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Abstract

Deciding between surgery and nonoperative treatment is a key question when evaluating patients
with ankle fractures. In short-term follow-up, the stability-based classification can reliably predict
the need for surgery, but little is known of possible long-term problems. When surgery is needed,
older patients with comorbidities pose a particular challenge, as high rates of complications are
associated with plate fixation. The introduction of mini-invasive fibular intramedullary nailing
(IMN) has lowered the complication rates, but the efficacy of IMN in high-risk patients remains
uncertain.

The aims of this thesis were 1) to assess the long-term functional and radiological outcomes,
complications and development of osteoarthritis (OA) after stability-based treatment of ankle
fractures; 2) to assess the long-term functional outcomes after treatment of isolated medial
malleolar fractures (IMMF); and 3) to evaluate the safety of fibular IMN in patients at high risk
for wound complications. The primary outcome measure was the Olerud-Molander Ankle Score
(OMAS) and secondary outcome measures included the RAND 36 health questionnaire and
complication rates.

After a mean follow-up of 12 years, the mean OMAS was 92 for 85 patients with stable ankle
fractures treated nonoperatively and 84 for 75 patients treated surgically. No patients with
fractures deemed stable needed surgery during follow-up. Development of OA was common
(56%) in patients with unstable fractures. After a mean of 9.5 years after treatment of 113 patients
with IMMF, the mean OMAS was 87 for nonoperatively and 85 for operatively treated patients,
but the initial fracture displacement (≥ 2 mm) was an independent risk factor for lower scores in
both groups. The quality of life was similar to the normal population in both studies. No infection
complications occurred after a minimum of 2 years of follow-up in 41 high-risk ankle fracture
patients treated by meticulous soft tissue evaluation, possible staged treatment with additional soft
tissue procedures and IMN.

In conclusion, the stability classification reliably guides the choice between operative and
nonoperative treatments. Unstable fractures and IMMFs with > 2 mm displacement are more
severe injuries and have poorer functional outcomes. Fibular IMN with possible staged treatment
provides a safe choice for high-risk patients if surgery is needed.

Keywords: ankle fracture, fibular nailing, functional outcome, intramedullary nailing,
long-term outcome, radiological outcome, stability classification
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Tiivistelmä

Nilkkamurtumapotilaita hoidettaessa hoitolinjan valinta on yksi tärkeimmistä kliinisistä kysy-
myksistä. Lyhyessä seurannassa murtuman stabiliteettiluokittelu ennustaa luotettavasti mahdolli-
sen operatiivisen hoidon tarpeen, mutta pitkän seuranta-ajan tulokset puuttuvat. Erityisen haas-
teen muodostavat iäkkäät, monisairaat potilaat, joiden leikkaushoitoon liittyy korkea riski komp-
likaatioille. Pohjeluun ydinnaulaus on kehitetty vaihtoehtoiseksi, mahdollisesti komplikaatioita
vähentäväksi leikkausmenetelmäksi, mutta teho on edelleen epävarma.

Tämän väitöskirjatyön tavoitteena oli 1. selvittää stabiliteettiluokitteluun perustuvan hoidon
pitkän seuranta-ajan toiminnallista ja radiologista lopputulosta sekä mahdollisia komplikaatioita
ja nivelrikon kehittymistä; 2. raportoida pitkän seuranta-ajan toiminnallista tulosta isoloitujen
sisäkehräsen murtumien jälkeen; ja 3. tutkia pohjeluun ydinnaulauksen toimivuutta korkean
komplikaatioriskin potilailla. Ensisijaisesti toiminnallista lopputulosta arvioitiin Olerud-Molan-
der-kyselyllä (OMAS), toissijaisina mittareina käytettiin RAND 36 terveyskyselyä, sekä kompli-
kaatiomääriä.

Keskimäärin 12 vuoden seuranta-ajan jälkeen OMAS pisteet olivat 92 85 stabiilin murtu-
man, ja 84 75 epästabiilin, leikkaamalla hoidetun nilkkamurtuman saaneella potilaalla. Kun nilk-
kamurtuma todettiin stabiiliksi, ei operatiiviseen hoitoon jouduttu seuranta-aikana. Nivelrikko-
muutokset olivat yleisiä (56%) epästabiilin murtuman saaneilla potilailla. Keskimäärin 9.5 vuo-
den seurannan jälkeen 113 sisäkehräsen murtuman saaneella potilaalla konservatiivisesti hoidet-
tujen potilaiden OMAS oli 87, leikkaushoidossa 85. Molemmissa ryhmissä murtuman alkuperäi-
sen dislokaation lisääntyminen (≥ 2 mm) johti huonompaan toiminnalliseen lopputulokseen.
Molemmissa tutkimuksissa elämänlaatu oli verrannollinen normaaliväestöön. Korkean riskin
potilailla ydinnaulaukseen, yhdistettynä huolelliseen pehmytkudosten arviointiin ja mahdolli-
seen vaiheistettuun hoitoon, ei liittynyt infektiokomplikaatioita.

Yhteenvetona voidaan todeta, että stabiliteettiluokittelu on luotettava hoitolinjan valinnassa.
Epästabiili nilkkamurtuma sekä > 2 mm dislokoitunut sisäkehräsen murtuma ovat vaikeampia
vammoja ja johtavat huonompaan toiminnalliseen lopputulokseen. Korkean riskin potilaille poh-
jeluun ydinnaulaus, tarvittaessa yhdessä vaiheistetun hoidon kanssa, on turvallinen leikkaushoi-
don vaihtoehto.

Asiasanat: nilkkamurtuma, pitkän seuranta-ajan tulos, pohjeluun ydinnaulaus,
radiologinen lopputulos, stabiliteettiluokitus, toiminnallinen lopputulos, ydinnaulaus
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1 Introduction 

Ankle fractures are one the most common injuries treated by orthopaedic surgeons 

(Court-Brown, McBirnie, & Wilson, 1998), and the decision-making between the 

nonoperative and operative treatment is one of the most important clinical 

questions when treating ankle fractures. The criteria for operative treatment among 

orthopaedic surgeons are varied, and many controversies regarding the diagnosis 

and treatment of ankle fractures are found (Coles et al., 2019; Kosuge, Mahadevan, 

Chandrasenan, Pugh, 2010; van Leeuwen et al., 2019a) 

The two most widely used ankle fracture classification systems, the Lauge-

Hansen (Lauge-Hansen, 1950) and Weber (Danis, 1949; Weber, 1972), are based 

on biomechanical, experimental and radiological findings, without taking into 

account the stability of the ankle mortise. In addition, neither the soft injury signs 

on the medial side nor the fibular fracture displacement are reliable predictors of 

instability (DeAngelis, Eskander, & French, 2007; Egol, Amirtharajah, Tejwani, 

Capla, & Koval, 2004; Gill, Risko, Raducan, Grimes, & Schutt, 2007; Harper, 1995; 

Michelson, Hamel, Buczek, & Sharkey, 2002; McConnell, Creevy, & Tornetta, 

2004; Schock, Pinzur, Manion, & Stover, 2007; Stufkens, van den Bekerom, Knupp, 

Hintermann, & van Dijk, 2012; Yde & Kristensen, 1980a). If the treatment is 

chosen without accounting for the stability of the ankle mortise, this might lead to 

undertreatment of unstable injuries or unnecessary surgery of stable fractures, 

thereby predisposing the patients to harm and complications (Coles et al., 2019; 

Kosuge et al., 2010; van Leeuwen et al., 2019a). Since the stability of the ankle 

mortise is not assessed, these classifications do not provide a comprehensive guide 

for choosing the treatment method (Brage, Rockett, Vraney, Anderson, & Toledano, 

1998; Craig & Dirschl, 1998; da Fonseca et al., 2017; Gardner, Demetrakopoulos, 

Briggs, Helfet, & Lorich, 2006b; Haraguchi & Armiger, 2009; Lindsjö, 1985a, 

Nielsen, Dons-Jensen, & Sørensen, 1990; Michelson, 1995; Michelson, Solocoff, 

Waldman, Kendell, & Ahn, 1997; Rasmussen, Madsen, & Bennicke, 1993; 

Thomsen, Overgaard, Olsen, Hansen, & Nielsen, 1991; Yin et al., 2015). The 

interobserver agreement of the Weber and Lauge-Hansen classifications is also 

poor (Briet et al., 2019; Kwon et al., 2015; Verhage, Rhemrev, Keizer, Quarles van 

Ufford, & Hoogendoorn, 2015). 

Based on biomechanical studies, the deep deltoid ligament is considered to be 

the main stabiliser of the ankle mortise. When it stays intact, the talus can move in 

a normal pattern, thereby allowing normal load distribution, and the ankle joint is 

considered stable (Calhoun, Li, Ledbetter, & Viegas, 1994; Close, 1956; 
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Gougoulias, Khanna, Sakellariou, & Maffulli, 2010; Lloyd, Elsayed, Hariharan, & 

Tanaka, 2006; Michelson, 2003; Phillips et al., 1985; Ramsey & Hamilton, 1976). 

On this biomechanical basis, a stability-based classification was introduced 

(Michelson, Magid, & McHale, 2007; Pakarinen, Flinkkilä, Ohtonen, & Ristiniemi, 

2011a) that simply classifies the ankle fractures as stable or unstable based on the 

stability of the ankle mortise. The goal of this classification is to separate the stable 

fractures for nonoperative treatment from the unstable fractures that obtain better 

functional and radiological outcome when treated operatively (Michelson et al., 

2007; Pakarinen et al., 2011a). Bi- and trimalleolar fractures, as well as 

unimalleolar fractures with talar dislocation, are classified as unstable (Michelson 

et al., 2007; Pakarinen et al., 2011a). Stress testing is advised for the isolated lateral 

malleolar fractures, when no talar displacement is evident on the initial plain 

radiographs (Michelson et al., 2007; Pakarinen et al., 2011a). The external rotation 

(ER) stress test has been proved reliable in finding the stable fractures (Egol et al., 

2004; Gill et al., 2007; Hoshino,  Nomoto, Norheim, & Harris, 2012; McConnell 

et al., 2004; Nortunen et al., 2014; Schock et al., 2007; Stufkens et al., 2012; 

Tornetta, Axelrad, Sibai, & Creevy, 2012). 

In a short-term follow-up, the stability-based treatment of ankle fractures has 

been shown to lead to good outcomes, and when the fracture has been deemed 

stable, no follow-up radiographs or conversion to operative treatment are needed 

(Delaney, Charlson, & Michelson, 2019; Holmes et al., 2016; Jain, Symes, 

Doorgakant, & Dawson, 2008; Kortekangas et al., 2019; Marchand et al., 2017; 

Martin, 2004; McConnell et al., 2004; Pakarinen et al., 2011a; Park, Kubiak, Egol, 

Kummer, & Koval, 2006; Seidel, Krause, & Weber, 2017; Weber, Burmeister, 

Flueckiger, & Krause, 2010). Still, long-term outcome results after stability-based 

treatment are lacking, and the frequencies of possible long-term complications, 

including late incongruity of the ankle joint and the development of osteoarthritis 

(OA), are unknown. 

The isolated medial malleolar fracture (IMMF) is a subtype of ankle fracture 

that has a varying classification: the Weber classification does not take the medial 

side into account (Danis, 1949; Weber, 1972), and even though the fractures are 

classified as Lauge-Hansen supination-adduction (SA) or pronation-external 

rotation (PER) injuries (Lauge-Hansen, 1950), the classification does not advise on 

the treatment method. Herscovici, Scaduto and Infante (2007) introduced a 

radiological classification for IMMFs (also used in the recent literature) which 

essentially states that, in a short follow-up, all IMMFs can be treated 

nonoperatively without complications, irrespective of the primary fracture 



 

19 

dislocation (Aitken, Johnston, Jennings, Chua, & Buckley, 2017; Herscovici et al., 

2007). Regardless of the classification system used, the long-term outcomes of this 

fracture type are also lacking. 

Complications are associated especially with the operative treatment of ankle 

fractures, and they also have a significant negative effect on the functional outcome 

(Höiness et al., 2001; Korim, Payne, & Bhatia, 2014; Schepers, De Vries, Van 

Lieshout, & Van der Elst, 2013; Ziegler et al., 2017). Wound dehiscence and 

surgical site infection (SSI) are the most common complications, with a risk of 1.4–

7.4% among unselected patients, and up to 32–40% in patients with risk factors 

such as age, diabetes mellitus (DM), other comorbidities and smoking (Flynn, 

Rodriguez-del Rio, & Pizá, 2000; Aigner, Salomia, Lechler, Pahl, & Frink, 2017; 

Belmont et al., 2015; Jones et al., 2005; Korim et al., 2014; Miller, Margules, & 

Raikin, 2012; Ovaska et al., 2013; Pincus et al., 2017; Soohoo et al., 2009; Sun 

et al., 2018; Wukich, Lowery, McMillen, & Frykberg, 2010). Mini-invasive fibular 

intramedullary nailing (IMN) techniques have been developed as a possible way to 

reduce the complication rate and to improve outcomes, especially in high-risk 

patients. The IMN reduces the need for surgical incision and dissection, and since 

it is an intramedullary (IM) device, it leaves no prominent hardware (Bugler et al., 

2012; White et al., 2016). Early fibular IMN designs had significant mechanical 

limitations that led to malunion and complications (Bugler et al., 2012), whereas 

the newer IMN designs have shown good mechanical properties in biomechanical 

studies (Smith, Mackenzie, Wallace, Carter, & White, 2017; Switaj et al., 2016) and 

good functional outcomes and low infection rates in short-term follow-up 

(Appleton, Mcqueen, & court-Brown, 2006; Ashman et al., 2016; Bugler et al., 

2012; Carter et al., 2019; Challagudla et al., 2018; Peeperkorn, Nijs, & Hoekstra, 

2018; White et al., 2016). Nevertheless, the previous studies included mixed patient 

populations; therefore, the effectiveness of fibular IMN, especially in high-risk 

patients, is still unknown. 

The aims of this thesis research were to test the stability-based classification in 

clinical use when treating ankle fracture patients and to provide long-term outcome 

data, as well as information on possible late complications, reoperations and the 

development of osteoarthritis (OA). A secondary aim was to report the long-term 

outcomes for isolated medial malleolar fractures. A further aim was to assess the 

efficacy of fibular IMN in reducing the rate of complications and improving the 

outcomes of patients at high risk for complications. 
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2 Review of the literature 

2.1 Functional anatomy and stability of the ankle joint 

Understanding the bony and ligamentous anatomy is the basis for evaluating the 

stability of the ankle joint and for choosing between treatment methods for ankle 

fracture. 

The ankle joint is an articulation of the distal surface of the tibia, the fibula and 

the dome of the talus. The main articulation, with 80–90% loading transmittal, is 

between the dome of the talus and the tibial plafond. The talus is conically shaped 

and wider anteriorly than posteriorly. During dorsiflexion, the talus externally 

rotates, and the increasing talar width forces the fibula to translate laterally and to 

rotate externally. During normal dorsal/plantarflexion, the talus rotates, and some 

inversion/eversion movement is seen (Boss & Hintermann, 2002; Calhoun et al., 

1994; Harper, 1987; Michelson et al., 2003; Milner & Soames, 1998; Pankovich & 

Shivaram, 1979a, 1979b). The rotation of the talus is 5–6 degrees in biomechanical 

studies, with little change in medial clear space (MCS) measurement, when the 

tibiotalar joint is axially loaded with normal weight-bearing (Beumer et al., 2003; 

Close, 1956; Lepojärvi, Niinimäki, Pakarinen, Koskela, & Leskelä, 2016). The 

normal axially loaded ankle joint has 32 degrees of dorsiflexion and 45 degrees of 

plantarflexion (Lindsjö, Danckwardt-Lillieström, & Sahlstedt, 1985a). 

 

Fig. 1. Anatomy of the ankle joint, anterior view. 
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The lateral side was previously suggested as the primary stabiliser of the ankle joint 

(Ramsey & Hamilton, 1976; Yablon, Heller, & Shouse, 1977), but many studies 

have since confirmed the medial side and the deltoid ligament as the primary 

sources of stability (Boss & Hintermann, 2002; Close, 1979; Earll, Wayne, 

Brodrick, Vokshoor, & Adelaar, 1996; Harper, 1995; Michelsen, Ahn, & Helgemo, 

1996; Michelson, Magid, Ney, & Fishman, 1992; Milner & Soames, 1998; 

Pankovich & Shivaram, 1979a; Pettrone, Gail, Pee, Fitzpatrick, & Van Herpe, 1983; 

Phillips et al., 1985). 

The medial malleolus has two colliculi, divided by a groove. The deltoid 

ligament consists of superficial and deep layers, with insertions from both colliculi 

of the medial malleolus to several insertion points in the navicular bone, talus, 

calcaneus and the spring ligament (Fig. 2). The superficial deltoid ligament 

originates from the anterior colliculus and inserts into navicular bone, calcaneus 

and the spring ligament. The deep part of the deltoid ligament originates from the 

groove and the posterior colliculus of the medial malleolus, inserts into the medial 

surface of the talus, and consists of the deep anterior and deep posterior tibiotalar 

ligaments (ATTL and PTTL, respectively) (Boss & Hintermann, 2002; Harper 1987; 

Milner & Soames, 1998; Pankovich & Shivaram, 1979a; Stufkens et al., 2012). 

Only the deep deltoid ligament bridges the tibiotalar joint (Boss & Hintermann, 

2002; Harper, 1987; Milner & Soames, 1998; Stufkens et al., 2012) (Fig. 2). 

 

Fig. 2. Anatomy of the deltoid ligament. The superficial part (A) consists of the ATTL 

(anterior tibiotalar ligament), TN (tibionavicular ligament), TC (tibiocalcanear ligament) 

and PTTL (posterior tibiotalar ligament). The deep layer (B) consists of the deep anterior 

and posterior tibiotalar ligaments. 
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The superficial part of the deltoid ligament has no role in the stability of the ankle 

joint, whereas the intact deep deltoid ligament prevents significant displacement 

and external rotation of the talus (Boss & Hintermann, 2002; Close, 1956; Earll 

et al., 1996; Grath, 1960; Harper, 1995; Michelson et al., 1992; Michelson et al., 

1996; Milner & Soames, 1998; Pankovich & Shivaram, 1979a, 1979b; Pettrone 

et al., 1983; Phillips et al., 1985; Rasmussen, 1985; Rasmussen, Kromann-

Andersen, & Boe, 1983). When the talus can move in a normal pattern from full 

dorsiflexion to plantarflexion, the ankle joint is considered stable; this stability is 

essential for a normal load distribution (Calhoun et al., 1994; Close, 1956; 

Gougoulias et al., 2010; Michelson, 2003; Ramsey & Hamilton, 1976; ). A rupture 

of the deep deltoid ligament allows displacement and excessive external rotation of 

the talus, so that even 1 mm of talar shift results in a 40–42% decrease in the 

tibiotalar contact area, causing increased loading to the cartilage and predisposing 

the joint to OA changes (Clarke, Michelson, Cox, & Jinnah, 1991; Joy, Patzakis, & 

Harvey, 1974; Lloyd et al., 2006; Phillips et al., 1985; Ramsey & Hamilton, 1976). 

Fibular fracture displacement is thought to play a minor role in the stability of the 

ankle joint, and a biomechanical study with fibular osteotomy and up to 6 mm of 

displacement did not alter the contact area of the tibiofibular joint (Clarke et al., 

1991; Michelson et al., 2007; Pakarinen et al., 2011a; van den Bekerom & Van Dijk, 

2010). 

2.2 Classification of ankle fractures 

Different classification systems have been developed to guide the clinical 

evaluation and decision-making between nonoperative and operative treatment of 

ankle fractures. A good classification system should be simple in clinical use, 

repeatable and reliable in guiding the treatment choices for the best functional 

outcome (Michelson et al., 2007). One of the most important clinical questions 

when treating ankle fractures is whether the ankle mortise is sufficiently stable and 

able to maintain a congruent ankle mortise in conservative treatment, or whether it 

requires reduction and fixation to do so. The best possible classification system 

should answer this question. 

 Lauge-Hansen classification 

The Lauge-Hansen classification, introduced in 1950 (Lauge-Hansen, 1950), is 

based on experimental biomechanical studies. The basic principle of the 
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classification is the assumption that a closed reduction can be achieved by reversing 

the injury mechanism (Lauge-Hansen, 1950). The classification consists of four 

main groups, with two to four stages in each group: Supination-Adduction (SA) 

stages I–II, Supination-External rotation (SER) stages I–IV, Pronation-Abduction 

(PA) stages I–III and Pronation-External rotation (PER) stages I–IV (Lauge-

Hansen, 1950). The first term describes the position of the foot, while the second 

one indicates the direction of the forces applied at the time of trauma. The stage 

depends on the deforming force and, for each stage, another structure is injured 

(Fig. 3, Fig. 4). The classification does not directly assess the stability of the ankle 

mortise but presumes it based on the injury mechanism and the assumed injured 

structures (Lindsjö et al., 1985a; Michelson, 1995). 

 

Fig. 3. Lauge-Hansen Classification, SER injury pattern. 1) The anterior tibiofibular 

ligament injury (SER I) 2) fibular fracture (SER II) 3) posterior malleolar fracture (SER III) 

and finally 4) medial side injury, either medial malleolar fracture or deltoid ligament 

injury (SER IV). 

 

Fig. 4. Lauge-Hansen Classification, PER injury pattern. 1) Medial malleolar fracture or 

deltoid ligament injury (PER I) 2) the anterior tibiofibular ligament (PER II) 3) fibular 

fracture (PER III) 4) posterior malleolar fracture (PER IV). 
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Attempts to produce the Lauge-Hansen fracture patterns with the described 

mechanism have met with little success in multiple cadaveric studies (Haraguchi & 

Armiger, 2009; Kwon et al., 2015; Michelson et al., 1997). The observed soft tissue 

injury was also clinically inconsistent with the classified fracture type (Cedell, 1967; 

Kwon et al., 2015; Michelson et al., 1997), as were the magnetic resonance imaging 

(MRI) findings (Gardner et al., 2006b). In addition, the soft tissue injury signs 

(swelling, tenderness, ecchymosis) on the medial side are not reliable predictors of 

instability, since injury to only the superficial medial ligaments can cause these 

findings without affecting the stability of the ankle joint (DeAngelis et al., 2007; 

Egol et al., 2004; Gill et al., 2007, Schock et al., 2007; McConnell et al., 2004; 

Stufkens et al., 2012). 

The classification has also been deemed too complex, and the interobserver 

and intraobserver agreement is moderate at best among experts, with Kappa 

coefficients of 0.47–0.49 (Briet et al., 2019; Kwon et al., 2015; Verhage et al., 

2015). Most studies also rate the interobserver reliability and the ability to aid in 

choosing the treatment method as relatively poor (Brage et al., 1998; Craig & 

Dirschl, 1998; da Fonseca et al., 2017; Gardner et al., 2006b; Haraguchi & Armiger, 

2009; Lindsjö, 1985a; Michelson 1995; Michelson et al., 1997; Nielsen et al., 1990; 

Rasmussen et al., 1993; Thomsen et al., 1991; Yin et al., 2015). The low agreement 

and reproducibility, as well as the limitations in guiding on treatment choices, have 

raised questions about the continued clinical use of the Lauge-Hansen classification 

(Briet et al., 2019; Kwon et al., 2015). 

 Weber classification 

The Weber (or Danis-Weber) classification (Danis, 1949; Weber, 1972) is solely 

based on the radiological findings of the lateral malleolar and ignores the medial 

side injury completely. The classification is simpler than the Lauge-Hansen 

classification, but it also does not assess the stability of the ankle joint (Broos & 

Bisschop, 1991; Lindsjö et al., 1985; Nielson et al., 2005). This classification 

divides the lateral malleolar fractures in three types according to the fracture’s 

relationship to the level of the tibiofibular syndesmosis: type A fractures are distal, 

type B are at the level and type C are above the level of the tibiofibular syndesmosis 

(Fig. 5). 

Despite the simpler classification, the Kappa coefficient agreements are only 

0.49–0.61 and the reliability ranges from poor to moderate (Craig & Dirschl, 1998; 
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da Fonseca et al., 2017; Haraguchi & Armiger, 2009; Lindsjö, 1985a; Malek, 

Machani, Mevcha, & Hyder, 2006; Michelson, 1995; Verhage et al., 2015). 

 

Fig. 5. The Weber classification. 

The Association for Osteosynthesis/Orthopedic Trauma Association (AO/OTA) 

expanded the Weber classification to include the presence of the medial and 

posterior malleolar fractures according to the AO/OTA classification of long bones 

(Meinberg, Agel, Roberts, Karam, & Kellam, 2018; Müller et al., 1990), but the 

classification still is based on radiographic criteria and does not directly assess the 

stability of the ankle joint or provide a reliable guide for choosing the treatment. 

The AO/OTA classification also has a limited inter- and intraobserver agreement 

(Craig & Dirschl, 1998; da Fonseca et al., 2017; Verhage et al., 2015; Yin et al., 

2015). 

 Stability-based classification 

Since neither of the two most widely used classification systems provides a 

comprehensive guide for choosing between treatment methods (Brage et al., 1998; 

Craig & Dirschl 1998; da Fonseca et al., 2017; Gardner et al., 2006b; Haraguchi & 

Armiger, 2009; Lindsjö, 1985a; Malek et al., 2006; Malek et al., 2006; Michelson 

et al., 1997; Michelson, 1995; Nielsen et al., 1990; Rasmussen et al., 1993; 

Thomsen et al., 1991; Yin et al., 2015), a new classification was developed to aid 

in clinical decision-making. Recognition that the stability of the ankle mortise is 

the sole most important factor in the treatment of ankle fractures (Bauer, Jonsson, 

& Nilsson, 1985; Gougoulias et al., 2010; Gougoulias, & Sakellariou, 2017; 

Kristensen & Hansen, 1985; Michelson et al., 1997; Michelson, 1995; Pakarinen 

et al., 2011a; Phillips et al., 1985; Yde & Kristensen, 1980a) led to the introduction 
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of the stability-based classification, first by Michelson et al. (2007). This 

classification is based on biomechanical characteristics and simply divides the 

fractures into stable or unstable ones to separate the fractures that can be treated 

nonoperatively (the stable fractures) from those expected to have better results 

when treated operatively (Delaney et al., 2019; Michelson et al., 2007; Pakarinen 

et al., 2011a). 

According to Michelson et al. (2007) and Pakarinen et al. (2011a), unstable 

fractures include bi- and trimalleolar fractures and unimalleolar fractures with 

tibiotalar dislocation or MCS greater than 5 mm on the initial radiographs. The 

isolated lateral malleolar fractures without a talar shift in the initial radiographs 

pose a clinical challenge, since they can be either stable or unstable depending on 

the ligamentous injuries on the medial side. Dynamic stress radiographs, either with 

a manual external rotation (ER) stress test or, alternatively, with gravity or 

weightbearing stress testing, is advised to differentiate between stable and unstable 

injures. An absolute MCS measurement of greater than 5 mm, with the 

measurement being at least one millimetre greater than the superior tibiotalar space, 

is suggested as the threshold value for instability (Egol et al., 2004; Gill et al., 2007; 

McConnell et al., 2004; Park et al., 2006; Schottel et al., 2015; Warner et al., 2019). 

The ER stress test is both reliable and repeatable (Egol et al., 2004; Gill et al., 

2007; Hoshino et al., 2012; McConnell et al., 2004; Nortunen et al., 2014; Park 

et al., 2006; Schock et al., 2007; Stufkens et al., 2012; Tornetta et al., 2012), and it 

also has an excellent inter- and intraobserver agreement (98%) (Nortunen et al., 

2014; Pakarinen et al., 2011b). An MRI study has also suggested that only a total 

tear of the deep deltoid ligament (i.e. both deep ATTL and deep PTTL ruptured) 

leads to talar displacement of > 5 mm in the manual ER stress test (Nortunen et al., 

2014). 

The gravity stress test and standing (aka. weightbearing) radiographs have been 

suggested as less painful alternatives to the manual ER stress test (Gill et al., 2007; 

Hoshino et al., 2012; LeBa, Gugala, Morris, & Panchbhavi, 2015; Michelson, 

Varner, & Checcone, 2001; Schock et al., 2007; Seidel et al., 2017; van Leeuwen 

et al., 2019c; Weber et al., 2010). In a recent study, a threshold value of MCS 

≥ 6 mm in a gravity stress test was found to have a good specificity and sensitivity 

for detecting total deep deltoid injury when compared to MRI (van Leeuwen et al., 

2019c); however, the gravity stress test has also been suggested to overestimate the 

need for operative treatment (Holmes et al., 2016; Seidel et al., 2017; Weber et al., 

2010). It is also not qualified as a sole replacement for the ER stress test, but it can 

serve as an addition to the clinical or MRI findings (Jeong, Kim, Baek, Song, & 
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Park, 2018; Nortunen et al., 2015). As opposite to gravity stress test, the amount of 

unstable injuries and the need for operative treatment is lower with weightbearing 

radiographs compared to manual ER or gravity stress tests (Hoshino et al., 2012; 

Seidel et al., 2017; Weber et al., 2010). These radiographs are considered predictors 

of the eventual mortise alignment rather than of stability; as axial loading 

normalises the mortise alignment, and therefore, identify patients with normal 

alignment suitable for nonoperative treatment (Kwon, Cronin, Velasco, & Chiodo, 

2018). 

The stability-based classification was recently found to have a mean of 82% 

interobserver agreement in clinical use, compared to 77% for the Weber and 54% 

for the Lauge-Hansen classifications (Cordova et al., 2018). A recent study also 

reported an interobserver Kappa coefficient of 0.938 and that the stability 

classification was statistically more accurate (p = 0.001) in predicting the need for 

surgical treatment compared to both Weber and Lauge-Hansen classifications 

(Delaney et al., 2019). No unstable fractures were incorrectly classified as stable, 

nor did stable fractures need surgical interventions (Delaney et al., 2019). Based on 

these studies, the stability-based classification could be viewed as reliable and 

prognostic, but the long-term outcomes and possible complications are still 

unknown. 

 Classification of isolated medial malleolar fractures 

Isolated medial malleolar fractures (IMMFs) account for approximately 5–10% of 

all ankle fractures (Court-Brown & Caesar, 2006; Pakarinen et al., 2011a). These 

fractures are included in the Lauge-Hansen Classification and are classified as 

supination adduction II (SA II), pronation external rotation I (PER I; no increase in 

TFCS) or PER II (increase in TFCS) fractures (Arimoto & Forrester, 1980; Lauge-

Hansen, 1950; Okanobo et al., 2012). Again, clinical decision-making cannot be 

based on this classification, even though SA II fractures are suggested to be stable. 

According to the Lauge-Hansen trauma mechanism, SA leads to a vertical fracture 

of the medial malleolus when the pronation and external rotation produces oblique 

or transverse fracture lines (Arimoto & Forrester, 1980; Lauge-Hansen, 1950; 

Okanobo et al., 2012). The Weber classification does not take the medial malleolar 

fractures into account, so it does not classify them (Weber, 1972). 

Pankovich & Shivaram (1979a, 1979b) and Herscovici et al., (2007) have also 

published classifications for IMMF. The classification of Pankovich & Shivaram 

(1979a, 1979b) is an anatomical classification, and Herscovici et al. introduced a 
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classification modified from that classification, dividing the fractures into types A 

to D (Fig. 6), and suggested that all IMMFs are stable and possible to treat 

nonoperatively, regardless of the Herscovici fracture class. An interobserver Kappa 

coefficient of 0.54 was found for the Herscovici classification, and it has been 

referred to in many studies (Aitken et al., 2017). 

 

Fig. 6. Medial malleolar fracture classification according to Herscovici et al. (2007). 

Regarding stability classification, Michelson et al., (2007) suggested considering 

IMMFs as unclassified. In the study of Pakarinen et al., (2011a), the non-dislocated 

IMMFs were treated nonoperatively and dislocated ones operatively according to 

the practice at that time, but only 10 patients with IMMFs were included in the 

study. 

2.3 Long-term outcome after treatment of ankle fractures 

 Factors affecting the functional outcome 

Many factors can predict the functional outcome after treatment of ankle fracture. 

Poorer functional outcome is associated with patient-related factors, such as age 

(Anderson, Li, Franklin, & Wixted, 2008;Egol, Tejwani, Walsh, Capla, & Koval, 

2006;Höiness et al., 2001;Nilsson, Jonsson, Ekdahl, & Eneroth, 2007;Pakarinen 

et al., 2011a), female gender (Gougoulias et al., 2010; Pakarinen et al., 2011a), 

obesity (Cavo, Fox, Markert, & Laughlin, 2015), comorbidity and American 

Society of Anesthesiologist’s classification (ASA) score > 2 (Egol et al., 2006; 

Gougoulias et al., 2010; Pakarinen et al., 2011a). Smoking, lower level of 
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education and social factors have also been suggested as determinants of poorer 

outcome (Bhandari et al., 2004). 

The fracture type has a significant effect on the outcome, and the initial 

dislocation is a predictor for a poorer functional outcome, even if the congruent 

ankle mortise and anatomical reduction is surgically restored (Broos & Bisschop, 

1991; Day, Swanson, & Hulcombe, 2001; DeSouza et al., 1985; Gougoulias et al., 

2010; Joy et al., 1974; Lindsjö 1985a, 1985b; Mont,  Sedlin, Weiner, Weiner, & 

Miller, 1992; Sculco et al., 2016; Van Schie-Van der Weert, Van Lieshout, De Vries, 

Van der Elst, & Schepers, 2012). Unimalleolar and stable fractures also have a 

better functional outcome (Lash, Horne, Fielden, & Devane, 2002; Pakarinen et al., 

2011a; Soohoo et al., 2009; Stufkens, Knupp, Lampert, van Dijk, & Hintermann, 

2009; Tejwani et al., 2007). When treated operatively, anatomical reduction and 

rigid fixation is important, since a poor reduction also lowers the outcome scores 

(Beris et al., 1997; Leeds & Ehrlich, 1984; Lindsjö 1985a, 1985b; Mont et al., 1992; 

Pettrone et al., 1983; Tejwani et al., 2007). 

Furthermore, infection and other complications significantly lower the 

functional outcomes (Höiness et al., 2001; Korim et al., 2014; Schepers et al., 

2013). For example, Korim et al. (2104) reported an Olerud-Molander Ankle Score 

(OMAS) of 60 in the infection group versus 90 in a group without infection after 

two years of follow-up. 

 Long-term functional outcome 

The literature regarding the outcomes after long-term follow-up of over ten years 

is limited for on both nonoperative (Bauer et al., 1985; Donken, Verhofstad, 

Edwards, & van Laarhoven, 2012a, 2012b; Kristensen & Hansen, 1985; Wei, 

Okereke, Winiarsky, & Lotke, 1999) and operative (Day et al., 2001; Stufkens et al., 

2009; Donken et al., 2012a, 2012b; Regan, Gould, Manoli, & Egol, 2016) 

treatments. These studies also predate the routine use of stress testing, and the 

assessment of the stability of the ankle joint and the indications for operative 

treatment are varied. In addition, only a few quality studies have been published on 

health-related quality of life (QOL) after ankle fractures and those also had only a 

short follow-up (Van Son, De Vries, Roukema, & Den Oudsten, 2013). 

The stability-based treatment was introduced by Michelson et al. (2007), but 

the only study reporting the outcomes of ankle fracture treatment based on the 

stability classification is a study with a minimum of 2 years of follow-up, published 

by Pakarinen et al. (2011a). That study introduced the outcomes of the first 
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consecutive patient series treated according to stability criteria with a follow-up 

longer than two years. During the follow-up, no fractures deemed stable needed 

operative treatment. The patients with a stable fracture who received nonoperative 

treatment reported a significantly better OMAS and less pain, but the overall 

outcome in both groups was good, with a mean OMAS of 87.8 in the stable group 

and 75.1 in the unstable group (Pakarinen et al., 2011a). 

SER II ankle fractures 

SER II fractures can be treated conservatively with good functional and 

radiological outcome in long follow-up of 20–30 years (Bauer et al., 1985; Donken 

et al., 2012a, 2012b; Kristensen & Hansen, 1985), but these studies precede the 

stress testing and stability assessment of the ankle joint. If the stability of the 

isolated lateral malleolar fracture and the possible medial injury is not assessed, an 

unstable, but seemingly SER II, fracture can be misclassified and treated 

nonoperatively. In addition, surgery for stable fractures may lead to unnecessary 

harm. When fractures have reliably been deemed stable with stability assessment, 

no follow-up radiographs (Holmes et al., 2016; Jain et al., 2008; Martin, 2004) or 

conversion to operative treatment is needed (Delaney et al., 2019; Kortekangas 

et al., 2019; Marchand et al., 2017; McConnell et al., 2004; Park et al., 2006; Seidel 

et al., 2017; Weber et al., 2010) at least in the short-term follow-up. However, no 

long-term follow-up data is yet available. 

Yde & Kristensen (1980a) treated SER II patients both operatively and 

nonoperatively and achieved an equally good outcome after 3–10 years of follow-

up. Bauer et al. (1985) treated 143 patients nonoperatively with good outcome and 

a low incidence of OA changes, reporting that 83% of the patients were free of 

symptoms after a mean of 29 years of follow-up. Similarly, Kristensen & Hansen 

(1985) found a good outcome with no radiographic signs of OA after 16–25 years 

of follow-up of nonoperatively treated SER II fractures. Donken et al. (2012a) 

published studies on SER II–IV injuries followed for over 20 years, after treating 

SER II fractures both operatively (30%) and nonoperatively (70%) without stress 

testing. The patients had excellent or good OMAS of 92% regardless of the 

treatment method. A review of the distribution of operatively and nonoperatively 

treated SER-type ankle fractures indicates that unnecessary surgery of stable ankle 

fractures most likely occurred. 
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Unstable ankle fractures 

Only a few patient series with a long follow-up of over ten years have been 

published on unstable, SER IV or bi-/trimalleolar fractures (Day et al., 2001; 

Donken et al., 2012a, 2012b; Regan et al., 2016; Stufkens et al., 2009; Wei et al., 

1999). 

Yde & Kristensen (1980a) compared the nonoperative and operative treatment 

of SER IV fractures after 3 to 10 years of follow-up and reported better functional 

outcome after operative treatment. A good functional outcome has also been 

reported at 11–13 years after operative treatment of SER IV fractures (Day et al., 

2001; Regan et al., 2016; Stufkens et al., 2009). Regan et al. (2016) found an 

improvement in the Short Musculoskeletal Function Assessment (SMFA) scores 

when comparing the follow-up scores at 1 and 11 years after surgery. Donken et al. 

(2012a, 2012b) published outcomes of SER II–IV and PER III–IV fractures after 

follow-up of 21–22 years. Excellent or good OMAS with a mean OMAS of 95 was 

reported by 92% of SERII–IV patients, and no difference was found between the 

operative and nonoperative treatments. Equally good outcome was found after PER 

III–IV fractures, with 90% of patients reporting an excellent or good outcome with 

mean OMAS 98. In these studies, the patients were also treated before the routine 

use of stress testing radiographs, again with a high likelihood that unnecessary 

operations were performed on stable fractures. The only series using nonoperative 

treatment of bi- and trimalleolar fractures was published by Wei et al. (1999), who 

followed 34 patients with anatomical reduction and nonoperative treatment for 20 

years and reported symptoms in only 2/19 patients after the follow-up. 

Isolated medial malleolar fractures 

Medial malleolar fractures have historically been associated with high grades of 

nonunion (9.1%) and development of OA, with up to 45% of patients developing 

OA after mean of 15 years of follow-up after nonoperative treatment (Sneppen, 

1969). However, Sneppen (1969) did not separate the patients with an IMMF from 

patients with bi- or trimalleolar fracture, so the treatment might not have been 

adequate. Otherwise, no long-term outcomes have been reported. Herscovici et al. 

(2007), in association with their medial malleolar fracture classification, published 

the outcomes of IMMF after nonoperative treatment with a mean follow-up of 36 

months. A good functional outcome with a union rate of 96% was reported, with 
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no evidence of instability, malalignment or posttraumatic OA (Herscovici et al., 

2007). 

 Posttraumatic osteoarthritis 

Most of the OA changes of the ankle (78%) are of posttraumatic origin (Thomas & 

Daniel, 2003; Valderrabano, Horisberger, Russell, Dougall, & Hintermann, 2009), 

and 39% of the ankle joint OA develops after malleolar fracture (Horisberger, 

Valderrabano, & Hintermann, 2009; Valderrabano et al., 2009). The latency time 

for the development of end-stage posttraumatic OA can be up to 20 years, but the 

fracture type, as well as the severity, age of the patient and complications, can 

shorten the latency time (Lübbeke et al., 2012; Stufkens, Knupp, Horisberger, 

Lampert, & Hintermann, 2010). The quality of the reduction, malunion and 

possible ankle joint instability with chronic malalignment, are risk factors for 

posttraumatic OA (Beris et al., 1997; DeSouza et al., 1985; Lindsjö, 1981; Pettrone 

et al., 1983; Stufkens, van den Bekerom, Kerkhoffs, Hintermann, & van Dijk, 2011; 

Thomas & Daniel, 2003). In addition, higher BMI (Lübbeke et al., 2012), age 

(Horisberger et al., 2009; Lübbeke et al., 2012), and female gender (Lindsjö, 1985b) 

increased the risk of posttraumatic OA. Patients with three or more risk factors had 

a 60–70% risk to develop posttraumatic OA (Lübbeke et al., 2012). 

The fracture type and the severity of the initial injury, with possible articular 

cartilage damage, also have a significant effect on the development of OA (Ahl, 

Dalén, & Selvik, 1989; Beris et al., 1997; De Vries, Wijgman, Sierevelt, & Schaap, 

2005; Holzer et al., 2015; Lindsjö 1985b; Lindsjö, 1981; Lübbeke et al., 2012; 

Stufkens et al., 2010). OA changes are more common and more severe and have a 

shorter latency time in patients with initial fracture-dislocation (De Vries et al., 

2005; Holzer et al., 2015; Lübbeke et al., 2012; Regan et al., 2016). 

The nonoperative treatment of stable ankle fractures results in no significant 

rate of OA changes (Gougoulias et al., 2010; Kristensen & Hansen, 1985). In long-

term follow-up studies (18–30 years) of SER II injuries, a mean rate of 2.8–5% of 

OA was found (Ahl et al., 1989; Bauer et al., 1985; Gougoulias et al., 2010). 

Nonoperative treatment of IMMF also leads to good radiological outcomes; for 

example, in a short follow-up of three years, no OA changes were found 

(Herscovici et al., 2007). Instead, OA findings are more common in the operatively 

treated ankle fracture patients (Donken et al., 2012a, 2012b; Holzer et al., 2015; 

Lindsjö 1985a; Lübbeke et al., 2102; Regan et al., 2016; Stufkens et al., 2010), 

where the reported incidence is 14% in the shorter follow-up of two to six years 
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(Lindsjö 1985a) and up to 50–76% in long follow-up of 10 to 20 years (Day et al., 

2001; Donken et al., 2012a, 2012b; Holzer et al., 2015; Regan et al., 2016; Yde & 

Kristensen, 1980b). Day et al. (2001) and Regan et al. (2016) found an OA rate of 

63–73% after long follow-up of over 10 years, with 32–36% patients showing 

moderate or severe changes. The reported risk of 0.7–0.9% for ankle fusion and 

0.2–0.7% for total arthroplasty of the ankle after two to ten years of follow-up has 

been introduced in the literature (Naumann, Sigurdsen, Utvåg, & Stavem, 2017; 

Regan et al., 2016; Soohoo et al., 2009). 

Most studies suggest that OA findings do not correlate with functional outcome 

and that, regardless of the OA findings, the functional outcome is also good in the 

long follow-up (Ahl et al., 1989; Bauer et al., 1985; Donken et al., 2012a, 2012b; 

Jarde, Vives, Havet, Gouron, & Meunier, 2000; Nilsson, Jonsson, Ekdahl, & 

Eneroth, 2005; Regan et al., 2016; Sneppen, 1969). The studies are still 

controversial, since Höiness et al. (2001) and Holzer et al. (2015) have 

demonstrated a significant correlation between OA findings and clinical symptoms 

and range of motion (ROM) of the ankle joint. 

 Complications and late operations 

Complications have a significant effect on the final functional and radiological 

outcome and are associated with both the operative and nonoperative treatment of 

ankle fractures. In unselected patient groups, the risk for any adverse event is as 

high as 6–17% (Aigner et al., 2017; Basques, Miller, Golinvaux, Bohl, & Grauer, 

2015; Bohl et al., 2019; Jones et al., 2005; Nåsell, Ottosson, Törnqvist, Lindé, & 

Ponzer, 2011) and up to 31–42% in patients with diabetes (Jones et al., 2005; 

McCormack & Leith, 1998). 

Postoperative infection is the most common complication after operative 

treatment of ankle fractures, and it also has a significant negative effect on the 

functional outcome (Höiness et al., 2001; Korim et al., 2014; Schepers et al., 2013; 

Ziegler et al., 2017). The risk for deep surgical-site infection (SSI) is 1.4–7.4% in 

unselected patient populations (Belmont et al., 2015; Korim et al., 2014; Miller 

et al., 2012; Ovaska et al., 2013; Soohoo et al., 2009; Sun et al., 2018; Wukich et al., 

2010), 9.7% in elderly populations (Aigner et al., 2017) and as high as 32–40% in 

patients with risk factors (Flynn et al., 2000; Jones et al., 2005; Pincus et al., 2017; 

Soohoo et al., 2009; Wukich et al., 2011). The risk for amputation after ankle 

fracture surgery was low (0.16%) in a large unselected cohort (Soohoo et al., 2019), 

but significantly higher, with a reported rate of up to 3.86–4%, in patients with 
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diabetes (Flynn et al., 2000; Jones et al., 2005; Pincus et al., 2017; Soohoo et al., 

2009; Wukich et al., 2011). Deep SSIs lead to two additional surgical procedures 

on average, with 28% of the patients requiring a flap coverage and 54% requiring 

hardware removal (Ovaska et al., 2013). 

Other complications related to the operative treatment are nerve injuries (0.1–

0.9%), deep vein thrombosis (0.75–4.0%) and pulmonary embolism (0.4–0.75%) 

(Basques et al., 2015; Belmont et al., 2015; Hsu et al., 2015; Nåsell et al., 2011). 

The risk of death is reported as 0.23% in a large unselected patient series (Basques 

et al., 2015), and even up to 11.9% in geriatric patients (Hsu et al., 2015). 

Mechanical complications and implant failure rates of up to 4–6% with open 

reduction and internal fixation (ORIF) have been reported, with a 1–1.5% risk of 

reoperation due to fixation failure (Aigner et al., 2017; McKissack et al., 2019; 

Pincus et al., 2017; Soohoo et al., 2009). The rate of complications, as well as 

reoperations, is correlated with the fracture severity, with trimalleolar and open 

fractures having the highest risk especially during the first 30 postoperative days 

(Aigner et al., 2017; Pincus et al., 2017; Schepers et al., 2013; Soohoo et al., 2009;). 

Open fractures lead to reoperations in 26% of the patients, and a flap reconstruction 

was needed in 10–11% of the open fracture patients, compared to 1.8% in the 

unselected patients (Ovaska et al., 2013; Ovaska, Madanat, Honkamaa, & Mäkinen, 

2015; Zalavras, Christensen, Rigopoulos, Holtom, & Patzakis, 2009). The reported 

risk for amputation after open fracture varies from 2% (Ovaska et al., 2015) to 17% 

(Zalavras et al., 2009). 

Pain and mechanical irritation at the site of fixation are also quite common 

(23%), and many patients continue to have some symptoms and pain even after 

removal of the hardware (Brown, Dirschl, & Obremskey, 2001). High implant 

removal rates are found, ranging from 10.8–18.1% in the short follow-up of two 

years (Brown et al., 2001; Pincus et al., 2017), 11–34.4% in 5 to 10 years (van 

Leeuwen, Hoffman, Hoogendoorn, 2019b; Regan et al., 2016), and up to 63% in 

follow-up of over 20 years (Donken et al., 2012a, 2012b). 

Complications are also associated with nonoperative treatment, with a reported 

rate of 1.3% (Nåsell et al., 2011). Skin complications and ulcers, ankle stiffness, 

and embolic complications are also associated with plaster immobilisation, as well 

as with nonunion and fracture displacement (Nåsell et al., 2011; Patil, Gandhi, 

Curzon, & Hui, 2007;). A recent study compared the nonoperative and operative 

treatment for displaced ankle fractures with a widened ankle mortise in patients 

with diabetes (Levy et al., 2017). A complication risk of 75% was reported with the 

nonoperative treatment, including loss of reduction (55%), Charcot arthropathy 
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(35%), ulcer (25%), unplanned operation (25%) and deep infection (10%), 

compared to a 12.5% risk for any adverse event for the operative treatment (Levy 

et al., 2017). Flynn et al. (2000) also found a high risk of complications of up to 

66% for patients with diabetes following nonoperative treatment of unstable 

fractures. Overall, then, regardless of the complications associated with the 

operative treatment of these high-risk patients, the outcome seems to be better when 

treated operatively. 

2.4 Ankle fractures in patients with high complication risk 

 Factors that increase complication risk 

Patient-related risk factors 

Older age and female gender are independent risk factors for infection and other 

adverse events (Aigner et al., 2017; Anderson et al., 2008; Basques et al., 2015; 

Beauchamp, Clay, & Thexton, 1983; Belmont et al., 2015; Dodd et al., 2016; Koval 

et al., 2007; Lynde, Sautter, Hamilton, & Schuberth, 2012; McKissack et al., 2019; 

Nåsell et al., 2011; Olsen, Møller, Brorson, Hasselager, & Sort, 2017; Pakarinen 

et al., 2011a; Pettrone et al., 1983; Soohoo et al., 2009; Sun et al., 2018; Wukich 

et al., 2010). 

In addition, comorbidities, such as cardiovascular disease, peripheral vascular 

disease and chronic kidney disease, as well as higher ASA grade > 2, increase the 

risk (Basques et al., 2015; Belmont et al., 2015; Bohl et al., 2019; McKissack et al., 

2019; Shao et al., 2018; Soohoo et al., 2009; Sun et al., 2018; Wukich et al., 2010; 

Ziegler et al., 2017). The most important comorbidity causing complications, 

especially infection, is diabetes, with a reported rate up to 32–40% (Dodd et al., 

2016; Flynn et al., 2000; Jones et al., 2005; Korim et al., 2014; Miller et al., 2012; 

Pincus et al., 2017; Soohoo et al., 2009; Wukich et al., 2010; Ziegler et al., 2017). 

The patients with diabetes have up to a 10-fold higher risk for infection, and a 

twofold to sixfold higher risk for any adverse event compared to non-diabetic 

patients (Cavo et al., 2015; Wukich et al., 2010;). Diabetes also increases the risks 

of nonoperative treatment, and high infection rates after cast treatment have also 

been reported (Flynn et al., 2000). Diabetic neuropathy is also an independent risk 

factor, in both nonoperative and operative treatments (Flynn et al., 2000; Jones 

et al., 2005; Miller et al., 2012; Wukich et al., 2010). 
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Lifestyle risk factors also increase the risk of complications. Obesity causes 

complications with greater severity and higher odds ratio for complications 

compared to normal-weight patients (Cavo et al., 2015; Dodd et al., 2016; Olsen 

et al., 2017; Shao et al., 2018; Stavem, Naumann, Sigurdsen, & Utvåg, 2017; Sun 

et al., 2018). Alcohol use and smoking are also known to increase the complication 

risk (Belmont et al., 2015; Miller et al., 2012; Nåsell et al., 2011; Olsen et al., 2017; 

Ovaska et al., 2013; Shao et al., 2018; Tønnesen, Pedersen, Jensen, Møller, & 

Madsen, 1991; Ziegler et al., 2017). 

Injury-related risk factors 

A primary dislocation and the severity of the fracture increase the complication risk 

(Carragee, Csongradi, & Bleck, 1991; Höiness et al., 2001; Ovaska et al., 2013; 

Pincus et al., 2017; Sculco et al., 2016; Shao et al., 2018; Warner, Schottel, Hinds, 

Helfet, & Lorich, 2015). A dislocation of the ankle fracture causes more significant 

injury to the bony and ligamentous structures, as well as to the soft tissue envelope 

(Sculco et al., 2016). An open fracture causes significant rates of complications and 

often leads to poor outcome (Miller et al., 2012; Nåsell et al., 2011; Ovaska et al., 

2015; Soohoo et al., 2009; Sun et al., 2018). Among open fracture patients, 54% 

can have some complications and 17% can develop a deep SSI (Ovaska et al., 2013; 

Ovaska et al., 2015). 

Surgery-related risk factors 

On one hand, the assessment of the soft tissue injury and the timing of surgery are 

important when treating ankle fractures (Miller et al., 2012; Schepers et al., 2013). 

On the other hand, however, closed ankle fractures should be operated as soon as 

the soft tissue envelope allows, since a delay in surgery is associated with wound 

complications (Schepers et al., 2013). 

The length of surgery, placement of the incision and fracture malreduction all 

increase the complication risk (Ovaska et al., 2013, 2014; Sun et al., 2018; Wukich 

et al., 2010). Suboptimal timing of prophylactic antibiotics also increases the 

infection risk (Ovaska et al., 2013). In addition, the type of implant has a significant 

effect—a locking compression plate may have a significantly higher complication 

rate compared to conventional plating (17.5% vs. 5.5%), probably due to the 

bulkiness of the implant (Schepers, Van Lieshout, De Vries, & Van der Elst, 2011). 
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 Strategies to reduce the complication risk 

The identification of different risk factors is essential for preventing complications. 

Patient-related and lifestyle-related risks can be reduced by support for stopping 

smoking at admission (Nåsell et al., 2011). Optimising blood glucose levels also 

has a positive effect on the infection risk (Chaudhary et al., 2008). 

The meticulous assessment of soft tissue injury is essential. The timing of the 

definitive fixation should be based on swelling reduction, healing of the blisters, 

and the overall appearance of the soft tissue envelope. Avoidance of surgical 

interventions is advisable until the soft tissue envelope allows safe operative 

treatment (Höiness & Strömsöe, 2000; Konrath, Karges, Watson, Moed, & Cramer, 

1995; Miller et al., 2012; Sculco et al., 2016; Thordarson, 2000, 2004; ). Blood-

filled blisters are a sign of injury in the dermal-epidermal junction, and incision 

through blood-filled blisters is not advised (Konrath et al., 1995). 

Staged treatment has had a positive effect by decreasing infection risk in intra-

articular proximal and distal tibial fractures (Egol, Tejwani, Capla, Wolinsky, & 

Koval, 2005; Thordarson, 2000, 2004). The only study reporting the use of staged 

treatment with an external fixation device before the final ORIF of ankle fractures 

was conducted by Sculco et al. (2016), who employed an external fixation device 

and delayed surgery on 49% of their fracture-dislocation patients, thereby 

achieving an infection rate comparable to that of patients without fracture 

dislocation. Chaudhary et al. (2008) suggested an algorithm with staged 

management for patients with diabetes with unstable fractures to reduce their 

infection complications. 

During surgery, the timing of antibiotic prophylaxis (Ovaska et al., 2013), as 

well as the place of the incision, anatomic reduction, and reductions in the operative 

time, can reduce the risk of complications (Aigner et al., 2017; Ovaska et al., 2013). 

The use of tourniquets and staples for skin closure to reduce the operative time 

could also have a positive effect (Ovaska et al., 2013). 

The shortest possible treatment time with casting or treatment with orthoses 

can reduce the risks for thromboembolic complications and skin damage 

(Hutchinson & Barrie, 2015; Kortekangas et al., 2019). Only patients with 

neuropathy might need longer non-weightbearing immobilisations to avoid 

mechanical complications (Thordarson, 2004). 

Bohl et al. (2019) introduced and validated a point-based risk-stratification 

system to predict the risk of early adverse events for use in routine risk evaluation 
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practice for patient evaluation and prognostics. With increasing points, the risk of 

adverse events grows higher. 

Table 1. Risk-stratification system according to Bohl et al. (2019). 

Characteristic Points 

Age  

< 40 years + 0 

40–59 years + 1 

60–79 years + 3 

>80 + 5 

Female sex + 1 

COPD + 2 

Insulin-dependent diabetes + 2 

Anaemia + 3 

End-stage renal disease + 4 

2.5 Fibular intramedullary nailing 

 Fibular IMN in the treatment of ankle fractures 

Fibular IMN has been introduced as an option for operative treatment of lateral 

malleolar fractures, especially when the soft tissue is compromised and large 

incisions are undesirable, and for patients with a high risk of surgical wound 

infections. The mini-invasive operative technique reduces the required surgical 

incision size and surgical dissection and, as it is an IM device, it leaves no 

prominent hardware (Bugler et al., 2012; White et al., 2016). The IM fixation 

systems also do not disrupt the periosteal blood supply, thereby securing better 

blood flow and healing capacities at the fracture site (Bong, Kummer, Koval, & 

Egol, 2007). 

The first fibular IM nail (Inyo nail, Richards Medical Company, Memphis, TN, 

USA) was introduced in the 1980s (McLennan & Ungersma, 1986, 1988). To date, 

eight different IMN implants with different mechanical properties have been 

developed for clinical use: the Inyo Nail, Rush Rods (Berivon, Meridian, MS, USA) 

(Pritchett, 1993), the ANK Nail (manufacturer unspecified) (Kabuckuoglu et al., 

2000; Kara, Esenyel, Sener, & Merih, 1999), the SST Biomet Nail (Biomet Inc., 

Warsaw, Indiana, USA) (Rajeev, Senevirathna, Radha, & Kashayap, 2011; 

Ramasamy & Sherry, 2001), the Knowles Pin (Howmedica Inc., Rutherford, NJ, 

USA) (Lee, Huang, Chen, & Lin, 2005; Lee, Huang, Lo, & Huang, 2007), the IP-
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XS/IP-XXS Nail (Smith & Nephew, Andover, MA, USA) (Gehr,  Neber, 

Hilsenbeck, & Friedl, 2004), the Epifisa Nail (FH Orthopedics, Mulhouse, France) 

(Asloum et al., 2014; François, Inal,  Nassar, Benrahho, & Moujawaz, 1998) and 

the Acumed Fibula Rod System (Acumed, Hillsboro, OR, USA) (Appleton et al., 

2006; Bugler et al., 2012). Of these, the techniques for the ANK-nail and the IP-

XS/IP-XXS nails are not quite mini-invasive, but they include the open reduction 

of the fracture (Kabuckuoglu et al., 2000; Kara et al., 1999; Gehr et al., 2004). 

The early designs of the IM systems were unlocked nails, and these had 

significant mechanical limitations and poor stability features for both rotational and 

axial loadings, thereby leading to malunion (Bugler et al., 2012). In addition, no 

combined fixation of the syndesmosis was possible (François et al., 1998; 

Kabuckuoglu et al., 2000; Kara et al., 1999; Lee et al., 2005, Lee et al., 2007; 

McLennan & Ungersma, 1986, 1988; Rajeev et al., 2011; Ramasamy & Sherry, 

2001). 

The modern implants also allow syndesmosis screw fixation, which is included 

in the surgical technique (Fig. 7) (Bugler et al., 2012). Good mechanical properties 

with adequate stability have been reported in biomechanical studies (Smith et al., 

2017; Switaj et al., 2016). An acceptable reduction that can be maintained 

throughout the mechanical loading tests and even stronger torque to failure in the 

elderly bone has been proposed (Smith et al., 2017). Still, according to a recent 

review, the evidence from the few studies regarding IM fixation of the fibula 

indicate a low overall quality (Jordan, Chapman, Buchanan, & Makrides, 2018). 

 

Fig. 7. Fibula Rod System, mortise and lateral radiographs. 
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 Outcomes after fibular IMN 

The reported functional outcome after fibular IMN is good, for the most part, and 

functional outcome scores that are similar or even better compared to traditional 

ORIF have been reported (Asloum et al., 2014; Bakar et al., 2008; Peeperkorn et al., 

2018; White et al., 2016). The QOL scores are also similar to those of the normal 

population (Bakar et al., 2008; Peeperkorn et al., 2018). 

After short follow-up of older nail designs, a good outcome measured by 

OMAS was found in 74–91% of the patients, depending on the fixation device 

(François et al., 1998; Gehr et al., 2004; Kabuckuoglu et al., 2000; Kara et al., 1999; 

Lee et al., 2005; McLennan & Ungersma, 1986; Ramasamy & Sherry, 2001). The 

lowest scores were naturally associated with the nail designs with most mechanical 

complications (François et al., 1998; Kabuckuoglu et al., 2000; Kara et al., 1999; 

Ramasamy & Sherry, 2011). 

The largest patient series and the longest follow-up studies with a mean follow-

up of five to six years reported functional outcomes after ankle fracture treatment 

with the Acumed Fibula Rod System (Appleton et al., 2006; Bugler et al., 2012; 

Carter et al., 2019; White et al., 2016;). The reported mean OMAS was 65–87 

(Appleton et al., 2006; Bugler et al., 2012; Carter et al., 2019), the mean AOFAS 

was 83 (Bugler et al., 2012), and a good ROM, comparable to the uninjured side, 

was attained (Appleton et al., 2006). 

 Complications after fibular IMN 

According to recent review articles, the IMN seems to lead to significantly lower 

infection and wound complication rates (1.7%), as well as lower rates of nonunion 

(1.7%), reoperation and implant removal; however, the evidence level is still low 

(Jain et al., 2008; Jordan et al., 2018; Tas et al., 2019). The overall complication 

rate for any adverse event during treatment was indicated as 0–22%, but the reviews 

also include also the older IMN designs with higher complication rates (Jordan 

et al., 2018). The only studies comparing fibular IMN and ORIF reported a total 

complication rate of 0–7% in the IMN group, compared to 18–56% in the ORIF 

group (Asloum et al., 2014; Lee et al., 2007; White et al., 2016). 

Even with the mechanical deficiencies of the older fibular IMN implants, the 

overall reported deep infection rates are low for both the unlocked and locked nail 

designs and range from 0–4.8% in typical patients (Bugler et al., 2012; Carter et al., 

2019; Challagudla et al., 2018; Gehr et al., 2004; Lee et al., 2005; Rajeev et al., 
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2011; Ramasamy & Sherry, 2001; White et al., 2016; ) to 5.4–6.7% in elderly 

patients (Appleton et al., 2006; Peeperkorn et al., 2018) and to 8.2% in patients 

with diabetes (Ashman et al., 2016). These rates are significantly lower than the 

reported rates for the traditional plate-and-screw fixation (Belmont et al., 2015; 

Flynn et al., 2000; Jones et al., 2005; Korim et al., 2014; Miller et al., 2012; Ovaska 

et al., 2013; Pincus et al., 2017; Soohoo et al., 2009; Sun et al., 2018; Wukich et al., 

2010). 

The reported mean union rate was high overall, at 98% [88.9–100%] across the 

studies (Bugler et al., 2012; François et al., 1998; Gehr et al., 2004; Kabukcuoglu, 

Kucukkaya, Eren, Gorgec, & Kuzgun, 2000; Kara et al., 1999; Lee et al., 2005; Lee 

et al., 2007; McLennan & Ungersma, 1986; McLennan & Ungersma, 1988; 

Pritchett, 1993; Rajeev et al., 2011; Ramasamy & Sherry, 2001). Nevertheless, high 

rates of fracture and syndesmotic displacement during follow-up, shortening of the 

fibula and high malunion rates are associated with the older nail designs 

(Kabuckuoglu et al., 2000; Kara et al., 1999; McLennan & Ungersma, 1986, 1988). 

Conversely, with locked devices, a good reduction and stability has been achieved 

in most patients, with no increase in the MCS measurements occurring during 

follow-up (Bugler et al., 2012; Dabash et al., 2019). Most studies do not report the 

radiological outcomes, only the union rates. An OA rate of 3.7–7.5% has been 

reported in short follow-ups of two to three years (Lee et al., 2005; Ramasamy & 

Sherry, 2001; Tas et al., 2019). 

The only IMN device with both biomechanical and clinical results for stability 

is the Acumed Fibula Rod System, and it also has an integrated syndesmotic 

transfixating screw (Appleton et al., 2006; Bugler et al., 2012). The first generation 

of the nail did not include this screw, and the locking screw constructs varied; 

consequently, as many as 11–20% of the operated patients had a loss of stability 

and fixation failure (Appleton et al., 2006; Bugler et al., 2012). This led to 

development of the technique with the transfixating screw, and subsequent to the 

development of the current technique, no fixation failures were found (Bugler et al., 

2012). In a mean follow-up of over five years, a 6% failure rate was reported with 

the Fibula Rod System (Carter et al., 2019). Most of these failures (4%) were due 

to surgeon error, either intraoperatively or postoperatively (inadequate fracture 

fixation or postoperative weight-bearing instructions after syndesmotic diastasis). 

The remaining 2% were device failures, with all of them caused by pull-out of the 

proximal locking-screw (Carter et al., 2019). In addition to addressing the known 

learning curve phenomenon, respecting the surgical technique and the best possible 

reduction of the fracture, as well as acknowledging the importance of postoperative 
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care, are also critical in achieving a good outcome and avoiding mechanical 

complications (Carter et al., 2019). A reoperation rate of 4–5% due to symptomatic 

hardware has been reported in the previous studies (Bugler et al., 2012; Carter et al., 

2019; Challagundla, Shewale, Cree, & Hawkins, 2018), which is lower than the 

rate reported for plate-and-screw fixation, at 17% during two years of follow-up 

(Brown et al., 2001). 

 Fibular IMN in high-risk patients 

The fibular IMN has been proposed particularly as an operative technique for 

patients with high risks of wound complications as this technique has a smaller 

wound size and lacks prominent metalwork (White et al., 2016). Still, only a few 

studies have reported the outcomes, especially in high-risk patient groups, and the 

patient series are mostly small, at only 15 to 24 patients (Ashman et al., 2016; 

Challagundla et al., 2018; Dabash et al., 2019). The largest series of 105 patients, 

with 76% of them having major medical comorbidities, was published 2012 by the 

developers of the nail (Bugler et al., 2012). A good functional outcome has been 

reported in all these studies, with significantly lower infection rates compared to 

traditional ORIF (Ashman et al., 2016; Bugler et al., 2012; Challagundla et al., 

2018; Dabash et al., 2019). 

Age and osteoporosis increase the risk of both wound and mechanical 

complications (Aigner et al., 2017; Anderson et al., 2008; Basques et al., 2015; 

Belmont et al., 2015; Dodd et al., 2016; Koval et al., 2007; Lynde et al., 2012; 

McKissack et al., 2019; Nåsell et al., 2011; Olsen et al., 2017; Pakarinen et al., 

2011a; Pettrone et al., 1983; Soohoo et al., 2009; Sun et al., 2018; Wukich et al., 

2010; ). Positive properties of the fibular IMN are its greater torque on elderly bone 

compared to the traditional plate-and-screw fixation (Smith et al., 2017; Switaj 

et al., 2016). Clinical studies on elderly patients have shown a stable construct with 

low rates of complications (Challagundla et al., 2018; Dabash et al., 2019; White 

et al., 2016;). A recent study with an elderly patient group also showed a deep SSI 

rate of 0% in the IMN group compared to 4.3% in the ORIF group (Peeperkorn 

et al., 2018). The fibular IMN therefore appears to have advantages when treating 

elderly patients. 

Diabetes is one of most important risk factors for postoperative infection and 

other wound complications in the operative treatment of ankle fractures (Flynn 

et al., 2000; Jones et al., 2005; Pincus et al., 2017; Soohoo et al., 2009; Wukich 

et al., 2011; Ziegler et al., 2017), but only one study on 24 patients with diabetes 
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and suboptimal blood glucose levels has been published, with a mean follow-up of 

only one year (Ashman et al., 2016). An infection rate of 8.2% was found, with a 

1.6% of wound dehiscence without deep infection. This rate is significantly lower 

than those reported in studies that used traditional ORIF in patients with diabetes, 

where the wound infection risk was as high as 32–40% (Flynn et al., 2000; Jones 

et al., 2005; Pincus et al., 2017; Soohoo et al., 2009; Wukich et al., 2011). 
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3 Aims of the present study 

The aims of this thesis research were the following: 

1. To evaluate the clinical abilities of the stability-based classification in 

treatment of ankle fractures in long-term follow-up. 

2. To assess the long-term functional and QOL outcomes, as well as the possible 

late complications, re-operations and the development of OA changes after 

stability-based treatment of ankle fractures. 

3. To evaluate the long-term functional outcome and QOL after treatment of 

isolated medial malleolar fractures. 

4. To assess the complication rates, as well as functional and radiological 

outcomes, after fibular intramedullary nailing of ankle fractures in patients 

with high complication risks. 
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4 Materials and methods 

4.1 Ethics 

The ethical committee of Oulu University Hospital approved all the study protocols 

(studies I–III). All patients received a written information form and gave written 

consent to participate. 

4.2 Patients 

 Stability-based treatment of ankle fractures (I) 

The patients were first collected as an epidemiologic cohort during the year 2003. 

The functional outcome of the same patient group after two years of follow-up has 

been published before by Pakarinen et al., (2011). The cohort consisted of 160 

patients with an ankle fracture (75 males, 85 females, with a mean age of 45.6 [15–

91] years) treated at the Oulu university hospital during 2003 and included all the 

ankle fracture patients that lived in the city of Oulu at that time. The demographic 

data are presented in Table 2. A retrospective search of the medical records was 

performed to collect the injury and treatment data, as well as possible complications 

and reoperations during the long follow-up. Data regarding the concomitant 

diseases and smoking habits were also collected from the medical records. 

 Isolated medial malleolar fractures (II) 

The patients were retrospectively searched from the medical records of Oulu 

university hospital. The search identified 137 skeletally mature patients with an 

IMMF treated in our hospital during years 2000–2010. In all, 24 patients were 

excluded: seven patients had no primary radiographs taken, 14 had died during the 

follow-up for causes not related to their ankle fracture, one patient had not appeared 

to the follow-up visits during treatment and two patients had congenital mental 

retardation and were not able to understand or provide written informed consent. 

The mean age of the remaining 113 patients (83 males, 30 females) included in 

further analysis was 38 [16–75] years. The patient records were retrospectively 

reviewed, and information about treatment method, possible complications and 

reoperations were searched, and data on trauma mechanism, concomitant diseases, 
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smoking and alcohol use were collected. The demographic and treatment data are 

presented in Table 3. 

Table 2. Demographics of the patients with ankle fracture treated by stability-based 

protocol (Study I). 

Variable Stable Unstable 

Patients, n (%) 75 (47) 85 (53) 

Sex 

Male, n (%) 

Female, n (%) 

 

31 (41) 

44 (59) 

 

43 (51) 

42 (49) 

Age at the time of injury, mean (range) 43 (15–74) 40 (18–65) 

Weber Classification 

A, n (%) 

B, n (%) 

C, n (%) 

Unclassified, n (%) 

 

17 (23) 

52 (69) 

2 (3) 

4 (5) 

 

0 (0) 

68 (80) 

10 (12) 

7 (8) 

Lauge-Hansen Classification 

PA 1, n (%) 

PA 2, n (%) 

PA 3, n (%) 

PE 1, n (%) 

PE 3, n (%) 

PE 4, n (%) 

SA 1, n (%) 

SA 2, n (%) 

SE 2, n (%) 

SE 3, n (%) 

SE 4, n (%) 

Unclassified, n (%) 

 

2 (3) 

0 (0) 

0 (0) 

1 (1) 

0 (0) 

0 (0) 

17 (23) 

2 (3) 

47 (63) 

1 (1) 

3 (4) 

2 (3)  

 

3 (4) 

1 (1) 

3 (4) 

0 (0) 

5 (6) 

6 (7) 

0 (0) 

1 (1) 

0 (0) 

0 (0) 

65 (76) 

1 (1) 

 Intramedullary nailing in high-risk patients (III) 

A retrospective review of the medical records identified 49 patients with an ankle 

fracture who underwent fibular IMN during 2009–2015 in Oulu University 

Hospital. Eight patients were excluded, as the nail was used in association with a 

distal tibial fracture fixation. 

The remaining 41 patients (22 males, 19 females, mean age 68 [16–95] years) 

were included in the further analysis. The medical records were reviewed to 

identify the risk factors for surgical wound infections, including concomitant 

diseases (especially diabetes, peripheral vascular disease and neuropathy), smoking, 
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alcohol use, trauma mechanism and the degree of soft tissue injury. Information 

about possible staged treatment protocols and any complications and reoperations 

were collected. 

Table 3. Demographics of the patients with isolated medial malleolar fracture (IMMF) 

(Study II). 

Variable Nonoperative Operative 

Patients, n 53  60  

Sex 

Male, n (%) 

Female, n (%) 

 

38 (72) 

15 (28) 

 

45 (75) 

15 (25) 

Age at the time of injury, mean (range) 37 (16–75) 38 (16–75) 

Fracture Classification, n (%) 

Herscovici A 

Herscovici B 

Herscovici C 

Herscovici D 

 

16 (30) 

18 (34) 

7 (13) 

12 (23) 

 

5 (8) 

21 (35) 

16 (27) 

18 (30) 

All 41 patients had multiple risk factors and were deemed high-risk patients. 

Fracture-dislocation was diagnosed on arrival at the emergency department for 31 

patients, and four patients had an open fracture. The demographic risk factors data 

are presented in Table 4. 

4.3 Interventions 

 Stability-based treatment of ankle fractures (I) 

All patients were first assessed at the Oulu university hospital emergency 

department. Lateral and mortise ankle radiographs were taken, and the decision 

between operative and nonoperative treatment was made based on our stability 

classification (Michelson et al., 2007; Pakarinen et al., 2011a). Fracture patterns 

considered stable were: 

– Isolated lateral malleolar fractures without talar shift on initial radiographs and 

without medial tenderness or effusion 

– Isolated lateral malleolar fractures, with medial tenderness or hematoma, but 

without talar shift on mortise radiographs and with negative manual ER stress 

test 
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– Isolated nondisplaced medial malleolar fractures. 

Fracture patterns considered unstable were: 

– Bi- and trimalleolar fractures 

– High fibular fractures and lateral malleolar fractures with medial side injury 

and positive manual ER stress test 

– Lateral malleolar fractures with any talar shift or talar tilt on ankle mortise or 

lateral radiographs 

– Displaced medial malleolar fractures 

Table 4. Demographics of the patients treated with intramedullary nailing (IMN) (Study 

III). 

Variable IMN 

Patients (n) 41 

Sex 

Male, n (%) 

Female, n (%) 

 

22 (54) 

19 (46) 

Age at the time of injury, mean (range) 68 (16–95) 

Comorbidities 

Diabetes Mellitus, n (%) 

ASO, n (%) 

Neuropathic disease, n (%) 

Ischemic heart disease, n (%) 

Hypertension, n (%) 

Alcoholism, n (%) 

Smoking, n (%) 

 

12 (29) 

3 (7) 

3 (7) 

7 (17) 

16 (39) 

7 (17) 

3 (7) 

Multiple comorbidities 

Two on a same patient, n (%) 

Three on a same patient, n (%) 

Four or more on a same patient, n (%) 

33 (80) 

11 (27) 

14 (34) 

8 (2) 

Fracture-joint dislocation, n (%) 31 (76) 

Lauge-Hansen 

SE 2, n (%) 

SE 4, n (%) 

 

4 (10) 

37 (90) 

Weber 

B, n (%) 

C, n (%) 

 

33 (80) 

8 (20) 

Considering the stability classification above, 75 (47%) patients had a stable 

fracture that was treated nonoperatively. The standardised treatment protocol was 
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a below-the-knee synthetic plaster cast, or with a removable ankle orthosis for a 

mean of 38 days [21–48], with weight bearing allowed as tolerated. 

The remaining 85 patients (53%) had an ankle fracture deemed unstable and 

requiring operative treatment. The operative treatment was performed following 

the AO principles of fracture fixation (Ruedi, Buckley, & Moran, 2007). After 

fixation of the malleoli, a perioperative ER stress test was performed and the 

syndesmosis was fixed if the ankle mortise was still unstable. A standardised 

protocol was applied, and on the first postoperative day, standard below-the-knee 

cast applied for 6 weeks (mean 42 [21–56] days), and weight bearing was allowed 

as tolerated. 

Five cases with potentially unstable fracture patterns were treated 

nonoperatively; one was a bedbound patient with advanced dementia and a 

bimalleolar fracture with no talar shift, another patient had a progressive 

neurological disease and a trimalleolar fracture. The stability of the potentially 

unstable fractures of the remaining three patients was assessed and the fractures 

were deemed stable. Two patients had lateral unimalleolar fractures above the ankle 

joint level; the first patient had a negative ER stress test and the other patient had a 

congruent ankle mortise in the standing radiographs after full weight-bearing 

walking for a week before the visit to the emergency department. In addition, one 

patient with a lateral malleolar fracture, a small avulsion of the posterior tibia and 

a negative ER stress test was treated nonoperatively. 

 Isolated medial malleolar fractures (II) 

All patients were first assessed at the Oulu university hospital emergency 

department. The senior orthopaedic trauma surgeon was responsible for the final 

decision regarding the method of treatment, based on plain mortise and lateral ankle 

radiographs. If instability of the ankle mortise was suspected, a manual ER stress 

test was conducted. If a proximal fibular fracture was suspected, radiographs of the 

leg were also taken to rule out a proximal fibular fracture. If a proximal fibular 

fracture was found, the fracture was not classified as an IMMF and the patient was 

excluded from the study. 

A total of 60 patients were treated operatively, either with open reduction and 

screw fixation (57 patients), Kirschner wires only or a Kirschner wire with a screw 

(2 patients), or a tension band fixation (1 patient). A short leg cast was applied on 

the first postoperative day. Different weight-bearing instructions were used, 

depending on the surgeon’s preference. At two weeks, the cast was changed and the 



 

52 

sutures removed. After five to six weeks, an outpatient clinic control was carried 

out, the cast was removed and radiographs were taken. 

The remaining 53 patients were treated nonoperatively with a cast for five to 

six weeks; again, the weight-bearing protocol varied depending on surgeon’s 

preferences. An outpatient clinic control with ankle radiographs was scheduled at 

two weeks and again after five to six weeks. 

 Intramedullary nailing (III) 

All patients were first assessed at the Oulu university hospital emergency 

department. If a fracture-dislocation was diagnosed, immediate closed reduction 

and splinting were performed after arrival. The standard mortise and lateral ankle 

radiographs were taken to assess the congruence of the ankle mortise and the type 

of fracture. Soft tissue injuries were recorded before splinting. Open fracture 

wounds were flushed with sterile saline and covered with sterile dressing, and 

antibiotic treatment was started (third-generation cephalosporin and 

metronidazole). 

In total, 28 patients (68%) were treated with a staged protocol. These patients 

who had severe soft tissue injuries that did not allow early definitive fixation 

received either an external fixation device (n = 15) or cast immobilisation (n = 13) 

to allow the soft tissues to settle. 

Definitive fracture fixations were performed at a mean of 10 [1–16] days after 

the initial injury. The timing of the operation was based on the soft-tissue condition, 

i.e. after the post-traumatic swelling had subsided and no blood-filled blisters were 

found at the site of the planned surgical incision. The timing of fixation was 

determined by having a senior trauma orthopaedic surgeon assess the 

patient-associated and trauma-associated risk factors and the severity of the soft 

tissue injury. A plastic surgeon was consulted in cases of severe soft tissue injuries 

or open fractures. 

The fracture fixation was performed according to the mini-invasive standard 

operative technique of the Acumed Fibula-Rod System (Acumed, Hillsboro, OR, 

USA). The operative technique was developed during the data collection period 

(Bugler et al., 2012) and we changed our technique accordingly. A transfixative 

syndesmotic screw was added to the operative protocol after 12 patients were 

treated; thus, 29 patients received the transfixation screw. One (n = 20) or two 

(n = 21) distal locking screws were used, depending on the bone quality and the 
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stability of the fixation. For bi- and trimalleolar fractures, a standard screw fixation 

was used for the medial and posterior malleolus, when needed. 

Postoperative cast immobilisation was applied for four (n = 16) or six (n = 25) 

weeks, depending on the senior orthopaedic surgeon’s preference. The weight-

bearing protocol varied from non-weightbearing (n = 4) to partial weightbearing 

(15–20 kg, n = 34) to full weightbearing (n = 2). The medical records missed the 

weightbearing instructions of one patient. 

Ten patients required additional soft tissue procedures. Six of these ten patients 

were under the influence of alcohol at the time of the trauma and had alcohol 

abuse/excessive use of alcohol diagnosed in their patient records. Two of these 

addict patients had an open fractures and an additional two open fractures were 

diagnosed in two elderly patients with multiple comorbidities and a low energy 

trauma. All open fracture wounds were on the medial side. Two patients with high 

energy motor accidents also required additional operations; one of these patients 

had severe soft tissue injuries in the leg and required fasciotomies. All ten patients 

were treated with staged treatment protocols; eight patients were treated with an 

external fixation device. 

The final IMN fixation was performed for a mean of 13 [6–16] days after the 

initial injury for patients with additional procedures. Six patients required flap 

reconstruction; five of these patients were operated on by a plastic surgeon 3–10 

days after the IMN fixation, one patient had the flap reconstruction on the medial 

side during the same operation after fibular IMN. All open fracture patients 

required a flap reconstruction; three patients with medial side injuries had one 

anterolateral thigh flap, one gracilis flap and one rotational muscle flap 

reconstruction. One patient with a week-old open fracture and severe soft tissue 

damage on both sides also required a peroneus brevis flap laterally and a medial 

skin graft. Two additional patients had a lateral side reconstruction with a peroneus 

brevis flap and a medial skin graft; one of these patients had a high energy injury, 

degloving and necrosis on the lateral side, and the other patient had a fracture-

dislocation, as well as severe soft tissue injury on both sides of the ankle. Before 

the final surgical reconstruction, the patients required a mean of 2.7 [1–5] revision 

surgeries. 

In addition to six patients requiring flap reconstruction, four patients had 

revision surgeries; three of them also required skin grafting. Two of these patients 

had soft tissue injuries on the medial side, one patient had revisions and skin 

grafting due to fasciotomies in the leg, and one patient had an old chronic ulcer 
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anterolaterally that had to be treated operatively alongside the ankle fracture 

treatment. 

4.4 Follow-up 

 Stability-based treatment of ankle fractures (I) 

After a mean follow-up of 12.3 years (mean 148 [138–161] months), 26 (16%) 

patients had died for causes not related their ankle fracture. In addition, seven 

patients (4%) had advanced-staged dementia and were unable to understand or 

provide the written informed consent or complete the questionnaires, one patient 

(1%) had a muscle dystrophy disease strongly affecting motility and one (1%) had 

had a below-the-knee amputation for reasons not involving the ankle fracture. 

The remaining 125 patients were contacted by phone or mail. Twenty-three 

patients were lost to follow-up and were not reached regardless of repetitive phone 

calls or letters. Of the remaining 102 patients (with 102 fractures) who were 

reached, 67 visited the outpatient clinic and the rest of the group completed the 

questionnaires via telephone interview (n = 20) or by mail (n = 15). 

The complication and reoperation data were collected from the medical records 

of all 160 patients after the mean of 12 years of follow-up. The participating 

patients were also asked about possible operations in other hospitals. The follow-

up data are presented in Table 5. 

 Isolated medial malleolar fractures (II) 

After a mean follow-up of 9.5 years (SD 2.8, [4.3–15.2]) the patients were 

contacted by phone to inform them about the on-going study, and the outcome 

questionnaires were sent to patients by postal mail. Those patients who did not 

return the questionnaires were again contacted by telephone, and the same 

questionnaires were completed during a telephone interview. Of the 113 patients, 

eight (7%) were lost to follow-up. The overall answer rate was 93%, with 84 

patients returning the outcome questionnaires by mail and the rest of the patients 

(n = 21) giving answers to the questionnaires during a telephone interview. The 

follow-up data are presented in Table 5. 
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Table 5. Follow-up data of studies I–III. 

Study Originally 

included 

Follow-up 

(years) 

Outpatient 

clinic 

X-rays CBCT Questionnaires 

Stability-based, Study I       

Stable 75 12.2 35 35 - 51 

Unstable 85 12.4 32 32 - 51 

All patients 160 12.3 67 67 - 102 

IMMF, Study II       

Nonoperative 53 8.3 - - - 48 

Operative 60 9.3 - - - 57 

All 113 8.8 - - - 105 

Fibular IMN, Study III       

All 41 2.4 21 21 21 28 

 Intramedullary nailing (III) 

After a minimum of two years post-surgery (mean 43 months [24–89]), patients 

were contacted by phone or mail and invited to a follow-up visit at the orthopaedic 

outpatient clinic. Eight patients (19.5%) had died during follow-up, three patients 

(7%) had advanced-staged dementia and could not understand the written informed 

consent or complete the questionnaires and two patients (5%) were lost to follow-

up. Of the remaining 28 patients, 21 visited the outpatient clinic, and seven 

completed the functional outcome questionnaires via a telephone interview. 

Standard standing mortise and lateral view ankle radiographs were taken, and 

CBCT scans were performed for both ankles on the 21 patients who visited the 

outpatient clinic. The possible re-operations, infections and other complications 

searched from the medical records were recorded for all 41 included patients. A 

deep postoperative infection was defined as an infection requiring reoperation and 

additional use of antibiotics. The follow-up data are presented in Table 5. 

4.5 Functional outcome measures 

 Olerud-Molander score 

The primary functional outcome measure for all the three studies was the OMAS 

(Nilsson, Eneroth, & Ekdahl, 2013; Olerud & Molander, 1984). The OMAS is a 

validated, patient-reported, ankle-specific outcome questionnaire which is widely 

used in ankle fracture outcome studies. The OMAS has also been validated by 
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comparison to the Visual Analogue Scale (VAS), ROM, OA and the fracture 

dislocation (Holzer et al., 2015; Nilsson et al., 2013; Olerud & Molander, 1984). 

The scale extends from 0 to 100, with higher scores indicating better outcomes. The 

OMAS presents excellent (91–100), good (61–90), fair (31–60) and poor (0–30) 

functional outcomes. The smallest clinically important difference in the OMAS is 

12 points (Nilsson et al., 2013; Kortekangas et al., 2019). 

 Visual Analogue Scale 

VAS measurements assess the patient-reported values of pain (VAS pain) and 

function (VAS function) on a 100 mm long horizontal line (Chapman et al., 1985). 

In this study, the measures were made with a continuum from “no pain” to “extreme 

amount of pain” on the VAS pain scale, and from “no functional impairments” to 

“total impairment” on the VAS function scale. The patients marked the line 

according to their perception of their current state, and the score was determined 

by measuring the distance of the mark in millimetres (Chapman et al., 1985), with 

lower scores indicating better outcomes. 

 Foot and Ankle Outcome Score 

The functional outcome was also assessed with the Foot and Ankle Outcome Score 

(FAOS) questionnaire, a patient-reported questionnaire published originally in 

2001 in Foot and Ankle International (Berkes et al., 2012; Golightly et al., 2014;  

Roos, Brandsson, & Karlsson, 2001). The FAOS has five domains (pain, other 

symptoms, activities in daily living [ADL], sports and foot and ankle related QOL) 

from 0 to 100, with higher scores indicating better outcomes. The minimal 

clinically important difference is 10 points (Roos et al., 2001) 

 RAND 36 Item Health Survey 

Patient-reported QOL was measured with the RAND 36 item health survey (RAND 

36) (Aalto et al., 1999; Brazier et al., 1992; Hays & Morales, 2001). The RAND 36 

has 8 subscales ranging from 0 to 100, with higher scores indicating better QOL. 

The subscales of the RAND 36 are physical functioning, role limitations due to 

physical health, role limitations due to emotional problems, energy/fatigue, 

emotional well-being, social functioning, pain and general health. The RAND 36 

scores of the study patients were compared to the normal Finnish age-adjusted and 
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sex-adjusted population means, with the age adjustment made in 10-year age 

groups (Aalto et al., 1999). 

 Range-of-motion measurements 

The study group physiotherapist measured the dorsiflexion and plantarflexion 

ROM with a goniometer (Lindsjö et al., 1985; Norkin & White, 2003). The 

measurements were made with the ankle joint under loading. The patient was asked 

to put the feet on a stool and then to lean maximally forward without lifting the 

heel. Dorsiflexion was measured from the angle formed by the foot and the axis of 

the leg. The plantarflexion was measured likewise, but with the heel maximally 

elevated (Lindsjö et al., 1985). 

4.6 Radiological classifications and outcome measures 

 Ankle fracture classifications 

The fractures were classified according to the stability criteria (studies I and III), as 

well as by the Danis-Weber (Danis, 1949; Weber, 1972) and Lauge-Hansen (Lauge-

Hansen, 1950) classifications (studies I and III). The isolated medial malleolar 

fractures (study II) were retrospectively classified according to Herscovici et al. 

(2007) during data collection for study II. The initial fracture displacement of the 

medial malleolar fracture patients was measured from the primary mortise 

radiographs (study II). 

 Kellgren-Lawrence scale 

Standard standing mortise and lateral-view ankle radiographs of both the injured 

and the uninjured ankles were taken at the control visit in the orthopaedic outpatient 

clinic in studies I and III. The possible findings and grade of the ankle joint OA 

(studies I and III) was evaluated by a musculoskeletal radiologist blinded to the 

clinical outcome. OA was determined using the Kellgren-Lawrence (K-L) OA scale 

(Holzer et al., 2015; Kellgren & Lawrence, 1957), which is the most widely used 

OA classification (Holzer et al., 2015). The scale has a range from 0 to 4, and the 

threshold for OA diagnosis is grade 2 (Table 6) (Kellgren & Lawrence, 1957). 
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Table 6. Kellgren-Lawrence Scale. 

Grade Description 

0 Normal 

1 Minute osteophyte of doubtful significance 

2  Definite osteophyte, joint space unimpaired 

3 Moderate diminution of joint space 

4 Joint space greatly impaired, subchondral sclerosis 

 Radiological reduction of the ankle mortise 

The medial clear space (MCS) and tibiofibular clear space (TFCS) were measured 

in studies I and III from the standard radiographs taken after the casting or operative 

treatment (usually on the first postoperative day), and after the follow-up (Goergen, 

Danzig, Resnick, & Owen, 1977; Joy et al., 1974; Sclafani, 1985; Brage, Bennett, 

Whitehurst, Getty, & Toledano, 1997). The measurements were recorded within 1 

mm accuracy by two independent researchers of the study group. 

The reduction of the distal tibiofibular joint in study III was assessed from cone 

beam computed tomography (CBCT) scans according to Mukhopadhyay et al. 

(2011): 

[(Anterior Width (AW) injured ankle – AW uninjured ankle) + [(Posterior 

Width (PW) injured ankle – PW uninjured ankle)]/2. 

The measurements were performed in 1 mm bone window slices, and a side-to-side 

difference of > 2 mm was considered to indicate malreduction of the distal 

tibiofibular joint (Elgafy, Semaan, Blessinger, Wassef, & Ebraheim, 2010; Gardner, 

Demetrakopoulos, Briggs, Helfet, & Lorich, 2006a; Kortekangas et al., 2015; 

Mukhopadhyay et al., 2011) (Fig. 8). 

4.7 Statistical methods 

The statistical analyses were performed using SPSS statistics (IBM, Armonk, NY), 

versions 23.0 and 25.0. The continuous measurements are presented as means with 

standard deviations (SD) and ranges, with categorical data as frequencies and 

proportions. 

The paired samples t-test was used to analyse the within-group changes at 

different follow-up time points or for repeated measures. The independent samples 

t-test was used to compare the means of independent groups for continuous 
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variables, and a one-sample t-test was used when comparing the study group 

continuous variables to the normal population means. The X2 test was used to test 

the relationships of the categorical data. The Wilcoxon signed rank test was used 

to analyse the differences in the ordinal categorical data. 

One-way ANOVA with Tukey’s post hoc test was used when comparing 

between-group differences with multiple groups.  

A p-value < 0.05 was considered statistically significant. 

 

Fig. 8. Anterior width (AW) and posterior width (PW) measurements of uninjured (A) and 

injured (B) ankle, according to Mukhopadhyay et al. (2011). 
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5 Results 

5.1 Stability-based treatment of ankle fractures – the functional 

and radiological outcome after 11–13 years of follow-up (I) 

Functional and QOL outcome measures 

After the long follow-up, the mean OMAS was 92 [20–100] in the stable fractures 

group and 86 [30–100] in the unstable operatively treated group. Regarding the 

OMAS, good or excellent outcomes were reported by 96% of the patients with a 

fracture deemed stable, and no significant changes were detected from two to 

twelve years of follow-up. The mean change in OMAS was -0.7 points (95% 

Confidence Interval (CI) -3.2–4.6, p = 0.708). Conversely, the patients with an 

unstable, operatively treated ankle fracture reported a significant improvement in 

the OMAS of 4.6 points (95% CI 0.3–12.9, p = 0.040) between the follow-up 

timepoints, with 82% reporting a good or excellent outcome after the long follow-

up (Table 7). 

Table 7. Functional Outcome Scores after the stability-based treatment of ankle 

fractures (Study I, n = 102). 

Measure 2 Years 12 years Mean Change p 

Olerud-Molander     

Stable  93 (15) 92 (16) -0.7 0.708 

Unstable  80 (23) 84 (21) 4.6 0.040 

VAS pain     

Stable 7 (15) 7 (14) -1.0 0.572 

Unstable 20 (28) 12 (16) -8.4 0.032 

VAS function     

Stable 8 (14) 10 (20) 1.4 0.591 

Unstable 19 (27) 16 (21) -3.6 0.372 

The VAS scores are presented also in Table 7, and neither VAS pain nor VAS 

function changed significantly in the stable fracture group during the follow-up 

timepoints. In the unstable fracture group, as with the OMAS, the VAS pain scores 

also improved significantly by -8.4 points (95% CI from -16.1 to -0.7, p = 0.032) 

from two to twelve years of follow-up. 
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The FAOS was also assessed, and it showed a good outcome on all five 

domains of the questionnaire (Table 8), with a total FAOS score of 93.5 for the 

patients with a stable fracture and 83.8 for those with an unstable fracture. 

Table 8. Foot and Ankle Outcome Scores after stability-based treatment of ankle 

fractures (Study I, n = 102). 

Measure Stable  Unstable 

Mean  (range) SD Mean  (range) SD 

FAOS Symptoms 90.9  (53.6–100) 12.1  81.1  (28.6–100) 19.1 

FAOS Pain 95.9  (55.6–100) 10.7 89.4  (55.6–100) 13.2 

FAOS ADL 97.1  (44.1–100) 9.6 91.4  (50.0–100) 14.7 

FAOS Sports 91.6  (0–100) 20.6 76.5  (0–100) 29.5 

FAOS QOL 91.5  (18.8–100) 18.5 79.4  (31.3–100) 21.4 

FAOS Total 93.5  (36.4–100) 13.0 83.8  (35.4–100) 18.7 

The mean ROM was within the normal limits of the ankle joint. The mean 

dorsiflexion was 30.4 [15–40] degrees and plantarflexion was 51.6 [35–70] degrees 

in the stable fracture group. In the unstable group, the dorsiflexion was 27.5 [0–35] 

degrees and plantarflexion was 50.7 [0–65] degrees. Two patients with an unstable 

fracture ended up with ankle arthrodesis, explaining the 0 degrees of motion. 

The RAND 36 scores became normalised during the first two years of follow-

up and no within-group changes were seen from two to twelve years from injury 

(Table 9). The QOL was also comparable to that of the normal Finnish population, 

with no significant differences in the means (Table 10). 

Radiological measurements 

In the stable fracture group, 11 (31%) of the patients showed at least K-L grade 2 

OA in the injured ankle. No significant difference was detected between the K-L 

OA grades of the injured and uninjured ankles, and only 6 patients (17%) had OA 

one or more grade more serious in the injured ankle (p = 0.157). Conversely, 17 

(56%) patients with an unstable fracture pattern presented with at least K-L 2 OA 

in the injured ankle, and 16 (50%) had one or more grades of serious OA in the 

injured ankle (p = 0.001) (Table 11). 

The MCS and TFCS measurements showed significant differences only for the 

mean MCS of the unstable ankles when comparing the post-operative and the 

follow-up measurements (mean difference -0.4 mm, p = 0.008). Otherwise, no 
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significant differences were detected when comparing the injured and uninjured 

ankles. 

Table 9. RAND 36 QOL outcome scores after the stability-based treatment of ankle 

fractures (Study I, n = 102). 

Measure 2 Years 12 years Mean change p 

Physical Functioning     

Stable 88.3 83.3 5.0 0.244 

Unstable 84.8 79.7 5.2 0.114 

Role Limitations /Physical Health     

Stable 76.7 78.3 -1.7 0.844 

Unstable 80.6 70.2 10.5 0.091 

Role Limitations /Emotional Problems     

Stable 77.8 82.2 -4.4 0.614 

Unstable 79.3 74.7 4.6 0.526 

Social Functioning     

Stable 83.3 85.4 -2.1 0.646 

Unstable 83.5 81.9 1.6 0.645 

Pain     

Stable 81.1 82.0 -0.9 0.850 

Unstable 75.8 72.7 3.1 0.446 

Emotional Wellbeing     

Stable 76.8 78.4 -1.6 0.672 

Unstable 69.8 75.6 -5.8 0.099 

Energy / Fatigue     

Stable 65.7 73.2 -7.5 0.069 

Unstable 63.5 67.4 -3.9 0.269 

General Health     

Stable 65.8 64.0 1.8 0.613 

Unstable 65.4 64.0 1.4 0.661 

Complications and reoperations 

None of the patients with an ankle fracture deemed stable needed operative 

interventions related to the ankle fracture during the long-term follow-up. 

Of the operatively treated patients with an unstable fracture, 30 (35%) were 

reoperated during the 12 years of follow-up. Five patients were reoperated at the 

early stages of follow-up; postoperative infection requiring surgical revision was 

diagnosed in three (4%) patients, whereas two (2%) patients were re-operated due 

to malreduction, one on the second postoperative day due to a widened ankle 
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mortise apparent in the postoperative radiograph and the other for the same reason, 

but detected at the two-week follow-up. 

Table 10. The RAND 36 QOL comparison of the age-adjusted and sex-adjusted normal 

population means, after stability-based treatment of ankle fractures (Study I) after a 

mean of 12 years of follow-up. 

Measure Mean 

Difference 

95 % Confidence Interval p 

Lower Upper 

Physical Functioning     

Stable 8.3 0.6 16.0 0.036 

Unstable -0.9 -10.5 8.5 0.834 

Role Limitations /Physical Health     

Stable 13.8 2.8 24.8 0.015 

Unstable -1.8 -16.9 13.2 0.803 

Role Limitations /Emotional Problems     

Stable 17.5 7.7 27.2 0.001 

Unstable 0.8 -11.8 13.4 0.899 

Social Functioning     

Stable 5.6 -0.8 12.0 0.087 

Unstable 1.3 -5.9 8.4 0.723 

Pain     

Stable 11.2 3.6 18.8 0.005 

Unstable 0.2 -7.9 8.3 0.959 

Emotional Wellbeing     

Stable 6.1 0.1 12.0 0.045 

Unstable 3.4 -2.5 9.3 0.253 

Energy / Fatigue     

Stable 11.6 5.6 17.5 0.000 

Unstable 6.0 -1.1 13.1 0.093 

General Health     

Stable 6.6 -0.2 13.4 0.058 

Unstable 4.7 -2.7 12.1 0.209 

From 2–12 years of follow-up, 28 (32%) patients underwent reoperations. 

Hardware removal was performed in 23 (27%) patients due to local soft tissue 

irritation, and six (7%) of these patients also required an arthroscopic ankle joint 

debridement in addition of the hardware removal. Asymptomatic syndesmotic 

screws were also removed (n = 5) according to the treatment recommendations of 

that time. Two patients (2%) had a late deep infection, which was treated with 

wound revisions and hardware removal. A tibiotalar fusion for end-stage 
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posttraumatic osteoarthritis was performed in two (2%) patients; both of these 

patients were reoperated at the early stages, one for an early postoperative infection 

and the other due to a widened ankle mortise apparent in the early follow-up. 

Table 11. OA Grade according to the Kellgren-Lawrence Classification after the 

stability-based treatment of ankle fractures (Study I, n = 67)) after a mean of 12 years of 

follow-up . 

Grade of OA Stable Fracture1  Unstable Fracture2 

Uninjured Injured Uninjured Injured 

K-L 0, n (%) 5 (14) 2 (6)  6 (19) 2 (6) 

K-L 1, n (%) 20 (57) 22 (63) 18 (56) 13 (41) 

K-L 2, n (%) 10 (29) 11 (31) 8 (25) 15 (47) 

K-L 3, n (%) 0 (0) 0 (0) 0 (0) 2 (6) 

K-L 4, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 

1KL Grade in the injured ankle more severe by one or more grades, n (%) = 6 (17), p = 0.157 
2KL Grade in the injured ankle more severe by one or more grades, n (%) = 16 (50), p = 0.001 

5.2 The functional outcome and quality of life after treatment of 

isolated medial malleolar fractures (II) 

Functional and QOL outcome measures 

The mean OMAS was 87 (SD 17.0, [20–100]) in the nonoperatively treated patients 

and 85 (SD 20.7, [20–100] in the operatively treated group (Tables 12 and 13). In 

both groups, the outcome scores (OMAS, FAOS) decreased significantly with 

increasing primary displacement of the fracture, regardless of the treatment method 

(Tables 12 and 13). When regarding the VAS pain and function scores, no 

significant difference was found among the nonoperatively treated patients (Table 

11). By contrast, both VAS scores decreased significantly with increasing 

dislocation in the operatively treated group (Table 12). 

The RAND 36 scores of the whole study population were compared to the 

normal Finnish age-adjusted and sex-adjusted population means (Table 14). No 

significantly lower scores were found. Instead, nonoperatively treated patients 

presented statistically better scores in role limitations due to emotional problems 

and energy/fatigue domains, and both groups showed better scores in the emotional 

wellbeing domain (Table 14). 
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Table 12. Functional results after the nonoperative treatment of IMMF (Study II, n = 48). 

Measure All 0 mm 

dislocation 

1 mm 

dislocation 

2 mm 

dislocation 

p 

OMAS 86.9 (17.0) 92.9 (9.9) 90.0 (17.8) 79.4 (18.2) 0.021 

FAOS Symptoms 83.1 (18.2) 89.2 (10.3) 90.0 (10.0) 73.9 (22.9) 0.027 

FAOS Pain 92.0 (9.4) 95.9 (6.2) 97.2 (4.5) 85.5 (10.3) 0.001 

VAS Pain 9.8 (17.8) 9.0 (17.6) 6.9 (19.4) 13.4 (16.9) 0.310 

VAS Function 13.1 (19.0) 13.3 (19.6) 7.7 (12.0) 18.4 (23.2) 0.150 

Table 13. Functional results after the operative treatment of IMMF (Study II, n = 57). 

Measure All 1 mm 

dislocation 

2 mm 

dislocation 

> 2 mm 

dislocation 

p 

OMAS 84.9 (20.7) 86.6 (21.0) 92.1 (10.2) 69.3 (27.0) 0.008 

FAOS Symptoms 79.4 (17.6) 78.6 (17.9) 86.7 (11.6) 63.2 (19.6) 0.004 

FAOS Pain 90.4 (15.1) 89.0 (12.2) 97.0 (5.2) 74.8 (23.9) < 0.001 

VAS Pain 9.3 (18.7) 8.3 (15.2) 2.7 (4.9) 22.9 (30.1) 0.002 

VAS Function 12.4 (21.1) 12.4 (20.8) 4.3 (6.6) 27.3 (30.6) 0.001 

Complications and reoperations 

No operative interventions were needed when the fracture was treated 

nonoperatively, even in the long follow-up. In the operatively treated group, three 

patients (5%) underwent reoperation; two patients due to mechanical irritation of 

the fixation material and one patient due to a late deep infection. 

5.3 Fibular nailing for fixation of ankle fractures in patients at high 

risk of surgical wound infection (III) 

Functional and QOL outcome measures 

The patients in study III reported overall good functional outcomes, which are 

presented in Table 15. The patient-reported QOL scores measured by the RAND 36 

became normalised during the follow-up and did not differ from the normal Finnish 

age-adjusted and sex-adjusted population means (Table 16). The mean 

plantarflexion and dorsiflexion values were 35 (SD 11) and 21 (SD 7) degrees, 

respectively, in the injured ankles and 49 (SD 8) and 29 (SD 6), respectively, in the 

uninjured ankles. The differences between the injured and the uninjured ankles 

were statistically significant, at 14 degrees in plantarflexion (p = 0.01) and 8 
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degrees in dorsiflexion (p = 0.02), and in all the differences in total ROM, at 21 

degrees (p = 0.001). 

Table 14. The RAND 36 quality of life (QOL) outcome and comparison to the normal 

Finnish age-adjusted and sex-adjusted population means after treatment of IMMF 

(Study II, n = 105). 

Measure Mean  

(SD) 

Mean difference 

(SD) 

95 % 

Confidence Interval 

p 

Lower Upper 

Physical Functioning      

Nonoperative 83.6 (22.8) -1.2 (21.7) -10.3 4.3 0.407 

Operative 78.5 (30.7) -11.2 (28.7) -18.0 0.2 0.065 

Role Limitations /Physical Health      

Nonoperative 80.6 (35.1) 2.4 (36.6) -9.1 14.3 0.578 

Operative 70.3 (40.5) -10.0 (36.2) -19.9 3.6 0.170 

Role Limitations /Emotional Problems      

Nonoperative 88.3 (29.8) 11.7 (32.5) 2.3 21.3 0.017 

Operative 79.9 (38.7) 1.7 (36.9) -9.0 13.5 0.684 

Social Functioning      

Nonoperative 85.6 (27.4) 2.7 (28.1) -6.0 11.5 0.525 

Operative 83.1 (26.4) -0.3 (25.7) -7.6 7.7 0.990 

Pain      

Nonoperative 73.4 (25.3) -1.5 (24.6) -12.3 3.8 0.293 

Operative 70.4 (28.2) -8.8 (28.0) -15.9 0.4 0.062 

Emotional Wellbeing      

Nonoperative 80.6 (14.8) 6.5 (15.4) 1.7 11.1 0.009 

Operative 81.3 (19.2) 7.0 (19.2) 2.5 13.6 0.006 

Energy / Fatigue      

Nonoperative 71.5 (16.1) 6.0 (17.2) 1.3 11.5 0.016 

Operative 69.5 (20.5) 3.7 (20.6) -2.0 9.9 0.189 

General Health      

Nonoperative 67.8 (19.3) 2.7 (21.4) -4.3 8.1 0.537 

Operative 66.3 (23.6) -1.2 (22.1) -7.3 6.4 0.903 

Radiological outcome 

All the fractures formed a bony union during follow-up, and no nonunions were 

detected. The K-L OA grades were significantly different between the injured and 

uninjured ankles. In 84% of the patients, osteoarthritis was more serious by one or 

more grades in the injured ankle than in the uninjured ankle (p = < 0.05) (Table 17). 
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Table 15. Functional outcome measures after fibular IMN (Study III, n = 28). 

Measure Mean (SD) 

Olerud-Molander 67 (28) 

VAS Pain 17 (24) 

VAS Function 30 (28) 

FAOS Symptoms 69 (28) 

FAOS ADL 84 (23) 

FAOS Sports 62 (38) 

FAOS Pain 86 (19) 

FAOS QOL 62(34) 

Table 16. RAND 36 QOL outcomes and comparison to the normal Finnish age-adjusted 

and sex adjusted population means after fibular IMN (Study III, n = 28). 

Measure Mean (SD) Mean 

Difference 

95 % Confidence Interval p 

Lower Upper 

Physical Functioning 61.2 (32.1) -4.7 -20.3 10.9 0.534 

Pain 69.8 (27.9) 3.1 -11.0 17.3 0.647 

General Health 56.9 (20.7) 4.5 -6.6 15.6 0.406 

Role Limitations / Physical 56.7 (41.8) 3.7 -17.6 25.1 0.720 

Role Limitations / Emotional 76.2 (41.0) 13.2 -7.8 34.3 0.205 

Energy / Fatigue 65.7 (24.9) 5.3 -6.8 17.4 0.374 

Emotional Well-being 73.9 (20.1) -0.1 -9.4 9.1 0.976 

Social Functioning 76.3 (25.3) -1.2 -12.9 10.5 0.835 

Table 17. OA Grade according to Kellgren-Lawrence Classification after fibular IMN 

(Study III). 

Grade of OA Uninjured Injured1 

K-L 0, n (%) 7 (33) 0 (0) 

K-L 1, n (%) 12 (57) 6 (29) 

K-L 2, n (%) 2 (10) 11 (52) 

K-L 3, n (%) 0 (0) 2 (10) 

K-L 4, n (%) 0 (0) 2 (10) 

1KL Grade in the injured ankle more severe by one or more grades, n (%) = 18 / 21, p < 0.05 

MCS and TFCS measurements evaluating the ankle mortise presented no 

significant differences between the postoperative and the follow-up radiographs of 

the injured ankle. The MCS measurements of the injured ankle were 3.6 mm (SD 

0.9) postoperatively, and 3.2 mm (SD 1.1) in the follow-up radiographs (p = 0.580), 

and the TFCS measurements were 4.4 mm (SD 3.2) and 5.4 mm (SD 2.2) 

(p = 0.220), respectively. When comparing the MCS and TFCS in the radiographs 
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taken of the injured and uninjured ankle after the follow-up, the TFCS 

measurements showed a statistically significant difference of a mean 1.6 mm 

between the uninjured and injured ankle (p = 0.001). 

According to the CBCT scan measurements (Mukhopadhyay et al., 2011), the 

side-to-side difference in the distal tibiofibular joint was > 2 mm and considered 

malreduced in 2 of the 21 patients. 

Complications and reoperations 

No surgical wound infections (wounds due to fibular nailing) were found during 

the follow-up. One patient had an open fracture wound infection on the medial side 

of the ankle, and the wound was surgically revised. 

Four patients (10%) underwent reoperations during follow-up. Two patients 

with a bimalleolar open fracture underwent plate-and-screw fixations at a mean of 

five days after initial operation. These patients displayed an incongruent ankle 

mortise detected on the postoperative radiographs and CBCT scans. One patient, 

also with a bimalleolar fracture, needed a reoperation and syndesmosis screw 

fixation due to a malreduction of the fibula detected on CBCT scans. One patient 

with a trimalleolar fracture pattern displayed a widened ankle mortise at the two-

week follow-up. That patient had not followed the weight-bearing instructions, and 

a syndesmosis screw was also added in a reoperation. The latter two patients had 

undergone their operations at the beginning of the study, when the operative 

technique had not included the transfixation screw. 
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6 Discussion 

6.1 Main findings 

In our long-term outcome studies I and II, patients reported a good functional 

outcome, normal ROM and a similar QOL compared to the normal Finnish age-

adjusted and sex-adjusted population means. When the fracture was deemed stable, 

no operative interventions were needed (study I). If the maximal fracture 

displacement of the IMMF was < 2 mm, it could be treated nonoperatively with 

good outcome and no operative interventions were needed for the nonoperatively 

treated patients. The initial fracture displacement was an independent risk factor 

for lower functional outcome scores, regardless of the treatment method. 

In addition, no significant OA findings were found after the long-term follow-

up in patients with a stable ankle fracture. For patients with an unstable ankle 

fracture, the development of OA changes was common, but the patient-reported 

functional and QOL outcomes were still good. Some improvements, especially on 

OMAS and VAS pain scores, were seen from 2–12 years of follow-up of the 

operatively treated patients, whereas the patients with a stable ankle fracture 

showed recovery within two years and it stayed unchanged thereafter. In the 

unstable fracture group, 32% of the operated patients required reoperations within 

2–12 years of follow-up. The reoperations, development of OA and longer recovery 

time reflected their more severe injury, both on bony and ligamentous structures. 

The fibular IMN provided a safe choice for operative treatment in high-risk 

patients. The meticulous assessment of the soft tissue injury, as well as the timing 

of surgery, accordingly played a significant role in avoiding wound complications. 

In our studies, no infections were detected in our elderly high-risk patients. Patients 

had a good functional outcome after a mean of 3.5 years of follow-up and reported 

similar QOL in comparison to the normal Finnish age-adjusted and sex-adjusted 

population. Again, a significant OA development was detected, reflecting the more 

serious injury, but age also has an effect on the faster development of OA changes. 

6.2 Stability-based classification in choosing the treatment method 

According to our results, choosing between operative and nonoperative treatment 

based on the stability classification led to predictable, good outcomes. When the 

ankle fracture was deemed stable according to the stability classification, no 
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treatment failures or need for operative interventions was found even in the long 

follow-up of a mean of 12 years, and the functional and radiological outcomes were 

good. 

The stability of the clinically most challenging fracture type, the isolated lateral 

malleolar fracture without talar shift on the initial radiographs, can be distinguished 

with the ER stress test (Egol et al., 2004; Gill et al., 2007; Hoshino et al., 2012; 

McConnell et al., 2004; Nortunen et al., 2014; Schock et al., 2007; Stufkens et al., 

2012; Tornetta et al., 2012), and that stress test is recommended as a part of the 

stability classification (Michelson et al., 2007; Pakarinen et al., 2011a). The 

stability classification is an accurate predictor of the need for surgery, compared to 

the Lauge-Hansen or Weber classifications, in a short follow-up (Delaney et al., 

2019). However, the practice and use of a stability assessment when treating ankle 

fracture still vary (Kosuge et al., 2010; van Leeuwen et al., 2019), but the simple, 

stability-based classification could unify the treatment choices. 

No previous studies reporting the long-term results of the stability-based 

treatment of ankle fractures have been published; however, according to our results, 

the classification seems to be a reliable method when choosing the treatment option 

for ankle fractures. When the stability of the ankle mortise cannot be differentiated 

in standard radiographs, stress testing is recommendable, either with the manual 

ER stress test or, alternatively, with a gravity stress or weightbearing radiographs. 

In our studies, no late incongruity was found in the radiographs of the patients with 

a stable ankle fracture in study I, confirming the reliability of the stability 

classification and ER stress testing in finding stable fractures in a long follow-up. 

The advantages of the nonoperative treatment to the patient are clear: when the 

fracture has been deemed stable, no follow-up radiographs (Holmes et al., 2016; 

Jain et al., 2008; Martin, 2004;) or conversion to operative treatment is needed in 

the short-term follow-up (Delaney et al., 2019; Kortekangas et al., 2019; Marchand 

et al., 2017; McConnell et al., 2004; Park et al., 2006; Seidel et al., 2017; Weber 

et al., 2010). A recent study also showed that stable fractures can be treated with 

only a three-week immobilisation (Kortekangas et al., 2019), with a functional 

brace instead of a cast (Brink, Staunstrup, & Sommer, 1996; Drakos & Murphy, 

2014; McConnell et al., 2004; Jain et al., 2008; Kortekangas et al., 2019) and even 

with cost-effective virtual clinic follow-up (Bellringer, Brogan, Cassidy, & Gibbs, 

2017). Our results show that a treatment protocol with shorter immobilisation and 

fewer follow-up radiographs can be utilized for stable ankle fractures. 
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6.3 Functional and QOL outcome after long-term follow-up 

Overall, the literature regarding the long (over 10 years) follow-up outcome results 

of ankle fracture treatment is limited and most studies predate the use of any stress 

testing; consequently, the stability assessment in these studies varies (Bauer et al., 

1985; Day et al., 2001; Donken et al., 2012a, 2012b; Kristensen & Hansen, 1985; 

Regan et al., 2016; Stufkens et al., 2009; van Son et al., 2013; Wei et al., 1999). 

The studies report good outcomes on both nonoperative and operative treatment of 

ankle fractures, but since the fractures are classified and the stability is evaluated 

only with Lauge-Hansen classification and without stress testing, some patients 

with stable fractures probably underwent needless operations and some unstable 

fractures were probably untreated. No studies on long-term outcomes of the 

stability-based treatment or studies on IMMF have been published, and literature 

on QOL outcomes after long-follow-up is also lacking. 

In our long-term outcome studies I and II, the functional outcomes after the 

long follow-up were mostly good or excellent, both when treating ankle fractures 

based on the stability classification and when treating the IMMFs. Still, when 

treating an IMMF, the initial displacement of over 2 mm decreased the functional 

outcome scores, even though anatomical reduction was restored operatively. In 

study I, the mean reported OMAS after a mean of 12 years of follow-up was 92 in 

patients with a stable ankle fracture and 86 in patients with an unstable fracture. In 

study II, after a mean follow-up of 9.5 years, the mean OMAS was 87 in patients 

with a nonoperatively treated fracture and 85 in operatively treated patients. Good 

or excellent outcomes were found in the majority of the patients in studies I and II; 

in study I, 96% of the patients with a stable fracture and 82% of those with an 

unstable fracture reported good or excellent OMAS, while those percentages were 

90% and 88%, respectively, in study II. In both studies, the severity and the initial 

dislocation of the injury led to lower functional outcome results, reflecting the 

known finding that the initial injury affects the functional outcome, even when the 

congruency of the ankle mortise is restored with surgery (Broos & Bisschop, 1991; 

Day et al., 2001; DeSouza et al., 1985; Gougoulias et al., 2010; Joy et al., 1974; 

Lindsjö 1985a, 1985b; Mont et al., 1992; Sculco et al., 2016; Van Schie-Van der 

Weert et al., 2012). 

Multiple studies have reported an improvement in the functional outcome 

during the first one to two years after the treatment, as well as improvements in the 

QOL outcomes (Anderson et al., 2008; Bhandari et al., 2004; Egol et al., 2006; 

Höiness et al., 2001; Korim et al., 2014; Lash et al., 2002; Nilsson et al., 2007; 
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Obremskey et al., 2002; Ponzer, Nåsell, Bergman, & Törnkvist, 1999; Ryd & 

Bengtsson, 1992; Soohoo et al., 2009). This improvement was also seen in patients 

in study I after the minimum of two years of follow-up (Pakarinen et al., 2011a). 

The patients with a stable fracture recovered during the first two years of follow-

up, and no difference was seen during the 2–12 years of follow-up in our study. 

Instead, some improvement was seen in the results of the patients with an unstable 

fracture in the 2–12 years from injury in study I. The improvement is assumed to 

reflect the more serious injury and longer recovery time, as no other explanation is 

found in our studies. 

The only study reporting the long-term outcomes of medial malleolar fractures 

is a study by Sneppen (1969), who reported a high nonunion rate. However, in that 

study, the IMMFs were not distinguished from bi- or trimalleolar fractures. 

Herscovici et al. (2007) reported a good union rate and good functional outcome in 

patients with IMMF after three years of follow-up. In our studies, the functional 

outcome was good also after the long follow-up of 9.5 years, even though the 

functional outcome scores lowered in accordance with the growing initial 

displacement. Also the RAND 36 scores were comparable to the Finnish age- and 

sex-adjusted normal population means, and no statistically lower scores were found. 

Patients treated non-operatively scored better in role limitations due to emotional 

problems and energy/fatigue domains (mean differences 11.7 and 6.0), and both 

groups scored well in emotional wellbeing (mean differences 6.5 and 7.0). The 

reported difference was statistically significant but probably has no clinically 

significant meaning. 

6.4 Radiological outcome and development of OA 

The aim of the ankle fracture treatment is to find the fractures with a stable ankle 

mortise for nonoperative treatment, and for unstable fractures, to restore the 

stability with operative treatment, since abnormal loading of the tibiotalar joint 

leads to altered loading distribution and the development of OA (Calhoun et al., 

1994; Close, 1956; Lindsjö, 1981; Lloyd et al., 2006; Ramsay & Hamilton, 1976). 

In our studies, no significant rates of OA were found among the patients with 

a stable ankle fracture treated nonoperatively, and no significant difference in K-L 

grades was found between the patient’s injured and uninjured ankle. This finding 

is in line with previous studies with a reported rate of 2.8–5% for significant OA 

findings (Ahl et al., 1989; Bauer et al., 1985; Gougoulias et al., 2010; Kristensen 

& Hansen, 1985). 
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Instead, OA findings are common in patients with an operatively treated ankle 

fracture, with a reported rate of up to 50–76% in a long follow-up (Day et al., 2001; 

Donken et al., 2012a, 2012b; Holzer et al., 2015; Lindsjö, 1985a; Lübbeke et al., 

2012; Regan et al., 2016; Stufkens et al., 2010; Yde & Kristensen, 1980b). Our 

studies also indicated the occurrence of significantly higher radiological OA grades 

in the injured ankle of the patients with an unstable fracture, and the difference in 

the K-L OA grade between the injured and the uninjured ankle was significant. Of 

the patients with an unstable fracture, 53% had a significant K-L 2-3 OA in standard 

radiographs. 

The OA development in patients treated with fibular IMN was also assessed, 

with a mean follow up of 3.5 years (44 months [24–89]). The rate of OA findings 

was high, as 72% of the patients had significant OA in their radiographs and 84% 

of the patients had OA that was one or more grades more serious in the injured 

ankle than in the uninjured ankle. These patients were older, and most also had a 

fracture-dislocation, which explains the more rapid development of OA (De Vries 

et al., 2005; Holzer et al., 2015; Lübbeke et al., 2012; Regan et al., 2016; Stufkens 

et al., 2010). 

Regardless of the presence of OA, the patients in our studies reported mostly 

good to excellent functional outcome scores, and QOL scores similar to those of 

the normal population. These findings are in line with studies suggesting that OA 

findings do not correlate with the functional outcome (Ahl et al., 1989; Bauer et al., 

1985; Donken et al., 2012a, 2012b; Jarde et al., 2000; Nilsson et al., 2005; Regan 

et al., 2016; Sneppen, 1969). 

6.5 Complications and reoperations 

Long-term follow-up studies 

In our studies, no patients with stable ankle fractures needed operative treatment 

during the long follow-up times. No nonunions or late incongruity of the ankle 

mortise was detected. After operative treatment, 35% of the patients were 

reoperated; most of the reoperations (93% of the reoperations for 32% of the 

patients) were performed during 2–12 years of follow-up. 

Five patients (3%) had reoperations in the early stages of follow-up for 

infection (4%) or malreduction of the ankle mortise (2%). The early reoperation 

rates were comparable to those of previous studies, with a reported risk of 1.4–7.4% 
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for deep SSI (Belmont et al., 2015; Korim et al., 2014; Miller et al., 2012; Ovaska 

et al., 2013; Soohoo et al., 2009; Sun et al., 2018; Wukich et al., 2010) and a 1–1.5% 

risk of reoperation due to fixation failure in unselected patient populations (Aigner 

et al., 2017; McKissack et al., 2019; Pincus et al., 2017; Soohoo et al., 2009). 

During the 2–12 years of follow-up, the most common cause for reoperation 

was the removal of the fixation material for mechanical irritation or pain (27%), 

with possible associated arthroscopic ankle joint debridement (7%). Pain and 

mechanical irritation at the hardware site is common, and implant removal rates of 

11–34.4% in follow-up of 5–10 years, and up to 63% in 20 years of follow-up have 

been reported (Donken et al., 2012a, 2012b; Regan et al., 2016; van Leeuwen et al., 

2019b). Isolated medial malleolar fractures were mostly operated with screw 

fixation and, probably due to different and less prominent fixation, the fixation was 

only removed from 5% of the patients during the mean of 9.5 years of follow-up. 

In our studies, tibiotalar fusion for end-stage OA was performed in 2% of the 

patients with an operatively treated ankle fracture during the mean of 12 years of 

follow-up. This rate is comparable to the previously reported rate of 0.7–0.96% 

during 5 to 10 years of follow-up (Naumann et al., 2017; Regan et al., 2016; 

Soohoo et al., 2009). 

Fibular IMN 

In our study of fibular IMN for high complication risk patients, no surgical wound 

infections were detected. In addition, no amputations were needed during the mean 

of 3.5 years of follow-up, even though most patients had multiple risk factors and 

76% had a fracture-dislocation and severe soft tissue injury. This reduced infection 

rate was a significant finding, since the reported infection rate of the elderly 

population is 9.7% (Aigner et al., 2017) and up to 32–40% in patients with risk 

factors, and since patients with diabetes face a 4% risk of amputation (Flynn et al., 

2000; Jones et al., 2005; Pincus et al., 2017; Soohoo et al., 2009; Wukich et al., 

2011). Our low infection rate is also in line with the previous literature on fibular 

IMN that reported an infection rate of 1.7% in unselected patient groups (Jain et al., 

2008; Jordan et al., 2018; Tas et al., 2019), and 5.4–8.2% in elderly or patients with 

diabetes (Appleton et al., 2006; Ashman et al., 2016; Peeperkorn et al., 2018). 

Four patients (10%) in our study group were reoperated for mechanical 

complications during the follow-up, mostly in the early stages of the study when 

the IMN operative technique did not include the syndesmotic transfixating screw. 

Higher rates of loss of stability were also reported for the earlier designs by the 
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developers of the nail. Thus, the technique developed with the addition of the 

transfixating screw, leading to significantly fewer mechanical complications 

(Appleton et al., 2006; Bugler et al., 2012). Our technique was changed accordingly. 

No nonunions were detected in our study, a finding that is also comparable to the 

high union rate of 98% of the previous studies (Bugler et al., 2012; François et al., 

1998; Gehr et al., 2004; Kabukcuoglu et al., 2000; Kara et al., 1999; Lee et al., 

2005; Lee et al., 2007; McLennan & Ungersma, 1986, 1988; Pritchett, 1993; 

Rajeev et al., 2011; Ramasamy & Sherry 2001). 

6.6 The role of staged treatment and the mini-invasive technique 

The fibular IMN was first introduced as an operative option especially for cases 

where the soft tissue is compromised and the patients are at high risk of wound 

complications. The smaller incisions and less prominent implants are clear benefits 

when treating high-risk patients, and the reported infection rates are low (Appleton 

et al., 2006; Ashman et al., 2016; Bugler et al., 2012; Jain et al., 2008; Jordan et al., 

2018; Tas et al., 2019; White et al., 2016). The infection rates have also been shown 

to decrease with a staged treatment of intra-articular distal and proximal tibial 

fractures (Egol et al., 2005; Thordarson, 2000, 2004), but the literature on the 

staged treatment of ankle fractures is still rare. Sculco et al. (2016) reported positive 

effects of staged treatment in their study on dislocated ankle fractures. 

The optimising of outcomes begins with recognising the high-risk patient. The 

patient-related and injury-related risk factors should be individually assessed and 

possible risk factors optimised before the definitive operative treatment. Bohl et al. 

(2019) suggested a risk stratification system, which could also be beneficial. Most 

of the patient-related or injury-related risks cannot be influenced, but the high risk 

of adverse events and the effect of those events in the functional outcome can be 

discussed with the patient. 

In our study III on patients with an ankle fracture and a high complication risk, 

68% of the patients were treated with a staged protocol due to severe soft tissue 

injuries that did not allow early definitive fixation. The definitive IMN fixation was 

performed at a mean of 10 days after injury, and only after the swelling and blood-

filled blisters had subsided. In our results, recognising the risk-factors and 

conducting the meticulous soft- tissue evaluation and the staged treatment when 

needed, in association with the mini-invasive operative technique and early soft 

tissue reconstruction, led to good functional outcome without infection 

complications. These findings suggested that the combination of staged treatment 
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and fibular IMN could be beneficial for high-risk patients in terms of minimising 

the adverse effects and optimising the functional and radiological outcomes. 

6.7 Strengths and limitations 

Apart from our use of a retrospective study design, we acknowledge several 

limitations of our studies. Unfortunately, we were not able to follow up all patients 

included in the original study cohort of study I or the study populations of studies 

II and III, despite repeated letters and phone calls. In addition, not all patients were 

able to visit the outpatient clinic and instead answered the outcome questionnaires 

via mail or phone calls. Furthermore, even though the ER stress test is gaining more 

popularity, it is still not universally used to assess ankle joint stability. However, a 

recent study has highlighted the usefulness of implementing the ER stress test in 

hospitals as an addition to the standard ankle fracture treatment protocol 

(Kortekangas et al., 2019). 

The strength of study I is that it included a moderately large patient cohort from 

a single university hospital. We also present two studies with moderately long-

follow-ups and good percentage of followed patients. Our university hospital is 

virtually the only hospital that treats ankle fractures within our catchment area and 

especially complications related to ankle fracture treatment. Therefore, the data 

garnered on complications and reoperations is assumed to be comprehensive. 

6.8 Clinical implications and future studies 

The results of this thesis indicate that the stability classification is useful in the 

clinical evaluation of the ankle fracture patients and is reliable in determining 

between operative and nonoperative treatments, with good outcome results 

achieved in long follow-up. The stability classification was recently found 

repeatable by American physician assistants (Cordova et al., 2018), and our results 

also indicate that the classification of ankle fractures as stable or unstable can be 

reliably made outside the OR. Due to the poor prognostic ability of the Lauge-

Hansen classification (Brage et al., 1998; Craig & Dirschl, 1998; da Fonseca et al., 

2017; Gardner et al., 2006b; Haraguchi & Armiger, 2009; Lindsjö, 1985a; 

Michelson 1995; Michelson et al., 1997; Nielsen et al., 1990; Rasmussen et al., 

1993; Thomsen et al., 1991; Yin et al., 2015), the continued use of that 

classification as a clinical tool should be questioned. Implementing the use of the 

stability classification and routine stress testing in the treatment protocol of ankle 
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fractures could be useful in clinical decision-making. The nonoperative treatment 

protocol should also be examined in the future, and the need for routine radiograph 

controls questioned, if the ankle fracture has been adequately assessed as stable. 

In a recent study (Delaney et al., 2019), the stability classification was found 

to predict the need for surgery more accurately when compared with the Lauge-

Hansen, though the stability was only assessed with standard radiographs and 

without stress testing. This raises the possibility that the ER stress test 

overestimates the need for surgical interventions (Holmes et al., 2016; Hoshino 

et al., 2012; Sanders, Tieszer, Corbett, & Canadian Orthopedic Trauma Society 

2012; Weber et al., 2010) therefore, future studies are needed to find the limit of 

the “stable-enough” ankle mortise. The clinical limit for unstable MCS has been 

suggested as 5 mm (Egol et al., 2004; Gill et al., 2007; McConnell et al., 2004; Park 

et al., 2006; Schottel et al., 2015). An MRI-study by Nortunen et al., (2014) also 

indicated that only ankles with a total rupture of the deep deltoid ligaments (both 

deep ATTL and deep PTTL) evident in MRI scans allow the pathological movement 

of the talus and MCS measurements of > 5 mm in the ER stress test. No cadaveric 

studies on stability classification yet exist, and these should be implemented. 

The stability classification should still be further developed. A comparative 

study on stable and unstable fractures, treated both nonoperatively and operatively, 

could provide additional clinical information. The stability classification also does 

not classify the IMMFs, nor does it provide a guide for choosing the treatment for 

this fracture type. The classification also needs further study in this respect as well. 

When the fracture is unstable and operative treatment necessary, the patient-

related and injury-related risks should be individually assessed. Here, a risk factor 

stratification system according to Bohl et al., (2019) might be useful in the clinical 

setting, but further studies are needed, especially on high-risk patients. With low-

risk patients, the traditional ORIF is a good option. By contrast, with high-risk 

patients, the mini-invasive operative technique, used in association with a staged 

treatment protocol if the soft tissues are compromised, seems to be a 

recommendable option. Longer follow-up studies on fibular IMN outcomes should 

also be implemented. 
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7 Conclusions 

1. The stability-based treatment protocol is useful in clinical practice. The 

fractures deemed stable can be treated nonoperatively without treatment 

failures. 

2. The stability-based treatment leads to good functional, QOL and radiological 

outcomes in a long follow-up in both the stable and unstable fracture patient 

groups. 

3. The long-term functional and QOL outcomes after IMMF treatment are good. 

The increasing initial fracture displacement leads to lower functional outcome 

scores, regardless of the treatment method. 

4. Fibular IMN is a safe choice for treating ankle fractures in high-risk patients, 

particularly as a part of a staged treatment protocol that includes careful 

evaluation of the soft tissue envelope and early soft tissue reconstruction as a 

part of the fracture treatment. 
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