperative CT scan on regular basis, and this malreduction would
most likely have been missed on standard radiographs. The fibular shaft fracture may be
explained by technical errors and this surgery should have been converted to plate fixation
based on preoperative measurement of the fibula canal. We believe that premature
weightbearing and reduced compliance were important factors for failure in the two patients
with talar lateralization, and, in retrospect, they should have been protected in a splint until

fracture healing.

Presently, only 3 studies that compare nail and plate fixation in elderly patients have been
published (218, 221, 222). The study group of the RCT by White et al. was involved in the
development of the nail design and the surgical technique (102). Furthermore, details about
the inclusion process, inclusion period, and number of patients lost to inclusion is not
described, and limited patient and fracture characteristics are reported. The non-randomized
study by Peeperkorn et al. compared a prospective cohort with nail fixation and a
retrospective cohort with plate fixation, and additionally, as few as 15 patients were included
in the nail group (221). Similar limitations were present in the study by Tas et al., with only 13
patients included in the nail group (222). Our study is a RCT that include a high number of
patients followed for 24 months after surgery. We found equivalent functional outcome after
nail and plate fixation of acute unstable AO/OTA type 44-B ankle fractures in patients 60 years
or older. Still, a higher number of complications and secondary surgical procedures were
found after nail fixation. Our results suggest that plate fixation should be the treatment of

choice in the elderly population in general.
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Paper i

The functional outcome after SB and tricortical screw fixation at 24 months after surgery was
equivalent. This contrasts with several previous studies which have reported better outcomes
with SB compared to screw (105). However, previous studies report on various types of screw
fixation, with different screw diameter, number of cortices engaged, and number of screws.
Wikeroy et al. reported no difference in functional outcome when one 4.5 mm quadricortical
screw and two 3.5 mm tricortical screws was compared (112). Other studies have reported
inferior outcome with one quadricortical screw compared to SB (113-115). It is thought that
the rigid properties of the screw may explain the inferior clinical results (225). Less rigidity has
been suggested with one tricortical screw (116). Kortekangas et al. compared one tricortical
screw and one SB and found no significant difference in OMA score at least 2 years after
surgery (226). Comparable to Kortekangas et al., we found no significant difference in

functional score, with equivalent AOFAS score at 2 years follow-up.

In our study, the difference in tibiofibular distance and rate of malreduction was comparable
between the two groups, although as many as 19 (35%) patients in the SB group and 16 (29%)
patients in the tricortical screw group had a difference of 2 mm or more measured anteriorly.
A difference of 2 mm or more has been associated with a reduced functional outcome (106).
The tibiofibular distance depends on the reduction technique, type of implant, and
measurement technique. Previously, a better reduction has been suggested with SB compared

to screw fixation, which is believed to be related to the dynamic properties of the SB (105).

Paper il

Posterior malleolar screws resulted in better restoration of native tibiofibular and ankle joint
kinematics compared to trans-syndesmotic SBs. Fixation of the PMF may restore the tension
of the PITFL and thereby restore the syndesmotic stability. With external rotation of the foot,
Gardner et al. found that 70% of the ankle stiffness was restored with PMF screw fixation
compared to 40% with trans-syndesmotic screw fixation (137). Trans-syndesmotic fixation

using SB allows for more physiologic motion of the syndesmosis than screws; however,
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previous studies have highlighted concerns with inadequate stabilization of the fibula in the
sagittal and axial plane compared to the intact state (116, 227). These concerns were
confirmed in the present study, where SBs alone demonstrated increased fibular sagittal
translation and rotation in the rotation tests. Additionally, we found that posterior malleolar
fixation resulted in significantly increased syndesmotic stability compared to trans-

syndesmotic fixation with SBs.

We found that AITFL augmentation using ST improved restoration of the kinematics during
external rotation of the foot. AITFL augmentation has been suggested to restore the restraint
of the AITFL, thereby increasing fibular stability. In the study by Shoji, both SB with ST
augmentation and ST only were comparable to the intact state, and SB only was significantly
different from the intact state (217). Wood et al. found that 1 or 2 SBs with ST had significantly
less fibular translation and rotation than the injured state, while 1 or 2 SBs alone were not
significantly different from the injured state (228). In the present study, states with ST in
combination with screws and/or SBs, demonstrated highest syndesmotic stability with
external rotation of the foot. ST augmentation ensured that the syndesmotic integrity was
anatomically restored for 2 of the 3 syndesmotic ligaments: the PITFL and AITFL. Restoration
of all 3 syndesmotic ligaments, including SBs for the ITFL/IOM, did not provide any additional
stability to the syndesmosis compared to posterior malleolar screws and ST, and trans-

syndesmotic fixation with SBs tended to over-reduce the syndesmosis.
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METHODOLOGICAL CONSIDERATIONS

Paperland Il

Both papers | and Il were RCTs which are considered level | or Il evidence for clinical studies
(229). Both studies were conducted as equivalence trials in accordance with the Consolidated
Standards of Reporting Trials (CONSORT) statement for reporting noninferiority and
equivalence trials (230). We chose equivalence trial design because we did not know which
one of the surgical methods was the best, and a difference between the groups in either

direction would be of importance.

A priori sample size calculation was conducted with a web-based power calculator for
continuous outcomes in equivalence trials (www.sealedenvelope.com) in both paper | and Il.
Initially, we planned to include 100 patients in both studies. In paper |, some patients were
included but had to be excluded after randomization. This was mainly due to presence of a
posterior malleolar fragment that required fixation (an exclusion criteria) or because the ankle
was considered stable and did not require surgical treatment. Also in paper Il, some patients
were lost to follow-up. Therefore, we decided to increase the number of included patients to
120 in both studies. This number accounted for patients that had to be excluded after

enrollment and loss to follow-up.

All patients were randomly assigned to nail or plate fixation (Paper I) or SB or tricortical screw
(Paper I1). This was done by a web-based system provided by Unit for Applied Clinical Research
(Faculty of Medicine, Norwegian University of Science and Technology, Trondheim, Norway).
In paper |, the patients were randomized using block randomization with block size of 60. In

paper Il, the patients were randomized using block randomization with block size of 10.

In both paper | and I, the follow-up examinations were done by a physiotherapist that was
blinded to the type of surgical device. In paper |, the patients had to wear a sock during the
examination, so that the physiotherapist could not see the surgical scar which could reveal the
treatment group. In paper Il, the surgical scar is similar after both surgical techniques, and the

examination could be done without a sock.
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The advantage with the randomized study design is that baseline patient characteristics are
over all equally distributed between the groups, and that testing of significance is
inappropriate (231). Still, in paper |, we compared the various baseline characteristics
between the groups, and we found that gender was the only variable that was statistically
different between the groups, with more females in the plate groups. Although significant, we
think that this is a random finding, and we have not reported this in the manuscript.

Unfortunately, we did not have a predefined plan for the statistical analysis in paper | or Il.

All patients were treated according to hospital routines for ankle fractures. The only difference
in treatment between the groups was the different surgical technique and implant used. Three
different hospitals included patients in both paper | and Il. The patients were treated by the
surgeons on call; either by a less experienced resident and an experienced resident /
consultant, an experienced resident, or a consultant. This increases the generalizability of the
studies. However, in paper |, we cannot neglect the learning curve with nail fixation and the
challenges with this generation of nail design which may explain some of the differences in
the complication rate between nail and plate fixation. In paper Il, a lack of standardized

surgical technique for syndesmotic fixation may have had an impact on the result.

The 2-years follow-up rate in both paper | and Il is high (Paper I: 81%, paper II: 84%). Still, some
patients had to be excluded after randomization and some were lost to follow-up after
surgery. The reasons are elaborated in Figures 4 and 6. In paper |, all patients 60 years or older
were included. This patient population has large differences in daily function and expectations
of postoperative result. Some patients may have been prevented from attending follow-ups
due to physical challenges which may have resulted in loss to follow-up. It is also possible that
some patients did not want to continue follow-ups because of no complaints from the ankle.
Patients were lost to follow-up in both groups in both papers, and we do not think that
selection bias played a significant role for the outcome. In both paper | and Il, both intention-

to-treat and as-treated analysis were performed to account for the crossovers.

The AOFAS Ankle-Hindfoot Scale was used as the primary outcome measure in paper | and Il.
At the time of study planning, AOFAS was considered the most commonly used outcome score
for ankle fractures (232). This score was chosen as the primary outcome to enable comparison

of our results with previously published results, despite the well-known concerns with the
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measurement properties. We decided to include additional scores to compensate for the
weaknesses with the AOFAS score. More recently, McKeown et al. reported that the OMA
score is the most frequently reported outcome measure (197), and in retrospect, we think
that this score would have been a better choice as the primary outcome measure. In a
systematic review of patients with foot/ankle diseases, the MOxFQ demonstrated the best
psychometric properties (233). Based on the literature available today, the SEFAS score would
have been a good score to include since it is validated for ankle fractures in Norwegian

language (206).

In paper I, the syndesmosis width was measured on bilateral CT scans at 3 different locations:
anterior, central, and posterior. Additionally, malreduction should be suspected if the fibula is
located posteriorly in the incisura on postoperative radiographs (234). Fibular translation and
rotation have also been suggested as important signs of malreduction (235). In our study, we

did not measure fibular translation or rotation which is a weakness of the paper.

OA was evaluated on CT scans in both paper | and Il. Compared to plain radiographs, CT scans
is more sensitive when assessing OA. In paper |, the severity of OA was graded according to
the classification by Cohen et al. that is based on CT scans (209). In paper I, OA was graded
according to the Kellgren-Lawrence grading system (215). Although not specific for the ankle
joint, it is frequently used for ankle OA. OA was further classified as mild (Kellgren-Lawrence
1-2 or Cohen 1-2) or severe OA (Kellgren-Lawrence 3-4 or Cohen 3-4). In both studies, all CT

evaluations were done by one orthopaedic surgeon and one radiologist.

Based on the extension for equivalence trials (230), equivalence diagrams were created to
demonstrate the difference between the surgical methods, including mean difference,

confidence intervals (Cl), and equivalence margins.

Paper il

A biomechanical study was conducted to compare syndesmotic stability after posterior
malleolar fixation and syndesmotic fixation. Few previous studies have compared the two

fixations (137). Furthermore, the degree of stability provided by each of the two fixation
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methods is not known. A biomechanical study was believed to provide important information

about the fixations before clinical research may be conducted.

We tested 20 cadaveric specimens with a robot arm, including 10 specimens with a 25% PMF
and 10 specimens with a 50% PMF. This was based on the power calculation, assuming a mean

difference of 0.91 (217), SD of 0.89 (217), significance level of 5%, and power of 80%.

The ankle injury simulated a Weber C fracture with syndesmosis injury and involved a PMF
with cut syndesmotic ligaments (AITFL and IOM); however, the fibula and medial side of the
ankle were left intact to limit confounding variables. This resulted in an injury that do not
directly correspond to injuries seen in clinical practice. Additionally, some decisions about the
posterior malleolar fragment had to be made. The fragment was created based on previously
reported measurements obtained from CT scans, including axial and sagittal angle (59, 236).
Two different fragment length ratios, 25% and 50%, were created to increase the clinical
relevance of the study. The posterolateral fragment simulated a Mason type 2A fracture,
which is the fragment type that is most frequently associated with Weber C fracture (60, 236).
A concomitant syndesmosis injury is present in 70% of Mason type 2A fractures (237).
Although this fracture is not representative for all PMFs, it represents a fracture pattern that

is often seen in unstable ankle fractures.
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ETHICAL CONSIDERATIONS, APPROVALS, FUNDING, AND CONFLICTS
OF INTEREST

In paper | and Il, the participants were thoroughly informed about the study and the
consequences of participation by an orthopaedic surgeon before they signed a written
informed consent for voluntary study inclusion. The patients that declined study inclusion
were treated according to standard hospital routines. It was not known which of the two
compared surgical procedures that were the best; however, both procedures in both studies
were accepted procedures and already in use at all hospitals. Per- and postoperative
treatment followed standard hospital routines. In addition to the standard 6-weeks follow up,
the patients were closely followed with follow-up visits and radiographs or CT scans until 24
months postoperatively. The radiation dosage with an ankle CT scan is extremely low (238).
At any time, the patient could withdraw his/her informed consent without any justification
and could have the already collected data deleted. All data were saved anonymously with a
code that connected the patient identification data and the anonymized data. Only personnel

involved in the project had access to the patient identification data.

Paper | and Il were approved by the Norwegian National Research Ethics Committees
(2016/137 and 2015/1860, respectively). Additionally, both studies were registered at each of
the involved hospitals, with the data protection officer, and at www.clinicaltrials.gov
(NCT03377205 and NCT02930486, respectively). For paper lll, approval by the institutional
review board was not required because de-identified cadaveric specimens are exempt from
approval at the Steadman Philippon Research Institute (SPRI). The cadaveric specimens had
been donated to registered tissue banks for medical research purpose and had been

purchased by SPRI.

Paper | and Il did not receive any external funding. Paper Ill was funded by Arthrex regarding
the products that were used to conduct the study (award number US20083). The following
conflicts of interest were reported: IKS: The position at the SPRI was partially supported by
Arthrex. EEH: | am the president of the Norwegian Foot and Ankle Society. JEM: | have received
payment or honoraria for lectures, presentations, speaker’s bureaus, manuscript writing, or
educational events from Smith & Nephew, DePuy Synthes, and Stryker. TOC: | have been a

paid consultant for the following entities: Arthrex, Inc.; Stryker, Inc.; Wright Medical
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Technology; SubioMed; and BICMD. | have received royalties from Arthrex and Stryker. | have
received hospitality payments from Arthrex, Stryker and Wright Medical as a paid speaker for
them at meetings, as well as from Gentleman Orthopaedics and Gemini Mountain Medical
which are regional companies connected to Arthrex. | have stock options with SubioMed, Inc.
| have been on the Managerial Board of Foot and Ankle International and Foot and Ankle
Online for the American Orthopaedic Foot and Ankle Society. | am an Associate Editor for Foot
and Ankle International and Foot and Ankle Online. CTH: | have been a paid consultant for the
following entities: Arthrex, Inc. | have received hospitality payments from Arthrex, Inc. as a

paid speaker for them at meetings. | have received research support from Stryker, Inc.
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CONCLUSIONS

e Functional outcome after nail and plate fixation of unstable ankle fractures in elderly
patients is equivalent at 24 months follow-up, and there is no difference in radiological
outcome. Nail fixation results in a higher rate of complication and number of secondary
surgical procedures compared to plate fixation.

e Plate fixation should be the treatment of choice for acute unstable AO/OTA type 44-B
ankle fractures in elderly patients in general.

e Functional outcome after stabilization of acute syndesmosis injuries with a SB and a
tricortical screw is equivalent at 24 months follow-up, and there is no difference in
radiological outcome.

e Tricortical screw fixation is an equal alternative to SB fixation of acute AO/OTA type
44-C ankle fractures.

e PMF fixation with screws restores tibiofibular and ankle joint kinematics better than
trans-syndesmotic SBs in acute ankle injuries with PMF and an unstable syndesmosis.
AITFL augmentation using ST improves the kinematics during external rotation of the
foot compared to PMF fixation alone. Minor differences were found between 25% and
50% PMFs.

e Posterior malleolar fixation with AITFL augmentation may be the preferred surgical
treatment of acute ankle injuries with an unstable syndesmosis and a PMF of 25% or

larger.
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FUTURE PERSPECTIVES

The medial deltoid ligament has been suggested as the primary stabilizer of the ankle joint.
Based on a clinical study from our hospital (72), our hospital routines have changed, and ankle
stability is now assessed by obtaining weightbearing radiographs. This has resulted in a
markedly reduced number of ankle fractures that are assessed unstable and require surgical
stabilization. In Norway, clinical studies are in progress comparing surgical and nonsurgical
treatment of Weber C fractures (NCT04615650) and nonsurgical treatment of bi- and

trimalleolar fractures based on weightbearing radiographs.

In the RCT comparing nail and plate fixation of ankle fractures in elderly patients, the results
were reported after 24 months follow-up. Few studies have reported results after nail fixation
at long-term follow-up. Therefore, the patients in our study are invited for a 5-years follow-

up where all the PROMs are completed, and a bilateral CT scan is obtained.

The best diagnostic test to assess syndesmosis injury is not known. Although biomechanical
testing using the sagittal translation test has shown to be more sensitive than the Cotton and
external rotation tests for detecting syndesmosis injury (76-78), this has, to our knowledge,
not been confirmed clinically. Clinical studies that validate the sagittal translation test against
arthroscopy (the gold standard), assess functional outcome according to sagittal instability,

and determine a cut of for need for stabilization are highly desired.

Clinical studies that have compared trans-syndesmotic fixation and PMF fixation have
reported a reduced need for syndesmotic fixation after the PMF has been fixed (138-140). To
our knowledge, the published studies are retrospective and nonrandomized. Clinical,
prospective studies will be important for understanding the impact of PMFs on syndesmotic
stability and verify the results from our biomechanical study. Two studies comparing posterior
malleolar and trans-syndesmotic fixation are registered at clinicaltrials.gov (NCT02599285 and

NCT05413707).

Biomechanical studies have reported improved syndesmotic stability when trans-syndesmotic
fixation and AITFL augmentation compared to trans-syndesmotic fixation alone (217, 228).
These findings were confirmed in our biomechanical study. Additionally, we found improved

stability with external rotational of the foot when AITFL augmentation was added to the PMF
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fixation. This finding has not been confirmed clinically. A clinical study comparing PMF fixation
with or without AITFL augmentation in Weber C fractures may add information to the

literature regarding the best treatment of PMFs with syndesmosis injury.

It has been suggested that posterior malleolar fragment morphology should guide the
treatment of PMFs (239). Clinical studies with standardized treatment protocols according to

fragment classification may provide increased knowledge about fixation of PMFs.
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APPENDIX

1. AOFAS Ankle-Hindfoot Scale
2. MOxFQ

3. OMA Scale

4. Eq5d-3Lindex and VAS

5. VAS scores for pain

6. Paperl

7. Paperli

8. Paperlll
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Ankle-Hindfoot Scale (100 Points Total)

Pain (40 po8its)
None

Mild, occasional
Moderate, daily
Severe, almost always present
Function (50 points)
Activity Nimitations, support requirement
NG limitations, no support
No limitation of daily activities, limitation of recreational
activities, no support
Limited daily and recreational activities, cane
Severe |Imitation of dally and recreational actlvities, walker,
crutches, wheelchailr, brace
Maximum walking aistance, bDIocks
Greater than 6
4-5
1-3
Less than 1
Walking surfaces
No gifficulty on any surface

Some difflculty on uneven terrain, stairs, inclines, ladders
Severe difficulty on uneven terrain, tairs,inclines, ladders
Galt abnormality
Mone, slight
Obvious
Marked
Sagittal motion (fAexion plus extension)
Mormal or mild restriction (30° or more)
Moderate restriction {(15°-29°)
Severe restriction {less than 150}
Hindfoot motion (inversion pius eversion)
Normal or mild restriction (75%-100% normal)
Moderate restriction (25%-74% normal)
Marked restriction (less than 25% normal)
Ankle-hindfoot stability (anteroposterior, varus-valgus)
Stable
Definitely unstable
Alignment (10 points)
Good, plantigrade foot, midfoot well aligned
Fair, plantigrade foot, some degree of midfoot malalignment
observed, no sympltoms

Poor, nonplantigrade foot, severe malalignment, symptoms
Total=
American Orthopaedic Foor and Ankle Biety
From: http://www.aofas.org/id4a/pagesfindex.cfm?pageid=3454

40
30
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Manchester-Oxford Foot

Questionnaire (MOxXFQ)

English version for the United Kingdom

Prior to completing the Questionnaire please complete the following:-

Today’s Date:

On which side of your body is the affected joint, for which you are receiving/have received treatment.

Left D
Right
Both

If you said ‘both’, please complete the first questionnaire thinking about the right side. A
second questionnaire, for the left side, will follow.

© Isis Innovation Limited, 2006. All rights reserved. 82
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Circle as appropriate Right / Left Please tick (v') one box
for each statement.

1. During the past 4 weeks this has applied to me:

I have pain in my foot/ankle

None of the Some of the Most of the
time Rarely time time All of the time

[ L] L] ] [

2. During the past 4 weeks this has applied to me:
I avoid walking long distances because of pain in my foot/ankle

None of the Some of the Most of the
time Rarely time time All of the time

L] ] ] [] L]

3. During the past 4 weeks this has applied to me:
I change the way I walk due to pain in my foot/ankle

None of the Some of the Most of the
time Rarely time time All of the time

[ ] ] [ ]

4. During the past 4 weeks this has applied to me:

I walk slowly because of pain in my foot/ankle

None of the Some of the Most of the
time Rarely time time All of the time

L] L] L] [] ]

5. During the past 4 weeks this has applied to me:
I have to stop and rest my foot/ankle because of pain

None of the Some of the Most of the
time Rarely time time All of the time

L[] L] L] ] L]

6. During the past 4 weeks this has applied to me:

I avoid some hard or rough surfaces because of pain in my foot/ankle

None of the Some of the Most
time Rarely time of the time All of the time

L] [] [] [] L]

© Isis Innovation Limited, 2006. All rights reserved. 83
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7. During the past 4 weeks this has applied to me:

I avoid standing for a long time because of pain in my foot/ankle

None of the Some of the Most of the
time Rarely time time All of the time

[ L] L] ] [

8. During the past 4 weeks this has applied to me:
I catch the bus or use the car instead of walking, because of pain in my

foot/ankle
None of the Some of the Most of the
time Rarely time time All of the time
[] [] [] [] []

9. During the past 4 weeks this has applied to me:
I feel self-conscious about my foot/ankle

None of the Some of the Most of the
time Rarely time time All of the time
[] [] [] [] []

10. During the past 4 weeks this has applied to me:
I feel self-conscious about the shoes I have to wear

None of the Some of the Most of the
time Rarely time time All of the time
[] [] [] [] []

11. During the past 4 weeks this has applied to me:
The pain in my foot/ankle is more painful in the evening

None of the Some of the Most of the
time Rarely time time All of the time
[] [] [] [] []

12. During the past 4 weeks this has applied to me:
I get shooting pains in my foot/ankle

None of the Some of the Most of the
time Rarely time time All of the time
© Isis Innovation Limited, 2006. All rights reserved. 84
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13. During the past 4 weeks this has applied to me:
The pain in my foot/ankle prevents me from carrying out my
work/everyday activities

None of the Some of the Most of the
time Rarely time time All of the time

L] L] L] [] L[]

14. During the past 4 weeks this has applied to me:
I am unable to do all my social or recreational activities because of pain
in my foot/ankle

None of the Some of the Most of the
time Rarely time time All of the time

[ L] L] [ ]

15. During the past 4 weeks...
How would you describe the pain you usually have in your foot/ankle?
None Very mild Mild Moderate Severe

[ L] L] [ ]

16. During the past 4 weeks...
Have you been troubled by pain from your foot/ankle in bed at night?

Only 1 or 2
No nights nights Some nights Most nights  Every night

L] L] L] [] ]

Finally, please check that you have answered every question.

Thank you very much.
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Pasientnr. Dagens dato:

Sett ring: 6 uker 6 mndr 1ar 2ar 5ar

Olerud og Molander Ankel score

Utfylles av lege/fysioterapeut Sett ring omkring ett av valgene for hvert spgrsmal
Parameter Grad Score
1. Smerte Ingen 25
Gange pa ulendt terreng 20
Gange pa jevnt underlag 10
utendgrs
Gange innendgrs 5
Konstante og sterke 0
2. Stivhet Ingen 10
Stiv 0
3. Hevelse Ingen 10
Bare om kvelden 5
Konstant 0
4. Trappe-gang Ingen problemer 10
Noe vanskeligheter 5
Umulig 0
5. Legping Mulig 5
Umulig 0
6. Hopping Mulig 5
Umulig 0
7. Sitte pa huk Ingen problemer 5
Umulig 0
8. Bruk av stgtte Ingen 10
Taping, stpttebandasje 5
Stokk, krykke 0
9. Arbeid, daglige Samme som fg@r skaden 20
gjgremal Redusert tempo 15
Byttet til lettere jobb/deltid 10
jobb
Alvorlig redusert 0

arbeidskapasitet

Total:
Darlig (poor)= 0-30 Middels (fair)=31-60 God (good)=61-90 Veldig god (excellent)=91-100

Signatur:
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Deltakernr:

SP@ORRESKJEMA VEDR@RENDE LIVSKVALITET (Eq5d)

Vis hvilke utsagn som passer best pa din helsetilstand i dag ved a sette et kryss i
en av rutene utenfor hver av gruppene nedenfor.

1. Hvordan opplever du gangevnen din?
[11Jeg har ingen problemer med a ga omkring
[12Jeg har litt problemer med a ga omkring
[1sJeg er sengeliggende

2. Hvordan klarer du personlig stell?

"11Jeg har ingen problemer med personlig stell

[12Jeg har litt problemer med a vaske meg eller kle meg
[IsJeg klarer ikke & vaske meg eller kle meg

3. Hvordan klarer du dine vanlige gjgremal (f.eks. arbeid, studier,
husarbeid, familie- og fritidsaktiviteter)?

[1:Jeg har ingen problemer med a utfgre mine vanlige gjgremal
[12Jeg har litt problemer med a utfgre mine vanlige gjgremal
[JsJeg er ute av stand til 3 utfgre mine vanlige gjgremal

4. Smerter eller ubehag?

l1Jeg har verken smerte eller ubehag
[12Jeg har moderat smerte eller ubehag
"1sJeg har sterk smerte eller ubehag

5. Angst eller depresjon?

"1.Jeg er verken engstelig eller deprimert
[2Jeg er noe engstelig eller deprimert
[13Jeg er svaert engstelig eller deprimert
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Best tenkelige
helsetilstand

100

: . : 920
6. Din helsetilstand i dag. T
For a hjelpe folk til 8 si hvor god eller darlig en =X
helsetilstand er, har vi laget en skala (omtrent som et T
termometer) hvor den beste tilstanden du kan tenke deg 820
er merket 100 og den verste tilstanden du kan tenke an
deg er merket 0. s
Vi vil gjerne at du viser pa denne skalaen hvor god 7;—0
eller darlig helsetilstanden din er i dag, etter din =
oppfatning. Vaer vennlig 3 gjgre dette ved a trekke en +
linje fra boksen nedenfor til det punktet pa skalaen som 1
viser hvor god eller darlig din helsetilstand er i dag. 630
520
Din egen 430
helsetilstand =+
i dag +
3e0
230
1 20
(

)

Verst tenkelige
helsetilstand
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Visuell score (pasienten skal selv avmerke)
Smerter i hvile:

Ingen ) — Lassanes 2w K 4o Sevie TR S - ——— 10

Smerter ved gange:

Ingen O o2 BB 56 T8 9 10

Smerter om natten:

Ingen O v B 56T 80 910

Daglige aktiviteter:

Normale 0........ | N £ N— 2 iiions Secvini T T, 8 9. 10
J Delvis Nei

Hvis hemmet, skyldes hemming ankelskaden? D D D

Utdlelige

Uutholdelige

Intensive

Meget reduserte
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Background and purpose — Better outcomes are
reported for suture button (SB) compared with syndesmotic
screws (SS) in patients treated for an acute ankle syndes-
motic injury. One reason could be that screws are more rigid
than an SB. A single tricortical 3.5 mm syndesmotic screw
(TS) is the most dynamic screw option. Our hypothesis is
that 1 SB and 1 TS provide similar results. Therefore, in ran-
domized controlled trial, we compared the results between
SB and TS for syndesmotic stabilization in patients with
acute syndesmosis injury.

Patients and methods — 113 patients with acute syn-
desmotic injury were randomized to SB (n = 55) or TS (n
= 58). The American Orthopedic Foot & Ankle Society
(AOFAS) Ankle-Hindfoot Score was the primary outcome
measure. Secondary outcome measures included Manches-
ter Oxford Foot Questionnaire (MOXFQ), Olerud—Molan-
der Ankle score (OMA), visual analogue scale (VAS),
EuroQol- 5D (EQ-5D), radiologic results, range of motion,
complications, and reoperations (no implants were routinely
removed). CT scans of both ankles were obtained after sur-
gery, and after 1 and 2 years.

Results — The 2-year follow-up rate was 84%. At 2
years, median AOFAS score was 97 in both groups (IQR SB
87-100, IQR TS 90-100, p = 0.7), median MOXFQ index
was 5 in the SB group and 3 in the TS group (IQR 0-18
vs. 08, p = 0.2), and median OMA score was 90 in the SB
group and 100 in the TS group (IQR 75-100 vs. 83-100, p
= 0.2). The syndesmotic reduction was similar 2 years after
surgery; 19/55 patients in the SB group and 13/58 in the TS
group had a difference in anterior syndesmotic width >2 mm
(p = 0.3). 0 patients in the SB group and 5 patients in the TS
group had complete tibiofibular synostosis (p = 0.03). At 2
years, 10 TS were broken. Complications and reoperations
were similar between the groups.

Interpretation — We found no clinically relevant differ-
ences regarding outcome scores between the groups. TS is an
inexpensive alternative to SB.

Since 2018, several meta-analyses have been published evalu-
ating treatment of acute ankle syndesmotic injury, reporting
better outcomes for suture button (SB) fixation compared with
syndesmotic screw (SS) (Shimozono et al. 2018, McKenzie
et al. 2019). Shimozono concluded that the SB technique
resulted in improved outcome and lower rates of joint mal-
reduction. These results are based on heterogenous studies:
different fracture types were compared; different numbers of
implants were used and different diameters and cortices were
engaged for SS fixation (Shimozono et al. 2018). Andersen
et al. (2018) reported superior results for SB compared with
a quadricortical 4.5 mm SS. A quadricortical SS necessitates
routine screw removal, with a 5-9% reported risk of wound
infection (Schepers et al. 2011, Andersen et al. 2015) and
potential loss of reduction after implant removal (Laflamme
et al. 2015). A quadricortical SS is a rigid fixation, inhibiting
tibiofibular movement throughout the gait cycle (Riedel et al.
2017, Ramsey et al. 2018). The SB has a higher implant cost
compared with SS (Ramsey et al. 2018), may not be sufficient
to maintain fibular length in Maisonneuve fractures (Riedel
et al. 2017), and has an implant removal rate of 6%, mainly
due to irritation from the lateral knot (Andersen et al. 2018).
The single tricortical 3.5 mm syndesmotic screw (TS) allows
for some tibiofibular movement (Clanton et al. 2017), making
the TS an inexpensive alternative, without need for routine
implant removal. In this study we compare outcomes between
a knotless SB and TS. Our hypothesis was that there is no
difference in outcomes in patients treated with SB and a 3.5
mm TS.

Patients and methods
Patients and procedures

3 hospitals participated in recruiting and treating patients. Sur-
gery was conducted by 45 different surgeons. Patients were
included by the orthopedic resident on call, from January 2016
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ENROLLMENT

Assessed for eligibility
n =902

Excluded (n = 789):

- not AO 44C fracture, 597

—— - not meeting inclusion criteria, 172
- declined to participate, 7

- other reasons, 13

Randomized
n=113

ALLOCATION

Allocated to suture button (SB) (n = 58)
Received allocated intervention (n = 55)

Did not receive allocated intervention (n = 3):
- no syndesmosis fixation, 2

Allocated to tricortical screw (TS) (n = 55)
Received allocated intervention (n = 53)

- received SB, 2

Did not receive allocated intervention (n = 2):

- received SS, 1 - received 2 SS, 1

FOLLOW-UP

Lost to follow-up (n = 1)
Did not attend follow-up at:

Lost to follow-up (n = 0)
Did not attend follow-up at:

- 6 months, 3 — 6 months, 1

-1 year, 4 -1 year, 3 (1 dead)
-2 years, 10 -2 years, 8 (2 dead)
Incomplete data sets: Incomplete data sets:
-6 months, 0 - 6 months, 0

-1 year, 2 missing CT scans
- 2 years, 2 missing CT scans

-1 year, 1 missing CT scan
- 2 years, 2 missing CT scans

Figure 2. CT of injured ankle (upper panel) and unin-
jured ankle (lower panel) in a 20-year-old woman, 2
years after injury. Tibiofibular distance is measured

ANALYSIS

on axial CT 1 cm proximal to the ankle joint. Distance
measured anterior (A); central (C); and posterior (P).

Analyzed at 2 years (n = 48)
Excluded from analysis (n = 0)

Analyzed at 2 years (n = 47)
Excluded from analysis (n = 0)

Figure 1. CONSORT flowchart of the trial enrollment and analysis.

to September 2017. Patients aged 18 to 69 who had suffered
an acute AO type 44-C ankle fracture assessed by radiographs
were asked to participate (Figure 1). Exclusion criteria were
polytrauma, open fractures, previous fracture or arthritis of
the same ankle, or neurologic impairment of the lower limbs.
A web-based randomization system was used, developed and
administered by Clinical Research Unit Central Norway, Nor-
wegian University of Science and Technology, Trondheim,
Norway.

Surgery was performed according to AO principles. The
syndesmosis was reduced and fixed in a closed manner,
guided by fluoroscopy. Surgeons were recommended to fix
the syndesmosis at a level just proximal to the inferior tibio-
fibular joint (Barbosa et al. 2020), the use of temporary fix-
ators (K-wire or reduction clamp) was decided by the surgeon.
Patients allocated to SB were treated with a single knotless SB
(Ziptight, Zimmer Biomet, Warsaw, IN, USA). Patients allo-
cated to TS were treated with a fully threaded self-tapping,
3.5 mm tricortical screw (DePuy Synthes, West Chester, PA,
USA). The screw length was not specified, but standardized to
engage 3 cortices. Surgery was performed by the on-call team,
either by an experienced resident, or a less experienced resi-
dent accompanied by a consultant or senior resident. Antibi-
otic prophylaxis was given as a single dose peroperatively. All
patients followed the same protocol postoperatively: implants

were not routinely removed; plaster casts and thrombosis pro-
phylaxis were not used routinely. Patients were advised partial
weight-bearing (20-30 kg) directly after surgery (Barbosa et
al. 2020), then weight-bearing as tolerated after 6 weeks.

Outcome measures

Patients were assessed by an orthopedic surgeon and a
physiotherapist at 6 weeks, 6 months, 1 and 2 years. The
physiotherapists who conducted the physical examinations
were blinded to the treatment allocation. The main out-
come measure was the American Orthopedic Foot & Ankle
Society (AOFAS) Ankle-Hindfoot scale. AOFAS incorpo-
rates subjective and objective factors into a numerical scale
of 0 to 100, 100 being the best. Secondary outcome mea-
sures included the Manchester Oxford Foot Questionnaire
(Dawson et al. 2007, 2011) (MOXFQ), a 16-item (each item
scored 0—4) patient reported outcome measure (PROM).
MOXFQ has 3 separate underlying dimensions: pain, activ-
ity, and social interaction. The raw score of maximum 64
was converted to a metric index from 0 (best) to 100 (worst)
(Morley et al. 2013). MOXFQ is available in Norwegian and
is not validated for ankle fractures. The MOXFQ is validated
for hallux valgus surgery and has been found to be highly
responsive (Dawson et al. 2007). Other secondary measures
were the Olerud—Molander Ankle (OMA) score (Olerud and
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Molander 1984), EuroQol-5D (EQ-5D) index, EQ-5D visual
analogue scale (VAS), and VAS scores for pain during rest,
during walking, at night, and during daily activities. OMA
is a self-reported scale validated for ankle fractures, rang-
ing from O (worst) to 100 (best). EQ-5D is a well-validated
generic health-related quality-of-life instrument. Ankle
range of motion was measured, comparing injured with
non-injured ankle. The examination was standardized by a
blinded physiotherapist, measuring dorsal and plantar flex-
ion with a goniometer, with the foot placed on a 25 cm high
foot stool with the knee in flexion.

Radiological measurements

Plain radiographs of the injured ankle were obtained after sur-
gery, and at 6 weeks and 6 months. CT scans of both ankles
were obtained postoperatively, and after 1 and 2 years. CT
scans were standardized with the patient in a supine position,
placing the feet in a purpose-made device, keeping the ankles
in neutral position with 20° internal rotation of the legs. Radio-
logical measurements were performed by 1 senior musculo-
skeletal radiologist (SBJ) and one orthopedic surgeon (BWR).
The syndesmosis was assessed postoperatively and after 1
and 2 years by measuring the tibiofibular distance on axial
CT scans, 1 cm proximal to the midpoint of the tibial plafond
(Figure 2). The difference between injured and uninjured side
was calculated. A criterion of < 2 mm difference in tibiofibu-
lar distance was selected for acceptable syndesmotic reduction
(Andersen et al 2019, Patel et al. 2019). Signs of ankle osteo-
arthritis (OA), synostosis, talar exostoses, broken screws, and
osteochondral lesions were reported. When assessing OA on
CT scans, we defined mild OA as presence of osteophytes, and
advanced OA as narrowing of the joint space and presence of
cysts and sclerosis (Ray et al. 2019).

Statistics

Sample size was calculated according to the equivalence cri-
terion (Piaggio et al. 2012). The minimal clinically important
difference (MCID) for ankle fracture patients is not defined
for the AOFAS score but has been suggested to be half of the
standard deviation (SD) (Norman et al. 2003). Based on data
from previous trials with a similar population, the SD was
estimated to 12 points (Wikeroy et al. 2010, Andersen et al.
2018), giving an MCID of the AOFAS score of 6 points. A
between-group difference of 10 points (AOFAS) was used
to ensure a sufficient inclusion of patients. 38 patients had
to be included in each group to achieve a power of 0.95
and a significance level of 0.05. To strengthen the data and
compensate for loss to follow-up, we planned to include 60
patients in each group. Analyses of endpoint results were
performed as both intention-to-treat and per-protocol. Stu-
dent’s T-test was used to compare means of normally dis-
tributed data. The Mann—Whitney U-test was used in cases
of skewed data. Fisher’s exact test was used for categorial
data. Data is reported as numbers, mean with SD, or median

Table 1. Patient characteristics at time of enrolment. Values are
number of patients unless otherwise specified

Characteristic SB(n=55) TS (n=>58)
Mean age (SD) 44 (15) 48 (14)
Male sex 35 30
Right side 32 26
Mean BMI (SD) 27 (5) 26 (4)
Medial malleolar fracture 14 19
Posterior malleolar fracture 37 31
Medial and posterior malleolar fracture 10 15
Maisonneuve fracture 26 20
Osteochondral damage of the talus 22 4
Intra-articular loose bodies 92 10
Temporary external fixator 7 2
an=>54

with interquartile range (IQR). We considered a probability
of less than 5% as statistically significant and used 95% con-
fidence intervals (CI) to describe uncertainty. Data analysis
was conducted in IBM SPSS Statistics for Mac version 26
(IBM Corp, Armonk, NY, USA).

Ethics, registration, funding, and potential conflicts of
interest

Patients gave their written consent prior to randomization.
The trial was conducted in accordance with the Declaration of
Helsinki, approved by the National Committees for Research
Ethics in Norway 2015/1860 and registered at ClinicalTrials.
gov (NCT02930486). The study did not receive external fund-
ing. The authors have no conflicts of interest to declare.

Results

Results are reported according to the CONSORT guidelines.

113 patients were randomized and allocated to SB (= 58)
or TS (= 55) (Figure 1). The 2-year follow-up rate was 84%;
the radiological follow-up rate was 81%. The baseline demo-
graphic patient characteristics and fracture treatment were
reported (Table I).

Clinical outcomes

The groups did not differ statistically regarding clinical out-
come: at 2 years, the median AOFAS score was 97 in both
groups (IQR SB 87-100 vs. TS 90-100, p = 0.7) (Table 2).
The difference in mean AOFAS was < 2, equivalent at all con-
trols (Figure 3). Median MOXFQ was 5 in the SB group and
3 in the TS group (IQR SB 0-18 vs. TS 0-8, p = 0.2) (Table
2), and median OMA score was 90 in the SB group and 100
in the TS group (IQR SB 75-100 vs. TS 83-100, p = 0.2).
Similarly, no statistically significant difference was detected
in VAS, EQ-5D VAS, or EQ-5D (Table 2). Fracture pat-
tern affected clinical outcome when we stratified the groups
according to fracture pattern: after 2 years, patients with
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Table 2. Primary and secondary outcome measures

Outcome SB2 TS 2
measure n score n score p-value
AOFAS
6 weeks 54 67 (10) 52 66 (13) 0.7¢
6 months 53 87 (82-98) 54 88(77-98) 10P
1 years 53 93 (82-100) 52 90 (84-99) 05P
2 years 48 97 (87-100) 47 97 (90-100) 0.7°
MOXFQ
6 weeks 52 29 ((11) 48 31 (13) 0.4°¢
6 months 55 14 (3-31) 53 14 (3-36) 0.7b
1 year 52 5(0-32) 51 6 (0-13) 0.9Pb
2 years 48 5 (0-18) 47  3(0-8) 0.2b
OMA
1 year 53 90 (73-100) 52 90 (76-100) 0.4P
2 years 47 90 (75-100) 45 100 (83—-100) 0.2P
VAS for pain during rest
6 weeks 53 1.0 (0-2) 49 1.0(0-2) 0.9Pb
6 months 54 0.0 (0-1) 54 0.0 (0-2) 0.1b
1 year 53 0.0 (0-1) 52 0.0 (0-1) 0.5b
2 years 48 0.0 (0-1) 47 0.0 (0-0) 0.6b
VAS for pain during walking
6 weeks 53 2.0 (1-4) 49 3.0 (2-4) 0.3P
6 months 54 1.0 (0-3) 54 1.0 (0-2) 0.8°
1 year 53 1.0(0-2) 52 1.0 (0-2) 0.9b
2 years 48 0.0 (0-1) 47 0.0 (0-1) 0.2b
VAS for pain at night
6 weeks 53 1.0 (0-2) 49 1.0(0-3) 0.6P
6 months 54 0.0 (0-0) 54 0.0 (0-1) 0.01b
1 year 53 0.0 (0-0) 52 0.0 (0-0) 1.0P
2 years 48 0.0 (0-1) 47 0.0 (0-0) 0.2b
VAS for pain during daily activity
6 weeks 53 3.0 (2-6) 49 4.0 (2-7) 0.4°
6 months 54 1.0 (0-3) 54 1.0 (0-2) 0.9Pb
1 year 53 0.0 (0-2) 52 1.0 (0-2) 0.6b
2 years 48 0.0 (029 47 0.0 (0-0) 0.03P
EQ-5D index
6 weeks 53 0.7(0.6-0.8) 53 0.7(0.3-0.7) 0.1P
6 months 54 0.8 (0.7-1.0) 54 0.8 (0.7-1.0) 09P
1 year 53 1.0 (0.8-1.0) 52 1.0(0.8-1.0) 1.0°P
2 years 48 1.0 (0.8-1.0) 47 1.0(0.9-1.0) 03P
EQ-5D VAS
6 weeks 52 73 (15) 51 63 (18) 0.004 ¢
6 months 53 89 (70-95) 54 80 (74-90) 0.2P
1 year 52 85 (71-95) 52 88(76-90) 0.6P
2 year 48 85 (70-95) 45 90(77-95) 0.6P

@ For not normally distributed data values are given as median (IQR)
in parentheses and for normally distributed data as mean (SD).

b Nonparametric (Mann—Whitney U) test.

¢ 2-sided t-test for independent samples.

a Maisonneuve fracture pattern had better outcome scores
with a median AOFAS at 100 in the Maisonneuve patients
group compared with 95 in all other injuries IQR 95-100 vs.
85-100, p = 0.001), while patients with trimalleolar fractures
did worse, with a median AOFAS at 92 compared with 99 in
other injuries (IQR 85-97 vs. 90-100, p = 0.03) (Table 3, see
Supplementary data). The ability to plantar- and dorsiflex the
ankle was similar between the groups. At 2 years, the mean
difference between injured and uninjured ankle in plantar and
dorsiflexion was < 5° (Table 4, see Supplementary data). Per-
protocol analyses supported the intention-to-treat findings.

Tricortical screw better ~ Suture button better

6 weeks |—;§—| p=07
6 months |—§'0—| p=10
1 year |—'0—| p=05
2 years |—0§—| p=07

T \ T

-15 10 -5 0 5 10 15
Mean AOFAS difference between groups (95% CI)

Figure 3. AOFAS equivalence diagram. Blue area indicates margins
of equivalence defined as the between-group difference of 10 points.
Results at all time intervals are equivalent since the 95% Cl lies wholly
inside the margins.

Radiological results

At 2 years, 30 patients in the SB group and 27 patients in the
TS group had radiological signs of ankle OA (RR 1.1, CI1 0.7—
1.7). When analyzing for advanced OA, there was a difference
between the groups at 2 years: 8 patients in the SB group and
1 patient in the TS group had advanced OA (RR 8, CI 1-60).
The groups displayed similar results when analyzing presence
of talar osteophytes at 2 years: 12 in the SB group and 7 in the
TS group (p = 0.3). At 2 years, O patients in the SB group and
5 patients in the TS group had complete synostosis (p = 0.03)
(Figure 4, see Supplementary data). When stratifying the com-
plete cohort at 2 years according to fracture pattern, patients
with a Maisonneuve fracture had less OA (15 vs. 42, RR 0.7,
CI 0.4-1.0), patients with a trimalleolar fracture had more OA
(19 vs. 38, RR 1.6, CI 1.2-2.1).

The tibiofibular distance measured on CT scans postopera-
tively and after 1 and 2 years was similar between the groups.
At 2 years, the mean difference in tibiofibular distance was <
1 mm for anterior, central, and posterior measurement in both
groups (Table 5). When applying a tibiofibular difference of <
2 mm between injured and uninjured ankle as a criterion for
acceptable reduction the groups had similar results at all con-
trols; 19 patients in the SB group and 16 patients in the TS group
had an anterior difference > 2 mm postoperatively (RR 1.2, CI
0.7-2.1) (Table 6, see Supplementary data). After 2 years, 35 of
45 patients still had their TS implanted; 10 screws were broken.

Complications and reoperations

10 patients in the SB group and 17 patients in the TS group
had > 1 reoperation (p = 0.2) (Table 7, see Supplementary
data). 5 patients in the SB group and 11 patients in the TS
group had their implants removed because of local irritation
alone (p = 0.2). 3 patients in the SB group and 3 patients in
the SS group required early reoperation (< 3 weeks) after CT
postoperatively revealed unacceptable reduction of the frac-
ture or of the syndesmosis (3 syndesmosis malreductions,
1 fibula malreduction, 2 medial malleolus malreduction). 2
patients (male, age 50 and female, age 52 years) suffered a
low-energy tibia fracture through the suture button canal (Fig-
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Table 5. Radiological results: difference measured in mm in tibiofibular distance at level
of syndesmosis (1 cm proximal to the ankle joint) between injured and uninjured side.

Values are mean (SD) or median (IQR) unless otherwise specified

inferior to an SB, while Kortekangas et al.
(2015) found no difference when compar-
ing an TS with an SB.

SB TS

Factor n difference n difference

Mean between-group
difference (95% CI) p-value @

The first SBs available required a suture
knot on the lateral side, with irritation and
a reported removal rate of 6% (Andersen

Difference in anterior distance

et al. 2018). We used a knotless SB to

f iev:feks gi 21 g-%)) gg 8; 82; —82 Ej)itt%%; 81 potentially lower this rate. Despite this, our
2years 46 09 (19) 45 0.7 (16) 02(-051010) 05 removal rate was 9%. Changing to a knot-
Difference in central distance less SB did not affect the removal rate. This
? 2 weeks gi 2; 833 gg —gg 83 8§ E—gg :0 ?-g)) 82 could be due to other factors, such as irrita-
year 2(1. 9 (1. 3(-0.3to 1. : : .
2years 46  14(0.0-20) 45 10(0.0-10) 0.7 (0.0t0 14) 0.2b  tion from the fibula plate, present in almost
Difference in posterior distance half of the SB patients. 6 patients required
?iev:?eks gi —8‘11 E?-g)) gg —82 g-;)) _gg E:?g tté’(;-gg 8; early reoperation, based on postoperative
2 years 46 00 (2.3) 45 03 (2.0) ~0.4 (-1210 0.5) 0.4 CT scans. We advocate a low threshold

2 evene’s test was used to assess equality of the variances. Statistical analysis was con-
ducted using the 2-sided t-test for independent samples in normally distributed data;

otherwise the Mann-Whitney U-test was used.
b The Mann-Whitney U-test was used.

ures 5, 6, see Supplementary data). The male patient presented
6 months postoperatively with a healed tibia fracture with
13° varus deformity. Since this patient had no complaints the
fracture was not addressed surgically. The female patient pre-
sented initially with a large posterior malleolar fracture. She
presented with pain while walking 4 months after her initial
injury. She had suffered a tibia fracture and was reoperated on
with open reduction and internal fixation. A dual energy X-ray
absorptiometry (DEXA scan) showed osteoporosis.

Discussion

The main findings in this study are equivalent clinical results in
patients treated with either an SB or an TS 2 years after acute
syndesmotic injury. The mean AOFAS difference between the
groups was overlapping and inside the margins of the 95% CI
at all controls. The rate of appropriate syndesmotic reduction,
reoperations, and rate of OA was similar between our groups.
In the SB group, 2 patients experienced fractures through the
suture button canal. 5 patients in the TS group had synostosis
after 2 years. Fracture pattern affected clinical outcome.

The clinical results are in contrast to earlier studies report-
ing better results for SB fixation (Shimozono et al. 2018).
An explanation for this discrepancy could be the different
mechanical properties between the screw options for fixation.
The dynamic properties of syndesmotic implants in vivo are
unknown, but there are mechanical studies on the subject.
Fixation of the syndesmosis with several 3.5 mm tricorti-
cal SS or a 4.5 mm quadricortical SS locks the fibula in the
incisura, while the TS has in a cadaver study displayed more
dynamic properties (Clanton et al. 2017). This may explain
why Andersen et al. (2018) found a quadricortical SS to be

for obtaining postoperative CT scans after
syndesmotic reduction (Garner et al. 2015,
Barbosa et al. 2020).

Trauma is the most common cause of
ankle OA (Saltzman et al. 2005). The rate
of radiologic OA after 2 years was high in
this study. The reason for this could be the use of CT, which is
more sensitive than radiographs when assessing OA. Most of
the patients (48 of 57) displayed only minor signs of OA. The
rate of advanced OA in 9 patients is in line with previous studies
(Liibbeke et al. 2012, Ray et al. 2019). The observation period
of 2 years is short and the study population is underpowered
to conclude on the differences in advanced OA between the
groups. More patients had complete synostosis in the TS group,
supporting the findings by Hinds et al. (2014) that SS fixation
is a risk factor for synostosis development. 2 patients treated
with SB suffered a non-traumatic fracture through the suture
button canal. This specific complication and its incidence have
not been reported in the literature. We suggest a syndesmotic
screw as a better alternative in patients with poor bone quality.

A weakness in the study is our choice of outcome score. The
ideal outcome score should be validated for the injury in ques-
tion, have high reliability, and be available in the language of
the patients examined. Our primary outcome, the AOFAS, is
not validated; it is criticized for low precision, and for produc-
ing skewed data due to ceiling effects (Veltman et al. 2017).
Even so, the AOFAS was chosen because of its widespread
use. We decided to add the MOXFQ, since it was available
in Norwegian. It is validated for hallux valgus surgery, not
ankle fractures, hence its properties for ankle fractures are not
known. After initiation of our trial, a comparison of 3 differ-
ent PROMs available in Norwegian were published, recom-
mending the Self-Reported Foot and Ankle Score (SEFAS) for
evaluating patients with ankle fractures (Garratt et al. 2018).
Another weakness is the lack of standardization in the syn-
desmosis fixation and several surgeons treating the patients.
This could be a source of uncontrolled variability between the
groups. On the other hand, it makes our results transferable to
the day-to-day practice of fracture surgery.
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The primary strengths of this study are the randomized pro-
spective design with blinded scoring of clinical outcome mea-
sures, comparable groups at baseline, a high follow-up rate,
and CT evaluation 2 years after treatment. In addition, all hos-
pitals participating in the study used both implants as standard
treatments before initiation of the trial, minimizing problems
with the learning curve associated with new treatments. The
procedure was performed by the on-call team, providing gen-
eralizability. Our outcome scores after 2 years are in line with
scores from similar studies (Wikeroy et al. 2010, Laflamme et
al. 2015, Andersen et al. 2018), supporting previous data on
outcomes after syndesmotic injury.

Interpretation

In this RCT comparing a knotless SB and an TS we found
no clinically relevant differences regarding outcome scores
between the groups. TS is an inexpensive alternative to SB
when treating acute syndesmotic injury.

Supplementary data

Tables 3, 4, 6, 7 and Figures 4-6 are available as supplemen-
tary data in the online version of this article, http://dx.doi.org/
10.1080/17453674.2020.1818175
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SBJ and BWR did analysis of the radiologic examinations. BWR and MRA
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The Impact of Posterior Malleolar Fixation

on Syndesmotic Stability

ABSTRACT

Background: Trans-syndesmotic fixation with suture buttons (SBs), posterior malleolar
fixation with screws, and anterior inferior tibiofibular ligament (AITFL)\augmentation using
suture tape (ST) have all been suggested as potential treatment§ inthe setting of a posterior

malleolar fracture (PMF). However, there is no consensus @n,the optimal treatment for PMFs.

Purpose: The purpose of this study was to detérmine“which combination of 1) trans-
syndesmotic SBs, 2) posterior malleolar sgrews,”and 3yAITFL augmentation using ST best

restored native tibiofibular and ankle joint Kinematies following 25% and 50% PMF.

Study Design: Controlled LaberatoryStudy.

Methods: Twenty cadavericlowerdeg specimens were divided into two groups (25% or 50%
PMF) and underwent_biomechanical testing using a 6-degrees-of-freedom robotic arm in 7
states: 1) Intact, 2) syndesmosis injury with PMF, 3) trans-syndesmotic SBs, 4) trans-
syndesmotic SBs +/AITFL augmentation, 5) trans-syndesmotic SBs + AITFL augmentation +
posterior malleolar screws, 6) posterior malleolar screws + AITFL augmentation, 7) posterior
malleolar screws. Four biomechanical tests were performed at neutral and 30 degrees of
plantarflexion: 1) External rotation, 2) internal rotation, 3) posterior drawer, 4) lateral drawer.
The position of the tibia, fibula, and talus were recorded using a 5-camera motion capture

system.
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Results: With external rotation, posterior malleolar screws with AITFL augmentation resulted
in best stability of the fibula and ankle joint. With internal rotation, all repairs that included
posterior malleolar screws stabilized the fibula and ankle joint. Posterior and lateral drawer
resulted in only small differences between the intact and injured states. No differences were

found in the efficacy of treatments between 25% and 50% PMFs.

Conclusion: Posterior malleolar screws resulted in higher syndesmotic stability compared to
trans-syndesmotic SBs. AITFL augmentation provided additional externalretational stability
when combined with posterior malleolar screws. Trans-syndesmotic SBS did notjprovide any

additional stability and tended to translate the fibula medially.

Clinical relevance: Posterior malleolar fixation with AITRRaugmentation using ST may be
the preferred surgical method when treating patients withyacute“ankle injury involving an

unstable syndesmosis and a PMF of 25% or lafger.

Key terms: Posterior malleolar fraetuse, ‘Syndesmosis injury, suture button, syndesmotic

stability

What is known about the, subject: The posterior inferior tibiofibular ligament (PITFL)
attaches to the posteriormalleolus and provides significant stability to the syndesmosis. It has
been suggested that fixation of the PMF may restore the tension of the intact PITFL and
stabilize the syndesmosis without need for trans-syndesmotic fixation. Nevertheless, trans-

syndesmotic fixation has remained the gold standard of treatment for syndesmotic instability.

What this study adds to existing knowledge: This study is a laboratory study which compares
tibiofibular and ankle joint kinematics following trans-syndesmotic fixation with SBs and

posterior malleolar fixation with screws of an ankle injury involving an unstable syndesmosis
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44 and a PMF of 25% or 50%. The study suggests an advantage to posterior malleolar fixation.

45  AITFL augmentation using ST provided additional external rotational stability.
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INTRODUCTION

Ankle fractures involve the posterior malleolus in 7-44% of cases and are associated with worse
functional outcome compared to ankle fractures without a PMF.83 The posterior inferior
tibiofibular ligament (PITFL) attaches to the posterior malleolus and provides significant
stability to the syndesmosis.® A posterior malleolar fracture (PMF) may therefore result in
syndesmotic instability even when the PITFL remains intact.X® Furthermore, fixation of the
PMF may restore the tension of the intact PITFL and stabilize the syndesmaesis without need
for trans-syndesmotic fixation.!® This concept has been supported by [clinicalistudies.31":2!
Nevertheless, trans-syndesmotic fixation has remained the gold standard ‘ofgtreatment for

syndesmotic instability.*

Presently, suture buttons (SBs) are frequently used for trans-syndesmotic fixation. Compared
to syndesmotic screws, they allow for physielegic metion of the syndesmosis with reduced
need for implant removal, and improved\fuhctional result,has been reported.*® However,
concerns regarding inadequate syndesmotic stability with increased rotation and sagittal
motion of the fibula have generated interest for anterior inferior tibiofibular ligament (AITFL)
augmentation,>31-3336 Improwed stability has been demonstrated with syndesmotic fixation and
AITFL augmentation‘e@mpared, to syndesmotic fixation alone in biomechanical studies.3>% In
the presence of a PMF, fixation of the posterior malleolus combined with AITFL augmentation

may be an appealingalternative.

The aim of this biomechanical study was to compare syndesmotic stability after posterior
malleolar fixation with screws and after trans-syndesmotic fixation with SBs. The two surgical
methods were compared individually and with AITFL augmentation. It was hypothesized that

there was no difference in syndesmotic stability between the two methods.
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MATERIALS AND METHODS

Specimen Preparation

Twenty unpaired cadaveric lower leg specimens, all male with mean age 55 years (range, 23
to 64) and no known history of foot or ankle injury, surgery, or pathology, were obtained for
this study. Specimens with obvious deformity or poor bone quality were excluded. The
cadaveric specimens used in this study were donated to registered tissue/anks for the purpose
of medical research and acquired by our institution. Institutional review joard, approval was
not required because de-identified cadaveric specimens are exempt from review at our

institution.

The specimens were stored at -20°C and thawed at room, temperature, once for dissection and
once for testing. During dissection, all skin, subgutaneous tissue, and muscles were removed
proximal to the foot, leaving syndesmotic ligaments, ankle ligaments, and joint capsule intact.
The medial aspect of the proximal tibiawasembedded in a’semicircular mold of polymethyl
methacrylate (PMMA, Fricke Dental, Streamwood, IL, USA) to preserve the proximal

tibiofibular joint.

The foot was rigidly:Seeured to a pedestal using a custom fixture equipped with a 6-axis
universal force/torgue sensor (ATI Industrial Automation, NC, USA). Two threaded rods and
2 wood screws werg inserted into the calcaneus with the subtalar joint in neutral position, and
nuts and washers secured the rods to the foot and fixture. Additionally, 2 K-wires were used to
stabilize the anterior portion of the foot. The potted tibia was mounted to the end effector of a
6-degrees-of-freedom robotic arm (KR 60-3; KUKA Robotics, Augsburg, Germany) with
neutral orientation of the tibia in the coronal, sagittal, and axial plane using previously validated

methodology.
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Surgical Technique

Each specimen was tested in 7 states (Figure 1): 1) Intact, 2) syndesmaosis injury with PMF, 3)
trans-syndesmotic SBs, 4) trans-syndesmotic SBs + AITFL augmentation, 5) trans-
syndesmotic SBs + AITFL augmentation + posterior malleolar screws, 6) posterior malleolar
screws + AITFL augmentation, 7) posterior malleolar screws. The order of fixation with trans-
syndesmotic SBs and posterior malleolar screws was randomized. All cuts and repairs were

performed by an orthopaedic resident (IKS).

>

Intact

Syndesmosis injury with
State 2 PMF (FLR 25%)

Syndesmosis injury with
PMF (FLR 50%)

(n=10) (n=10)

Posterior malleolar

Trans-syndesmotic

Posterior malleolar

Trans-syndesmotic

State 3 fixation with screws fixation with SBs fixation with screws fixation with SBs
(n=5) (n=5) (n=5) (n=5)
AITFL augmentation AITFL augmentation AITFL augmentation AITFL augmentation
State 4 with ST with ST with ST with ST
(n=5) (n=5) (n=5) (n=5)
Trans-syndesmotic Posterior malleolar Trans-syndesmotic Posterior malleolar
State 5 fixation with SBs fixation with screws fixation with SBs fixation with screws
(n=5) (n=5) (n=5) (n=5)
State 6 Removal of screws Removal of SBs Removal of screws Removal of SBs
(GER)) (n=5) (n=5) (n=5)
State 7

Figure 1: The flow

states.

Syndesmosis Injury with PMF

t demonstrates the steps that were made to achieve each of the 7 test

A syndesmosis injury, including sectioned AITFL, interosseous tibiofibular ligament (ITFL),
and interosseous membrane (IOM), and a PMF with the intact PITFL attached was created in

each specimen. This injury pattern is often seen in Weber C fractures and results in syndesmotic
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instability. The fibula was left intact, simulating a rigid fixation of the Weber C fracture.
Additionally, the deltoid ligament was left intact, simulating an ideal ligament repair. These
choices were made to study the repair of the PMF and syndesmosis without confounding
variables resulting from repair of the commonly associated fibula fracture and deltoid ligament

injury.

A 3D printed cutting guide was made to create a PMF classified as Mason type 2A (Mason),*®
a posterolateral fragment frequently seen in Weber C injuries (Figure 2a andi2b).3 In previous
reports, 70% of Mason type 2A fractures have been associated with syndesmoti¢ instability.'*
The fracture was located posterolateral with an axial angle of 24 degrees-atithe level of the
tibial plafond and a sagittal angle of 17.5 degrees, measurements previously reported on CT
scans of PMFs.138 Additionally, each specimen wasg#andomlyassigned to a fragment length
ratio of either 25% or 50%, with 10 ankles in each'group.®” The width of the tibia in relation to
the total width of the tibia and fibula was digitally measured.on CT scans of 24 paired uninjured
lower legs, on axial views at the level@fithe tibialplafond, and was found to be mean 71% (SD
= 3%). Therefore, the medial-to-lateral position of the guide for the fracture to exit in the fibular
notch was set to 71% of the tibia/fibula width. The anteroposterior (AP) length and medial-to-
lateral width of eaeh, specimen“were measured with manual calipers at the level of the tibial

plafond.
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B Axial Plane at the Tibial Plafond l

/ \ X 21" Axial Angle
- -b]‘ b >4

 OSCILLATING SAW
(1 mm thickness)

i

g
[
&0
a

NEUTRAL AXIS
THROUGH TIBIA OSCILLATING SAW

(1 mm thickness)

21" Axial Angle Superior

Figure 2a and 2b: The figures illustrate the creation of the P

UUsing an

oscillating saw. Figure 2a demonstrates the anterolater the distal tibia and fibula

and Figure 2b demonstrates the axial plane of the dista ibula at the level of the tibial

of the PMF was started proximally with a 13 mm wide oscillating
saw. The fracture completed with an osteotome into the ankle joint after the guide had
been removed (Figure 4). Thereafter, the AITFL and ITFL (distal 5 cm) were sectioned with a
scalpel. Care was taken to leave the PITFL intact and attached to both the fibula and posterior

malleolar fragment.
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Figure 3: The figure demonstrates the cutting guide fixed to the ti

’. -
Figure 4: The figur>demonstrates the ankle with a 50% PMF.

After completed testing, the tibiotalar joint was disarticulated and the actual size of the
posterior malleolar fragment was measured with manual calipers. The fragment size was
reported as the AP distance of the fragment in relation to the AP distance of the tibial plafond

at the fibular incisura.
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Trans-Syndesmotic Fixation with SBs:

Trans-syndesmotic fixation consisted of 2 SBs (TightRope®, Arthrex Inc., Naples, FL, USA)
inserted from lateral to medial according to the manufacturer’s technique guide. Two SBs have
been recommended in the treatment of Maisonneuve fractures.” The SB tunnels were predrilled
before the PMF was completed, to avoid malreduction of the syndesmosis. The first tunnel was
placed parallel and 2 cm proximal to the tibial plafond, directed 30 degrees anterior to the
coronal plane. The second tunnel was placed 1 cm proximal to the first, divergently angled 15
degrees posterior to the trajectory line of the first tunnel. The angles were verified using a
goniometer. After the PMF was completed, the syndesmosisfwas reducedgwith manual

compression before the SBs were inserted and tensioned appfopriately.?

Posterior Malleolar Fixation with Screws:

Before the PMF was completed with the osteotome, twort.6 mm K-wires were inserted into
the posterior malleolus perpendicularste,the fracturé plane,/and the screw holes were drilled
with a 2.6 mm cannulated drill bity This was to avoid malreduction of the fragment. After
completion of the PMF, thg posterior malleolar fragment was fixed with 2 partially threaded
cannulated screws,with diameter4.0' mm and length 36 mm placed from posterior to anterior

using standard AD teghnique.

AITFL Augmentatiomwith ST:

AITFL augmentation was performed using a suture tape (ST) with bone anchors
(InternalBrace™, Arthrex Inc., Naples, FL, USA) inserted according to the manufacturer’s
technique guide. At Chaput’s tubercle, the hole was placed within the footprint of the AITFL
and angled slightly cephalad and medially, away from the tibiotalar and tibiofibular joint.

During drilling, care was taken to not interfere with the posterior malleolar screws. The hole
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was tapped before insertion of a 4.75-mm BioComposite suture anchor (SwiveLock®, Arthrex
Inc., Naples, FL, USA) loaded with a ST (FiberTape®, Arthrex Inc., Naples, FL, USA). The
tunnel through the fibula was started within the AITFL footprint at the Wagstaffe’s tubercle,
drilled horizontally and parallel to the long axis of the fibula. The hole was tapped, and a 3.5-
mm BioComposite suture anchor (SwiveLock®, Arthrex Inc., Naples, FL, USA) was inserted
with appropriate tension of the ST by adding just under the length of the suture anchor when

pulling it through the eyelid.

Biomechanical Testing:

Biomechanical testing consisted of 4 tests under a constant 100-N axiél compression load, each
performed at neutral and 30 degrees of plantarflexion: 1)*8,Nm external rotation, 2) 5 Nm
internal rotation, 3) 88 N posterior drawer, 4) 88 N lateral'drawer.“Additionally, each specimen
was tested with only the compressive loadgat neutral apkle orientation to measure the

tibiofibular position at rest.

Motion Capture:

A system of 5 Miqus motion, capture cameras (Qualysis AB, Goteborg, Sweden) was used to
track the motion 0f3D=printed reflective marker clusters drilled into each bone (Figure 5). A
coordinate measurinlg machine (Romer Absolute Arm, Hexagon Metrology, North Kingstown,
RI, USA) was used to”locate anatomic landmarks on the tibia, fibula, and foot to establish joint
coordinate systems, as described in the SimVitro software (SImVITRO, Cleveland, OH, USA).
The location of each marker cluster was relayed to the anatomic coordinate frame by digitizing
the location of the markers with the same coordinate measuring machine. Sagittal translation,
rotation, and coronal translation of the fibula in addition to talar motion in relation to the tibia

were recorded.
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ects (LME) models were used to compare

Statistical Analysis:

Separate random-intercepts
experimental conditions foreach combination of fragment size, robotic test, and measurement
type. For each sible covariance structures were considered to reflect the
repeated measu imental design (zero within-group covariance, autoregressive,
compound symme exponential, spherical and unstructured). The covariance structure
resulting in the smallest Bayesian Information Criterion (BIC), while also producing acceptable
residual diagnostics, was chosen as the final model.* Estimated marginal means were reported
and Tukey’s method was used to make all pairwise comparisons among the states. Residual
diagnostics were inspected to ensure model fit and that assumptions were met. Tukey adjusted

p-values less that 0.05 were considered statistically significant. The statistical software R

version 4.0.3 was used for all plots and analyses. 62526
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Statistical power was considered prior to experimental testing. For a 2-tailed repeated measures
comparison of external rotation of the fibula between posterior malleolar fixation with screws
and trans-syndesmotic fixation with SBs, and assuming an alpha level of 0.05, 10 specimens
were sufficient to detect an effect size of Cohen’s d = 1.0 with 80% statistical power. This is
comparable to previously reported effect sizes in the biomechanical literature.>3! In total, 20
specimens were included in this study, with 10 specimens in each of the two fragment size

groups.

RESULTS

Specimens

Only 8 specimens were included in the group with’60% PMFs because 2 specimens were
considered as outliers and excluded due ta\abhormal testing, that was not consistent with the

rest of the group.

Fragment characteristics

The measured 'meamssize of the posterior malleolar fragment was 26% (SD = 4) in the 25%

PMF group and 44% (SD =/6) in the 50% PMF group.

Compressive load at neutral ankle orientation

With both 25% and 50% PMFs, compressive load at neutral ankle orientation resulted in <1.2
mm fibular translation and <1.7 degrees fibular rotation in the injured and repaired states

compared to the intact state.

External rotation test
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At neutral ankle orientation, the 25% PMFs demonstrated mean 5.5 mm posterior translation,
4.7 degrees external rotation, and 0.6 mm medial translation of the fibula, and 7.1 degrees
external rotation of the talus compared to the intact state, which were all statistically significant
(Supplemental file: Table 1). All states, except SBs only, significantly reduced posterior
translation of the fibula towards normal, and all states with ST were not significantly different
from the intact state (Figure 6a). Additionally, all states, except SBs only, significantly reduced
external rotation of the fibula towards normal, and screws + ST and screws + ST + SBs were
not significantly different from the intact state. Screws only and screws™+ ST, significantly
reduced medial translation of the fibula towards normal and were _not significantly different
from the intact state; however, the differences between all states were small. Finally, all states,
except SBs only, significantly reduced external rotation of theytalus towards normal; however,
only screws + ST and screws + ST + SBs were not significantly different from the intact state

(Figure 6b).

Comparable results, but with smallepmagnitudesswere found with 25% PMFs and 30 degrees
of plantarflexion (1.9 mm posteriantranslation, 1.8 degrees external rotation, and 0.5 mm
medial translation of the filula, and 1.9 degrees external rotation of the talus. p<.001, p<.001,
p=.002, and p<.004; respectively)."Best restoration of posterior translation of the fibula was
seen in states with SF, external rotation of the fibula with screws + ST, and medial translation
of the fibula with serews only. Best restoration of external rotation of the talus was seen with

screws + ST and screws + ST + SBs.

The 50% PMFs at neutral ankle orientation demonstrated similar results, but with greater
magnitudes than the 25% PMFs (7.0 mm posterior translation, 5.5 degrees external rotation,
and 0.9 mm medial translation of the fibula, and 6.6 degrees external rotation of the talus,

p<.001 for all comparisons).
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Internal rotation test

At neutral ankle orientation, the 25% PMFs demonstrated mean 1.8 mm anterior translation of
the fibula, 1.2 degrees internal rotation of the fibula, and 1.8 degrees internal rotation of the
talus, which were all statistically significant from the intact state (Supplemental file: Table 2).
No significant difference in fibular translation was found in the coronal plane. All states with
screws were significantly different from the injured state and comparable to the intact state
when looking at anterior translation of the fibula (Figure 6c), internal rotatianyof the fibula, and
internal rotation of the talus (Figure 6d). Small differences were found in coronahtranslation,
although a significant medial translation of the fibula was seen with"SBs only'and'screws + ST
+ SBs compared to the intact and injured states. No signifieant difference' was found between

screws only and screws + ST in any of the motions.

Comparable results, and with greater magnitudes, were,found with 25% PMFs and 30 degrees
of plantarflexion (1.9 mm anterior translation/of the fibula;:2:0-degrees internal rotation of the
fibula, and 2.8 degrees internal rotation ef the talus, p<.001 for all comparisons). Best
restoration of anterior translation’andinternal rotation of the fibula and the talus were found in
states with screws, and smalhdifferences in coronal translation were found with a significant
medial translation of‘theyfibula with screws + ST + SBs compared to the intact (0.4 mm,

p=.048) and injured (0.5 mm, p<.001) states.

The 50% PMFs at neutral ankle orientation demonstrated comparable results as the 25%
fragments (1.8 mm anterior translation of the fibula, 1.6 degrees internal rotation of the fibula,
and 1.8 degrees internal rotation of the talus, p<.001 for all comparisons). All states with screws
significantly returned internal rotation of the talus to the intact state; however, anterior
translation of the fibula was not significantly different from the intact state only with screws +

ST and screws + ST + SBs (screws only: -0.6 mm, p=.011; screws + ST: -0.6 mm, p=.060;
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screws + ST + SBs: -0.5 mm, p=.210). Furthermore, screws + ST and SBs + ST returned
internal rotation of the fibula closest to the intact state (screws + ST: -0.7 degrees, p=.077; SBs
+ ST: 0.5 degrees, p=.382). A significant medial translation of the fibula was seen in all states
with SBs compared to the intact (SBs only: 1.0 mm, p=.023; SBs + ST: 1.0 mm, p=.033; screws
+ ST + SBs: 1.1 mm, p=.011) and injured (SBs only: 1.1 mm, p=.011; SBs + ST: 1.0 mm,

p=.016; screws + ST + SBs: 1.2 mm, p=.005) states (Figure 6e).

Test: External Rotation, Neutral Test: External Rotation, Neutral Test: Internal Rotation, Neutral
) eeeeeeeeeeeeeeeeeee Transiation b) Measure: Tib-Talar Kinematics C) weasure: Ti ib-Fib Anterior Translation
Size: 25% PMF Size: 25% PMF

] + : :
# » # #

A 4 A A
c ! 1 } 9 §
) M 1 —1= 5 sof :
¥ ] . 2
3 = =+ = ' % 4 &= 1
: ! e il e '
- o . i H : S
£ g 1 - e =
€ 1 £ ] {

< 4

s . .

d) Test: Internal Rotation, Neutral ) Test: Internal Rotation, Neutral
M
S

Measure: Tib-TalarKinematies &) Measure: Tid Fib Lateral Translation
Size: 25% PMF ize: 50% PMF

n (mm)

o
H 15
i
1
b
1
Rotation (deg

.4
ih

mal R (deg
5 [ ¢ R
(BN
11
| BPRERE ] § SR
i sme
. »—+:‘i’r—o—n> +
|
Lateral Translati
l]
[1
tebe
e
m‘

Figure 6a-e: Box plot graph§ demonstrating a) anterior translation of the fibula in relation to
the tibia during the externalyotation test with neutral ankle orientation and 25% PMF, b)
internal rotationof the talus,in relation to the tibia during the external rotation test with neutral
ankle orientation and 25% PMF, c) anterior translation rotation of the fibula in relation to the
tibia during the internal rotation test with neutral ankle orientation and 25% PMF, d) internal
rotation of the talus in relation to the tibia during the internal rotation test with neutral ankle
orientation and 25% PMF, and e) lateral translation of the fibula in relation to the tibia during
the internal rotation test with neutral ankle orientation and 50% PMF.

* Significant difference compared to intact state.

+ Significant difference compared to screws.
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# Significant difference compared to screws + ST.
A Significant difference compared to screws + ST + SBs.
o Significant difference compared to SBs + ST.

m Significant difference compared to SBs.

Posterior drawer test

With 25% PMFs, minor differences were seen between the states with pesterior drawer, both
in neutral and 30 degrees of plantarflexion. Although some states were significantly different
statistically, the differences were <1 mm and <2 degrees, and likely to be elinicallyrrelevant.
Greater magnitudes were seen with 50% PMFs with a statisticdlly significant posterior
translation of the fibula, external rotation of the fibula, andyposterior translation of the talus
compared to the intact state (Supplemental file: Table3)."Serews+'ST and screws + ST + SBs
returned posterior translation of the fibula togthe intact state. None of the repairs returned
external rotation of the fibula or posterior tranSlation of the'talus to the intact state. States with

SBs resulted in a significant medial translation of the fibula compared to the intact state.

Lateral drawer test

With both 25% and"50%,PMFs, minor differences were seen between the states with neutral
ankle orientationi@nd lateral drawer. Although some states were significantly different

statistically, the differénces were <1.2 mm and <2 degrees, and likely to be clinically irrelevant.

With 25% PMFs and 30 degrees of plantarflexion, greater magnitudes were seen
(Supplemental file: Table 4). The injured state demonstrated significant anterior translation of
the fibula compared to the intact state, and states with screws significantly returned the anterior
translation and were not different from the intact state. Also, the injured state demonstrated a

significant lateral translation of the talus compared to intact state that was reduced in states
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with screws. SBs only and screws + ST + SBs resulted in a significant medial translation of the
fibula compared to the intact and injured states. Small differences were seen in rotation of the

fibula.

DISCUSSION

In contradiction to our hypothesis, posterior malleolar fixation with screwsyesulted in higher
syndesmotic and ankle stability compared to trans-syndesmotic fixation with SBsyOverall, the
stability with SBs only was poor. Posterior malleolar screw fixatiomWwith AITEL.augmentation
restored syndesmotic and ankle kinematics during exterpalerotation of the foot better than
posterior malleolar screw fixation alone. Minor differencestwereyfound in the efficacy of
treatments between 25% and 50% PMFs. Theseindingsisuggest that posterior malleolar

fixation with AITFL augmentation providesthe.most stable situation in syndesmosis injuries.

Syndesmosis malreduction has been reported to"be the most important negative predictor of
outcome after ankle fractures®®pand isyassociated with osteoarthritis and worse functional
result.>?8 With sequential sectioning of the syndesmosis and deltoid ligament, Hunt et al.*?
found a significant“inerease and a posterolateral shift of tibiotalar contact pressure after the
ITFL and transverse ligament had been sectioned. Only 1 mm of talar translation may decrease
tibiotalar contact area by up to 42% and predispose to posttraumatic osteoarthritis.?’
Consequently, reduction and stabilization of the syndesmosis is key to achieving the optimal

clinical outcome.

Traditionally, syndesmosis injuries have been treated with trans-syndesmotic screw fixation.
Due to a high risk of malreduction and need for implant removal, trans-syndesmotic fixation

using SB has become increasingly popular, allowing for more physiologic motion of the
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syndesmosis and better functional outcome compared to screw fixation.>® However, even
though SBs have shown tibiotalar contact pressure that is closer to the intact state compared to
screws,?? both 1 and 2 SBs have demonstrated inadequate stabilization of the fibula in the
sagittal and axial plane compared to the intact state.>223 These findings were supported in the
present study, where SBs only demonstrated increased posterior translation and external
rotation of the fibula in the external rotation test and increased anterior translation and internal
rotation of the fibula in the internal rotation test. Although it is sdnknown how much
syndesmotic stability is required for anatomic syndesmosis healing, inadequate,stability may

lead to increased scarring, pain, and reduced ankle function.

More recently, AITFL augmentation has been suggested to’restore _anatomic restraint of the
syndesmosis which may increase resistance to sagittalsfibular translation and rotation while
still maintaining a dynamic construct.3%323¢ In a partial syndésmosis injury model with intact
PITFL, SB with ST augmentation and ST/only dermonstrated syndesmotic stability that was
comparable to the intact state with doFsiflexionginVersion, and external rotation of the foot.3!
Contrary, SB only was significantly, different from the intact state. Although a complete
syndesmosis injury was created in the present study, all states with ST demonstrated highest
syndesmotic stability_in the external rotation test in terms of posterior fibular translation.
Additionally, screwsf+ ST and screws + ST + SBs were not significantly different from the
intact state in terms\of, external rotation of the fibula and the talus. Our results are consistent
with the previous literature,3:323 demonstrating that AITFL augmentation may provide

additional syndesmotic stability with external rotation of the foot.

Recent studies have suggested that posterior malleolar fixation may restore the tension of the
PITFL and thereby stabilize the syndesmosis, obviating the need for trans-syndesmotic

fixation. Gardner et al.'° created an injury simulating a PER Stage 4 injury in 10 cadaveric
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specimens, including a 5 mm thick posterior malleolar fragment and cut deltoid ligament,
AITFL, and IOM. The specimens had either PMF fixation with a screw or trans-syndesmotic
fixation with a 3.5 mm tricortical screw. With external rotation of the foot, posterior malleolar
fixation restored 70% of the ankle stiffness compared to 40% with trans-syndesmotic fixation.
Clinical studies have reported a reduced need for syndesmotic fixation after posterior malleolar
fixation.3"2* Miller et al.?! reported that 2% of the patients had syndesmotic instability after
fixation of the PMF compared to 27% without PMF fixation. Baumbachiet al.® reported that
only 25% of the patients required trans-syndesmotic fixation after postefiorimalleolar plate
fixation compared to 61% after AP screws and 63% after no fixation,\with ng“impact of
fragment size (smaller or larger than 25%) in each group. Mean fragment sizes in the respective
groups were 24.7%, 30.3%, and 15.6% of the tibial plafond= Additionally, plate fixation had a
significantly better reduction compared to AP sgrews andyno fixation. Other studies have
reported comparable radiographic syndesmaosisireduction apd functional score with posterior
malleolar fixation and syndesmotic fixatigh.’®>?° Even theugh the results after posterior
malleolar fixation have been promising, trans-syndesmotic fixation has remained the gold

standard for treating these igfjuries.t

In this study, compressive load“at'neutral ankle orientation resulted in only small changes in
fibula motion in thednjured;and repaired states, indicating that none of the procedures pulled
the fibula away from its natural resting position. In the internal rotation test, posterior malleolar
screw fixation alone returned translation and rotation of the fibula and talus to the intact state.
However, in the external rotation test, screws only were not sufficient. Of note, we found that
trans-syndesmotic fixation with SBs only did not restore fibular or talar motion, neither with
external nor internal rotation of the foot. In fact, SBs tended to translate the fibula medially,
thereby compressing or over reducing the syndesmosis. Overreduction with SBs has also been

reported in previous studies?®; however, since the SBs may sag over time, the clinical
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implication of overreduction is unknown.?* Augmentation with ST ensured syndesmosis
integrity by anatomical restoration of 2 of the 3 syndesmotic ligaments: the PITFL and AITFL
with posterior malleolar screws and ST, or the ITFL/IOM and AITFL with SBs and ST,
respectively. In the external rotation test, ST provided additional stability to both screws and
SBs; however, best stability was seen with screws and ST. In the internal rotation test, no
additional stability was provided by ST with 25% PMFs, neither with screws nor SBs. With
50% PMFs, screws and ST was the only fixation that was not significantly different from the
intact state, although all states with screws provided stability that was closér to.the intact state.
The low number of specimens with 50% PMFs may explain why screws only and serews with
ST and SB did not return the motions to the intact state. Intefestingly, jrestoration of all 3
syndesmotic ligaments, including posterior malleolar screwsyfor PITFL, ST for AITFL, and
SBs for ITFL/IOM, did not provide additional stabilityto, the syndesmosis or ankle joint

compared to posterior malleolar screws and ST

The impact of the PMF on the symn@esmosiSghas been explored to a limited extent. In a
biomechanical study, Fitzpatrick et'ak’® reported posterior and lateral displacement of the fibula
in the incisura after PMFs had been fixed in malreduction. This demonstrates the importance
of anatomic redugtien of the PME*for syndesmosis reduction. Jayatilaka et al.** showed that
the PITFL insertiongis broad, extending up to 58 mm proximal to the tibiotalar joint and
blending with the posterior tibial tendon sheath medially. They also found that syndesmotic
instability was present more frequently in Mason type 2A compared to 2B fractures, indicating
that a portion of the PITFL surrounding the fragment must be avulsed from the tibia for
syndesmotic instability to occur in type 2A fractures. In the present study, only the PITFL that
was attached to the posterior malleolar fragment was left intact, resulting in syndesmotic
instability in all specimens regardless of fragment size. In agreement with Jayatilaka et al.,'*

this suggests that the size of the PMF may be irrelevant when evaluating syndesmotic stability.
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Furthermore, fixation of the fragment significantly improved syndesmotic stability in all
specimens, suggesting that only a portion of the PITFL needs to be reattached to the tibia to
restore syndesmotic stability. Therefore, we recommend posterior malleolar screw fixation (or
a posterior plate®*) for all PMFs with fragment length ratio of 25% or larger to restore PITFL

tension and subsequently syndesmotic and ankle joint stability.

We acknowledge the limitations of the present study. This is a time zero cadaveric study where
the ankle injury and surgical treatment do not directly translate to clinicalypractice, and the
rehabilitation and tissue healing is not considered. All soft tissues, except ligaments, were
removed to facilitate accurate and reproducible injuries and repairs.”A standardized injury
model with intact fibula and deltoid ligament was created telimit the number of confounding
variables. Another limitation is that the fragment lengthsratio was,used to create 25% and 50%
PMFs. The correlation between fragment length/ratio and fragment size measured on lateral
plain radiographs has, to our knowledge, mot been examined previously. However, fragment
size on axial CT scans, calculated as®a percentagefof fragment involvement in relation to the
fibula incisura, has been demonstrated to be in poor agreement with fragment size on lateral
plain radiographs.® This implies thatithe size of the PMFs in the present study was not directly
transferable to lateral plain ‘radiographs. However, due to low inter- and intraobserver
reproducibility repasted onlateral plain radiographs,3 other measurements for determining
surgical indication'should be considered in the future. Furthermore, the present study was
designed to examine how to best stabilize the syndesmosis with presence of a PMF. As both
fragments had a fragment length ratio of at least 25%, no conclusions can be drawn for PMFs
with a fragment length ratio smaller than 25%. Cyclic testing over time was not included in the

test protocol, and the durability of the constructs could not be examined.
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In conclusion, posterior malleolar screws resulted in higher syndesmotic stability compared to
trans-syndesmotic SBs. AITFL augmentation provided additional external rotational stability
when combined with posterior malleolar screws. Trans-syndesmotic SBs did not provide any
additional stability and tended to translate the fibula medially. Posterior malleolar fixation with
AITFL augmentation using ST may be the preferred surgical method when treating patients

with acute ankle injury involving an unstable syndesmosis and a PMF of 25% or larger.
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