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Abstract 
 

 
Introduction 

 
The necessity for reduction and fixation of posterior malleolus fractures remains under debate. Therefore, 

we assessed the functional outcome and quality after plate osteosynthesis of the posterior malleolus, 

identified the main drivers of outcome and aimed to determine which patient and fracture type are 

eligible for plate osteosynthesis of the posterior malleolus. 

Materials and methods 

 
A prospective patient cohort of 50 patients with an ankle fracture including the posterior malleolus 

underwent plate osteosynthesis via a posterior approach, and was compared to a retrospective patient 

cohort of 85 consecutive patients who did not. Twenty-five demographic, operative and postoperative 

characteristics were assessed. Outcome was recorded using questionnaires: AOFAS, EQ-5D, EQ-5D-VAS, 

EQ-5D-TTO, sensory nerve‐associated complications, and flexion deficit of the hallux. 

Results 

 
Direct reduction and plate osteosynthesis of posterior malleolus fractures was inferior to non-operative 

treatment. Subanalysis of trimalleolar fractures revealed that the outcome of plate osteosynthesis was 

equal. Both fracture type and plate osteosynthesis were independent drivers of the outcome; Haraguchi 

type 3 posterior malleolus fractures were associated with the best functional outcome and quality of life 

scores. Comorbidity, age, postoperative complications and reintervention largely determined the 

outcome. Up to 30% of the patients reported (temporarily) flexion deficit of the hallux and 38% numbness 

at the lateral side of the foot. 

Conclusions 

 
There is no indication for routine plate osteosynthesis of all posterior malleolus fractures. Careful patient 

selection, less invasive surgery and modified postoperative rehabilitation seem mandatory to improve the 

outcome and prevent adverse effects. 



Introduction 
 
 

 
Posterior malleolus fractures occur in about 46% of all Weber type B or C ankle fracture-dislocations [1]. 

Reduction and fixation of the posterior malleolus is essential for syndesmotic stability; restoration of the 

integrity incisura fibularis tibiae facilitates anatomic reduction of the fibula [2,3]. Moreover, there is 

increasing evidence for the important role of the posterior malleolus in the development of post- 

traumatic osteoarthritis [4,5]. Subsequently, displaced posterior malleolar fractures will lead to a poor 

functional outcome and poor quality of life [6]. 

Previously posterior malleolus fractures were often ignored or reduced by ligamentotaxis and 

percutaneously fixated using an anterior-to-posterior lag screw. As a consequence, dislocated posterior 

malleolus fracture were usually not adequately reduced. In contrast, open reduction and internal fixation 

(ORIF) through either a posterolateral or posteromedial approach allows for direct reduction of the 

posterior malleolus. The choice between a posterolateral or posteromedial mainly depends on the 

fracture morphology, with extended medial fractures preferably being treated via posteromedial 

approach [7]. Plate osteosynthesis is often preferred in order to reduce comminuted fractures and 

distribute the compression, due to the thin cortex of bone. Larger fragments can also be properly fixed by 

means of a screw osteosynthesis. 

The big advantage of a posterolateral approach lies in the fact that both the fibular and posterior malleolus 

can be treated via a single approach, preferably through the same interval between the flexor halluces 

longus and peroneal muscles. The overlying muscles warrant sufficient soft-tissue coverage and are likely 

to prevent wound problems. However, with the posterolateral approach the sural nerve crosses distally 

and is prone to damage. Furthermore, extensive soft-tissue dissection and plate osteosynthesis potentially 

leads to more fibro-adhesions (i.e. flexor halluces longus and peroneal muscle) and joint restriction, 

subsequently. 

Therefore, we prospectively assessed the functional outcome and quality of life after plate osteosynthesis 

of the posterior malleolus and compared these with a retrospective patient cohort wherein the posterior 

malleolus was not directly reduced and fixated through a posterior approach. 



We identified the patient and operative characteristics that affect the outcome most and subsequently 

provide insight into which patient and fracture type are most eligible for plate osteosynthesis via an 

posterior approach. 

 

Patients and Methods 

 
Patients 

 
A prospective series of 60 patients who sustained an ankle fracture and underwent ORIF using 

plate osteosynthesis of the posterior malleolus between March 2015 and January 2018 at the Department 

of Trauma Surgery of the University Hospitals Leuven were included in this study. The latest follow-up was 

in March 2019, which allowed for a minimal follow-up time of 12 months. 10 (16.7%) patients were lost 

in the follow-up, 1 of whom had died (malignancy) 15 months postoperatively. The patients that were lost 

in the follow-up differed from those who were not, in reintervention (respectively 0 vs. 16 [32.0%], 

p=0.037). The prospective cohort was compared to a previously reported retrospective patient cohort of 

123 consecutive patients operatively treated for an acute ankle fracture, involving the posterior malleolus, 

between January 2009 and December 2013 at the Department of Trauma Surgery of the University 

Hospitals Leuven[6]. 85 (69.1%) patients of this retrospective patient cohort responded to the 

questionnaires; the responders and nonresponders differed significantly in medical clear space (MCS) 

widening (respectively 68 [82.9%] vs. 21 [55.3%], p=<0.001) and syndesmotic injury (respectively 37 

[43.5%] vs. 4 [10.5%], p<0.001). The exclusion criteria for both the prospective and retrospective cohort 

were similar: non-acute fractures diagnosed >4 weeks post trauma; severe neurologic dysfunction; 

additional ipsilateral fracture of the tibia, talus or calcaneus; history of a previous ankle fracture. 

 
 

Compliance with ethical standards 

 
This study was conducted in compliance with national legislation and the guidelines of the ethics 

committee of University Hospitals Leuven . All information was retrieved from the University Hospitals 

Leuven electronic medical file database. 

All authors declare that they have no conflict of interest. Informed consent was obtained from all 

individual participants included in the study. There was no funding for this research. 



Demographics and operative characteristics 

 
A total of 15 variables were grouped as demographic characteristics (age, gender, ASA-score, BMI, 

cardiovascular risk factors [CVRF]) and operative characteristics (fracture side, open fracture, fracture 

type, preoperative posterior step-off >1mm, medial clear space [MCS] widening >4mm, syndesmotic 

injury, surgery staging, time to definitive surgery, malleolus fixation, and the use of a syndesmotic screw). 

CVRF included: diabetes mellitus, age, hypercholesterolemia, dyslipidemia, hypertension, 

smoking, alcohol abuse, overweight, current cardiovascular diseases, use of blood vessel narrowing drugs, 

e.g. beta blockers and ergotamine, and rheumatoid arthritis. Fracture type was categorized based on the 

malleolus involved; in addition, based on CT posterior malleolus fractures were classified according to the 

Haraguchi and Bartonicek classification [8]. Posterior fracture involving less than halve of the distal tibia 

incisura were classified as posterior malleolar fractures, whereas larger fragments were considered as 

posterior pilon fractures and not included in this study. Syndesmotic injury was defined as an increased 

distance between the medial edge of the fibula and the incisura fibularis tibiae of more than 6mm on the 

preoperative anterior-to-posterior view as well as on the mortise view or detected during the operation 

(Hook test) [9]. With regard to surgery staging, direct surgery was defined as ≤24 hours between 

presentation at the emergency room or outpatient clinic and definite surgery; a delay of >24 hours to 

definite surgery was defined as delayed surgery and the use of an external fixator prior to definite surgery 

was considered as a delayed-staged surgery protocol. All posterior malleolus fractures were openly 

reduced and fixated using a 2.7mm plate either via a posterolateral or posteromedial approach. 

 
 

Postoperative characteristics 

 
Ten postoperative characteristics were measured: fracture related infection (FRI), other 

complications, step-off of the posterior and medial malleolus, syndesmotic screw removal, time to 

syndesmotic screw removal, radiologic failure, nonunion, reintervention and radiologic follow-up time. 



FRI was defined according to the recent consensus definition [10]. Wound necrosis and 

dehiscence, screw or implant loosening, loss of reduction, and reflex sympathetic dystrophy syndrome 

were defined as other complications. A postoperative step-off of the medial malleolus was defined as a 

dislocation of 2mm or more perpendicular to the medial edge of the medial malleolus on X-ray. A posterior 

malleolus displacement of 1mm or more perpendicular to the articular surface on the postoperative X-ray 

was considered as a postoperative step-off of the posterior malleolus [11]. Nonunion was assessed using 

follow-up radiographs and defined according to the US Food and Drug Administration guidelines as a not 

completely healed fracture within 9 months of injury and without progression towards healing over the 

past 3 consecutive months [12]. Postoperative talar tilt, tibiotalar collapse and secondary syndesmotic 

insufficiency were considered as radiological failure. Postoperative talar tilt was defined as a tibiotalar 

angle >2 degrees on the postoperative radiographs and is associated with osteoarthritis and worse clinical 

symptoms [13]. Postoperative tibiotalar collapse was defined as osteoarthritis grade 3 (moderate 

osteophytes and joint space narrowing) or grade 4 (large osteophytes and severe joint space narrowing), 

visible on the last postoperative follow-up x-ray and not visible on the pre-operative X-ray [14]. Widening 

of the syndesmosis after removal of the syndesmotic screw or widening of untreated syndesmotic injuries, 

were included in the definition of secondary syndesmotic insufficiency; widening was defined as a distance 

between the medial edge of the fibula and the incisura fibularis tibiae more than 6mm on the 

postoperative anterior-to-posterior view as well as on the mortise view. Reintervention was defined solely 

as implant removal, since no revision surgery or an arthrodesis was performed. 

 
 

Patient reported outcome 

 
Seven patient reported outcome measures were recorded: Orthopaedic Foot and Ankle Society 

(AOFAS), European Quality of Life Questionnaire in 5 Domains (EQ-5D), EQ-5D-VAS (visual analogue scale), 

EQ-5D TTO (time trade-off-score), numbness on the lateral side of the foot, flexion deficit of the hallux, 

and follow-up time. 

The functional outcome was assessed using the AOFAS. The AOFAS questionnaire results in a score 

from 1 to 100 in which a high score indicates a good functionality. The general health status was 



recorded using the EQ-5D questionnaire, which is composed of five parts: mobility, self-care, usual 

activities, pain/discomfort and anxiety/depression, wherein each dimension represent three levels of 

severity. Based on the EQ-5D, the TTO-score was calculated for each patient. The TTO-score represents 

the number of years living in their current health state patients would give up to live in perfect health. For 

example, if a patient prefers living 8 years in perfect health instead of 10 years in the current health status, 

the TTO-score is 0.8. According to the EQ-5D-VAS, the patient selects a score between 0 (worst health 

status) and 100 (best health status). All questionnaires are standardized and tested for reproducibility and 

validated for the Dutch language [15-17]. A Flemish TTO-score is not available. Therefore, the Dutch TTO-

score was used. 

 
 

Statistics 

 
For statistical evaluation of all data, IBM SPSS 25.0 (SPSS Inc. Chicago, IL) was used. The Mann- 

Whitney U test was used for comparing nonparametric variables. Correlation was tested using the Pearson 

correlation test for continuous and Spearman correlation test for nominal variables. Nominal variables 

were compared using Chi-Square statistics. To test for factors that independently influence outcome, a 

multiple logistic regression analysis was conducted. 

 

Results 

 
Comparison of patient and operative characteristics 

 
Table 1 summarizes the demographic, operative, and postoperative characteristics of both the 

prospective and retrospective patient cohort. One patient of the prospective cohort sustained radiologic 

failure (talar tilt, tibiotalar collapse and secondary syndesmotic insufficiency) as well as trimalleolar non- 

union at 17 months postoperatively. In the same patient, the syndesmotic screw was removed after 45 

days after definite surgery and subsequently all implants were removed. 

Nine posterior malleolus fractures of the retrospective cohort were percutaneously fixated using 

an anterior-to posterior screw, with a postoperative step-off in 6 patients. 

 
 

Comparison of functional outcome and quality of life 

 
The patient reported AOFAS, EQ-5D, EQ-5D-VAS, EQ-5D-TTO-scores, and follow-up time of the 

prospective and retrospective patient cohort are displayed in Table 2. 19/50 (38.0%) patients of the 

prospective cohort reported numbness of the lateral foot. Moreover, 15/50 (30%) patients in this group 



reported a flexion deficit of the hallux to some extent, 6 (12.0%) of whom sustained a permanent flexion 

deficit of the hallux. 

 
 

Plate osteosynthesis of posterior malleolus fractures is inferior to non-operative treatment 

 
AOFAS, EQ-5D on 5 domains, VAS and TTO did neither differed between patients with anterior-to- 

posterior fixation and nonoperative treatment of the posterior malleolus fracture, nor between anterior- 

to-posterior fixation and plate osteosynthesis of a posterior malleolus fracture. However, plate 

osteosynthesis of the posterior malleolus fractures showed significantly lower AOFAS and TTO-scores 

compared to non-operatively treated posterior malleolus fractures (respectively, 73.40 [12-100] vs. 81,81 

[20-100] p=0.014 and 0.75 [0.07-1.00] vs. 0.85 [0.09]-1.00 p=0.003). Furthermore, the EQ-5D on 

mobility and anxiety/depression were significantly worse after plate osteosynthesis compared to non- 

operative treatment of the posterior malleolus fracture (23 [46.0%], 27 [54.0%] vs. 51 [67.1%], 25 [32.9%] 

p=0.019 respectively no and some problems) and (32 [64.0%], 16 [32.0%], 2 [4.0%] vs. 66 [86.8%], 9 

[11.8%], 1 [1.2%] p=0.011 respectively no, some and severe problems). The VAS and EQ-5D on self-care, 

activities and pain/discomfort were similar between plate osteosynthesis and non- operatively treatment 

of posterior malleolus fractures. However, subanalysis for trimalleolar fractures revealed no significant 

differences in any outcome measure between plate osteosynthesis and no plate osteosynthesis of the 

posterior malleolus (supplement table 1). 

 
 

What are the drivers of postoperative functional outcome and quality of life in patients with ankle fracture 

including the posterior malleolus? 

A bivariate analysis of all patients identifying those factors that affect the outcome measures 

most, was performed (supplement table 2). The multiple logistic regression revealed that poor functional 

outcome scores (AOFAS) were associated with reintervention (i.e. implant removal) (p=0.017). Regarding 

the EQ-5D on 5 domains: decreased mobility was associated with FRI (p=0.010) and numbness on the 

lateral side of the foot (p=0.017); reduced ability to self-care with increasing age (p=0.006); decrease in 

usual activities with short follow-up time (p=0.027), higher ASA-scores (p=0.003) and FRI (p=0.009); 

increased pain/discomfort with implant removal (p<0.001); anxiety/depression with higher ASA-scores 

(p=0.005) and plate osteosynthesis (p=0.006). Higher EQ-5D VAS scores were associated with lower ASA- 

scores (p=0.026). Finally, lower TTO scores were associated with higher ASA- scores (p=0.001), numbness 

at the lateral side of the foot (p=0.003) and fracture type (i.e. trimalleolar ankle fractures) (p=0.038). 

 
 



Which patient could benefit from plate osteosynthesis of the posterior malleolus? 

 
To be able to make a statement about who potentially would be eligible for plate osteosynthesis, 

we determined which characteristics affected the outcome after plate osteosynthesis most. Overall, the 

multiple logistic regression for plate osteosynthesis indicated the same determinants as shown for all 

patients with a posterior malleolus fracture: reduced functional outcome scores (AOFAS) were associated 

with reintervention (implant removal) (p=0.017); decreased mobility with FRI (p=0.017) and numbness at 

the lateral side of the foot (p=0.001); reduced ability to self-care with higher ASA-scores (p=0.007) and 

radiographic failure (p=0.032); decrease in usual activities with higher ASA- scores (p=0.036) and FRI 

(p=0.029); increased pain/discomfort with implant removal (p<0.001); anxiety/depression with a posterior 

step-off (p= 0.004) and a higher ASA-scores (p=0.027); higher EQ-5D VAS scores with lower ASA-scores 

(p=0.003) with Haraguchi type 3 posterior malleolus fractures (p=0.005); lower TTO scores were 

associated with higher ASA-scores (p=0.002), numbness at the lateral side of the foot (p=0.011). Table 3 

displays the outcome measures after plate osteosynthesis, differentiated to the Haraguchi and Bartonicek 

classification. 

 

Discussion 

 
The primary aim of this study was to assess the functional outcome and quality of life after plate 

osteosynthesis of the posterior malleolus, identify its drivers, and determine which patient and fracture 

type are most eligible for plate osteosynthesis. 

Surprisingly, the AOFAS, EQ-5D on mobility and anxiety/depression and TTO were significantly worse after 

plate osteosynthesis compared to non-operative treatment of the posterior malleolus. Since both groups 

are rather heterogeneous (all fracture types were included), we performed a subanalysis for trimalleolar 

fractures, revealing no significant difference in any outcome measure between plate osteosynthesis of 

posterior malleolus fractures and those patients that did not underwent plate osteosynthesis of the 

posterior malleolus. In turn patient reported outcome was equal between non- operatively and 

percutaneously treated patients as well percutaneous treatment and plate osteosynthesis. With regard to 

all patients, reintervention (i.e. implant removal) was significantly associated with impaired functional 

outcome and quality of life. Moreover, quality of life was determined on the one hand by comorbidity and 

age and on the other hand by fracture type (i.e. trimalleolar ankle fractures), plate osteosynthesis, 

postoperative complications (FRI and numbness of the lateral foot) and follow-up time. 

Despite a significantly higher quality of reduction, a postoperative step-off of the posterior malleolus was 

not found to play a significant role in the functional outcome. This is not in line to what we and others 

observed previously, wherein a posterior step-off of the posterior malleolus was identified as an important 



predictor of poor functional outcome [6,11,18,19]. In turn, Verhage et al. recently confirmed that not the 

size of the posterior malleolus fracture, but rather the existence of a posterior step-off is associated with 

osteoarthritis at the long-term [20]. They reported a higher AOFAS after just over 6 years after surgical 

treatment of trimalleolar ankle fractures. Their posterior malleolus fractures were fixated in only 23% of 

these patients, of which only 7/23 a posterolateral approach and 9/16 using an anterior-to- posterior 

screw showed a sufficient reduction of the posterior malleolus. Unfortunately, the outcome measures 

were not differentiated in this study according to fixation, fixation type and quality of reduction after 

fixation. 

Xu et al. reported in 2012 a similar AOFAS score as Verhage et al. did, and interestingly no difference in 

outcome between the fixated and non-fixated posterior malleolus fractures independent of both the size, 

fixation type (front-to-back and back-to-front not otherwise specified) and age [19]. 

Our study differs from other studies in that we report on a relatively large consecutive patient cohort with 

plate osteosynthesis solely, while other studies compared functional outcome between indirect reduction 

and percutaneous fixation using an anterior-to-posterior screw, and ORIF using either plate or screw 

osteosynthesis via a posterolateral approach to fixate the posterior malleolus [18,21]. Although our 

quality of reduction of posterior malleolus (and medial malleolus) after plate osteosynthesis appears to 

be adequate and in accordance with Shi et al., they observed a significantly higher AOFAS after ORIF [18]. 

Their follow-up time and number of patients were comparable to ours and the AOFAS of the patients who 

were treated percutaneously with an anterior-to-posterior screw was also the same. However, this study 

did not specify how many patients underwent ORIF using either plate or screw osteosynthesis via a 

posterolateral approach. This could explain the difference in outcome to some extent. 

Beside significantly lower functional outcome and quality of life scores, patients that underwent plate 

osteosynthesis of the posterior malleolus reported a (temporarily) flexion deficit of the hallux to some 

extent in up to 30%, and in 38% numbness at the lateral side of the foot, which indicates that plate 

osteosynthesis via a posterolateral approach leads to more fibro-adhesions (i.e. flexor halluces longus and 

peroneal muscle) and sural and peroneal nerve injury. Unfortunately, the retrospective patient cohort was 

not questioned on this. However, these patients neither underwent a posterolateral nor a posteromedial 

approach and therefore it can be assumed that this was less or not the case at all. Logistic regression 

analysis of prospective patient cohort alone showed that a higher of ASA-score was the main driver of the 

EQ-5D on 3 of the 5 domains, as well as the EQ-5D VAS and TTO. This indicates that plate osteosynthesis 

of the posterior malleolus is of limited value in patients with severe comorbidity. Complications (FRI) can 

be prevented and the need for implant removal be avoided. Furthermore, the Haraguchi classification of 

posterior malleolus fractures was found to be an independent driver EQ-5D VAS as well, in which patients 

with a Haraguchi type 3 fracture (i.e. posterior shell) reported by far the best outcome scores. This means 



that the outcome was determined by both implant and fracture morphology. 

Although we did not observe an association between postoperative step-off of the posterior malleolus 

and impaired functional outcome, the literature seems quite clear about this, a posterior step-off leads to 

osteoarthritis in the long term and should therefore preferably be reduced and fixated. Haraguchi type 3 

and Bartonicek type 1 posterior malleolus fractures are not considered as a posterior step-off and except 

for fixation of the posterior tibiofibular ligament there seems no need to address these shell fractures. 

Although indirect reduction (ligamentotaxis) often gives insufficient reduction, an anterior-to- posterior 

screw is less invasive, while a posterolateral or posteromedial approach that allows the surgeon to directly 

reduce the fracture, seems to lead to increased fibro-adhesions, joint restriction and nerve injury, and 

subsequently adverse outcome scores. Provided that the fracture comminution allows this, posterior 

screw osteosynthesis may ultimately lead to better results. Nonetheless, Erdem et al. reported a small 

prospective cohort study with no significant difference in AOFAS scores and range of motion between 

patients treated with screw and plate osteosynthesis both via a posterolateral approach [22]. In addition, 

Zhong et al. reported equal AOFAS scores for screw osteosynthesis via a posterolateral and posteromedial 

approach. None of their patients experienced sensory nerve‐associated complications [23]. Currently, the 

ongoing POSTFIX study in The Netherlands, a multicenter randomized clinical trial that will measure the 

outcome of medium sized posterior malleolus by comparing nonoperative treatment with fixation with 

posterior fixation via posterolateral approach using either screw or plate osteosynthesis [24]. Hopefully 

this study provides us with some definitive answers to whom should be treated and how. 

This study has some limitations. No routine postoperative CT scans were performed, which prevented us 

to make an accurate statement about the quality of reduction other than whether or not a step-off is 

present on the post-operative X-ray. Despite an equal radiological follow-up time of approximately 10 

months, the follow-up of the prospective cohort was half of the retrospective patient cohort, which could 

have influenced our results; it does not allow us to make statements about osteoarthritis in relation to a 

posterior step-off. Furthermore, the heterogeneity of the study groups makes it difficult to define 

unambiguous guidelines for the treatment of these fractures. 

In conclusion, there is no indication for routine plate osteosynthesis of all posterior malleolus fractures, 

since plate osteosynthesis of the posterior malleolus was found to be associated with adverse effects. 

Careful patient selection and surgery by a skilled surgeon should improve the outcome. Moreover, a 

modified rehabilitation program could prevent unnecessary fibro-adhesions and joint restriction. 

Nevertheless, a randomized clinical trial should determine whom and how to fixate the posterior 

malleolus. 
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Table 1. Comparison of study characteristics 

 
 Retrospective (n= 85) Prospective (n= 50) p-value 

Demographics 

Age 

 

53 (21 – 84) 

 

54 (21 – 83) 

 

0.599 

Gender 

Male 

  0.524 

36 (42.4%) 24 (48.0%)  

Female 

ASA-score 

1 

49 (57.6%) 

 
37 (46.3%) 

26 (52.0%) 

 
20 (40.8%) 

 
0.160 

2 34 (42.5%) 20 (40.8%)  

3 9 (11.3%) 9 (18.4%)  

BMI 27.3 (17.1 – 40.4) 28.0 (19.3 – 43.0) 0.428 

CVRF 71 (86.6%) 42 (87.5%) 0.881 

Operative characteristics 

Fracture side 

   

0.405 

Right 43 (50.6%) 29 (58.0%)  

Left 42 (49.4%) 21 (42.0%)  

Open fracture 2 (2.4%) 3 (6.0%) 0.279 

Fracture type 

Posterior 

  0.442 

0 1 (2.0%)  

Posterior & fibula 20 (23.5%) 8 (16.0%)  

Posterior & medial 3 (3.5%) 2 (4.0%)  

Trimalleolar 62 (72.9%) 39 (78.0%)  

Preoperative posterior 45 (53.6%) 37 (74.0%) 0.019* 

step-off    

MCS widening 68 (82.9%) 14 (28.0%) <0.001* 

Syndesmotic injury 37 (43.5%) 14 (28.0%) 0.072 

Surgery staging 

Direct 
 
27 (31.8%) 

 
2 (4.0%) 

 
<0.001* 

Delayed 41 (48.2%) 11 (22.0%) 0.002* 

Delayed-staged 17 (20.0%) 37 (74.0%) <0.001* 

Time to surgery (days) 5.9 (0 – 34) 9.5 (0 – 19) <0.001* 

Malleolus fixation 

Posterior fixation 

 
9 (10.6%) 

 
50 (100.0%) 

 
<0.001* 

Fibula fixation 75 (88.2%) 45 (90.0%) 0.753 

Medial fixation 61 (71.8%) 39 (78.0%) 0.425 

Syndesmotic screw 22 (25.9%) 17 (34.0%) 0.315 

Postoperative characteristics 

FRI 8 (9.4%) 6 (12.0%) 0.634 

Other complications 10 (11.8%) 5 (10.6%) 0.845 

Posterior step-off 45 (53.6%) 4 (8.0%) <0.001* 

Medial step-off 11 (16.9%) 0 0.008* 
Syndesmotic screw 22 (100%) 12 (70.6%) 0.808 

removal    

Time to syndesmotic 52 (39 – 71) 74 (45 – 129) 0.010* 

screw removal (days) 

Radiologic failure 

   

Talar tilt 4 (4.7%) 1 (2.0%) 0.421 
Tibiotalar collapse 6 (7.1%) 1 (2.0%) 0.200 



Secondary syndesmotic 
insufficiency 

7 (8.4%) 1 (2.0%) 0.131 

Nonunion 2 (2.7%) 1 (2.0%) 0.816 

Reintervention 34 (40.5%) 16 (32.0%) 0.326 

Radiographic follow-up 10.6 (0 – 89) 9.6 (0 – 25) 0.078 

Continuous parameters are expressed as mean and range. Categorical variables as numbers and percentages. 
Abbreviations: BMI, Body Mass Index; ASA, American Society of Anesthesiologists; CVRF, Cardiovascular Risk 

 
 

Table 2. Comparison of functional outcome and the general health status 

 
 Retrospective (n= 85) Prospective (n= 50) p-value 

AOFAS 

EQ-5D mobility 

No problem 

81.81 (20 – 100) 

 
57 (67.1%) 

73.40 (12 – 100) 

 
23 (46.0%) 

0.018* 

0.016* 

Some problems 28 (32.9%) 27 (54.0%)  

EQ-5D self-care   0.347 

No problem 79 (92.9%) 44 (88.0%)  

Some problems 6 (7.1%) 5 (10.0%)  

Severe problems 0 (0.0%) 1 (2.0%)  

EQ-5D activities 

No problem 

  0.136 

58 (68.2%) 27 (54.0%)  

Some problems 25 (29.4%) 19 (38.0%)  

Severe problems 2 (2.4%) 4 (8.0%)  

EQ-5D pain/discomfort   0.348 

No problem 43 (50.6%) 19 (38.0%)  

Some problems 40 (47.1%) 29 (58.0%)  

Severe problems 2 (2.4%) 2 (4.0%)  

EQ-5D anxiety/depression   0.012* 

No problem 73 (85.9%) 32 (64.0%)  

Some problems 11 (12.9%) 16 (32.0%)  

Severe problems 1 (1.2%) 2 (4.0%)  

EQ-5D VAS 76.02 (30 – 100) 73.78 (30 – 100) 0.414 

EQ-5D TTO 0.85 (0.09 – 1.00) 0.75 (0.07 – 1.00) 0.004* 

follow-up time 47.9 (19 – 78) 24.2 (12 – 45) <0.001* 

Continuous parameters are expressed as mean and range. Categorical variables as numbers and percentages. 
Abbreviations: AOFAS, American Orthopaedic Foot and Ankle Society; EQ-5D, EuroQol 5 Dimensions; VAS, 
Visual Analog Scale; TTO, time trade-off. * p-value <0.05. 



Table 3. Differentiated outcome to the Haraguchi and Bartonicek classification 
 

 Haraguchi 1 
(n= 23) 

Haraguchi 2 
(n= 20) 

Haraguchi 3 
(n= 3) 

Bartonicek 1 
(n= 2) 

Bartonicek 2 
(n= 17) 

Bartonicek 3 
(n= 13) 

Bartonicek 4 
(n= 14) 

AOFAS 69.62 (12 – 100) 76.15 (37 – 100) 91.67 (87 – 100) 87.50 (87 – 88) 71.94 (12 – 100) 76.62 (53 – 100) 71.64 (13 – 100) 

EQ-5D mobility 
       

None 12 (50.0%) 8 (40.0%) 3 (100.0%) 2 (100.0%) 11 (61.1%) 4 (30.8%) 6 (42.9%) 

Few 12 (50.0%) 12 (60.0%) 0 0 7 (38.9%) 9 (69.2%) 8 (57.1%) 

EQ-5D selfcare 
       

None 19 (79.2%) 19 (95.0%) 3 (100.0%) 2 (100.0%) 16 (88.9%) 13 (100.0%) 10 (71.4%) 

Moderate 4 (16.7%) 1 (5.0%) 0 0 2 (11.1%) 0 3 (21.4%) 

Severe 1 (4.2%) 0 0 0 0 0 1 (7.1%) 

EQ-5D activities 

None 11 (45.8%) 12 (60.0%) 3 (100.0%) 2 (100.0%) 10 (55.6%) 7 (53.8%) 7 (50.0%) 

Moderate 9 (37.5%) 8 (40.0%) 0 0 6 (33.3%) 6 (46.2%) 5 (35.7%) 

Severe 4 (16.7%) 0 0 0 2 (11.1%) 0 2 (14.3%) 

EQ-5D 
       

pain/discomfort 

None 10 (41.7%) 6 (30.0%) 3 (100.0%) 2 (100.0%) 8 (44.4%) 3 (23.1%) 6 (42.9%) 

Moderate 12 (50.0%) 14 (70.0%) 0 0 9 (50.0%) 10 (76.9%) 7 (50.0%) 

Severe 2 (8.3%) 0 0 0 1 (5.6%) 0 1 (7.1%) 

EQ-5D 
       

fear/depression 

None 14 (58.3%) 14 (70.0%) 3 (100.0%) 2 (100.0%) 12 (66.7%) 10 (76.9%) 7 (50.0%) 

Moderate 10 (41.7%) 4 (20.0%) 0 0 6 (33.3%) 3 (23.1%) 5 (35.7%) 

Severe 0 2 (10.0%) 0 0 0 0 2 (14.3%) 

EQ-5D VAS 68.42 (30 – 95) 80.10 (50 – 100) 88.33 (80 – 95) 85.00 (80 – 90) 73.17 (30 – 95) 81.15 (70 – 90) 69.07 (40 – 100) 

EQ-5D TTO 0.70 
(0.07 – 1.00) 

0.766 
(0.13 – 1.00) 

1.00 
(1.00 – 1.00) 

1.00 
(1.00 – 1.00) 

0.75 
(0.17 – 1.00) 

0.81 
(0.65 – 1.00) 

0.65 
(0.07 – 1.00) 

Continuous parameters are expressed as mean and range. Categorical variables as numbers and percentages. Abbreviations: AOFAS, 
American Orthopaedic Foot and Ankle Society; EQ-5D, EuroQol 5 Dimensions; VAS, Visual Analog Scale; TTO, time trade- off 

  



Supplement Table 1.  Comparison of Functional outcome and the general health status in trimalleolar ankle fractures 
 
   No posterior    Posterior plate              p-value                     

Plate osteosynthesis  osteosynthesis 
                        
AOFAS   78,61 (20 – 100)   73,92 (12 – 100)   0,365 
EQ-5D mobility          0,243 
  No problem  36 (58,1%)   18 (46,2%) 
  Some problems  26 (41,9%)   21 (53,8%) 
EQ-5D self-care          0,924 
  No problem  56 (90,3%)   35 (89,7%) 
  Some problems  6 (9,7%)    4 (10,3%) 
  Severe problems 0 (0.0%)    0 (0.0%) 
EQ-5D activities          0,643 
  No problem  39 (62,9%)   21 (53,8%) 
  Some problems  21 (33,9%)   16 (41%) 
  Severe problems 2 (3,2%)    2 (5,1%) 
EQ-5D pain/discomfort         0,649 
  No problem  26 (41,9%)   13 (33,3%) 
  Some problems  34 (54,8%)   24 (61,5%) 
  Severe problems 2 (3,2%)    2 (5,1%) 
EQ-5D anxiety/depression         0,131 
  No problem  52 (83,9%)   26 (66,7%) 
  Some problems  9 (14,5%)   12 (30,8%) 
  Severe problems 1 (1.6%)    1 (2,6%) 
EQ-5D VAS  74,98 (30 – 100)   75,18 (40 – 100)   0.929 
EQ-5D TTO  0,82 (0.09 – 1.00)  0,76 (0.07 – 1.00)  0,101 
follow-up time  46,98 (19 – 75)   23,24 (12 – 40)   <0.001* 
 
Continuous parameters are expressed as mean and range. Categorical variables as numbers and percentages. Abbreviations: AOFAS, 
American Orthopaedic Foot and Ankle Society; EQ-5D, EuroQol 5 Dimensions; VAS, Visual Analog Scale; TTO, time trade-off. *p-value 
<0.05. 

 
  



Supplement Table 2.  Correlation analysis for functional outcome and quality of life 

 AOFAS EQ-5D  
mobility 

EQ-5D  
self-care 

EQ-5D  
usual activities 

EQ-5D  
pain / discomfort 

EQ-5D  
anxiety / 
depression 

EQ-5D  
VAS 

EQ-5D  
TTO-score 

Demographics 
 Age 0.705 0.003* 0.036* 0.056 0.875 0.160 0.029* 0.066 

 Gender 0.524 0.614 0.823 0.664 0.664 0.812 0.872 0.726 

 ASA-score 0.118 0.031* 0.016* 0.005* 0.106 0.005* 0.003* 0.002* 

 BMI 0.660 0.127 0.641 0.051 0.060 0.344 0.551 0.462 

 CVRF 0.857 0.139 0.182 0.193 0.436 0.285 0.456 0.137 

Operative characteristics 

 Fracture side 0.143 0.562 0.143 0.582 0.774 0.971 0.075 0.489 

 Open fracture 0.508 0.973 0.480 .347 0.853 0.885 0.630 0.757 

 Fracture type 0.037* 0.019* 0.543 .267 0.004* 0.896 0.584 0.031* 

 Haraguchi 0.118 0.777 0.089 .058 0.526 0.291 0.001* 0.086 

 Bartonicek 0.919 0.109 0.158 .458 0.406 0.171 0.433 0.116 

 Preoperative posterior step-off 0.548 0.902 0.851 0.143 0.450 0.780 0.193 0.713 

 Medial clear space widening  0.598 0.199 0.122 .099 0.496 0.006* 0.419 0.151 

 Syndesmotic  injury   0.168 0.175 0.114 .244 0.066 0.137 0.073 0.060 

 Direct surgery 0.227 0.105 0.246 .187 0.207 0.024* 0.144 0.016* 

 Delayed surgery 0.316 0.947 0.381 .998 0.661 0.455 0.732 0.739 

 Delayed-staged surgery 0.043* 0.155 0.921 .270 0.135 0.008* 0.116 0.019* 

 Time to definite surgery 0.123 0.206 0.284 .243 0.018* 0.149 0.738 0.039* 

 Fibula fixation 0.919 0.539 0.534 0.448 0.677 0.369 0.515 0.219 

 Medial fixation 0.201 0.195 0.976 0.936 0.140 0.493 0.450 0.445 

 Posterior fixation 0.018* 0.035* 0.629 0.114 0.083 0.004* 0.073 0.003* 

   AP screw 0.713 0.643 0.336 0.744 0.519 0.971 0.118 0.836 

   Posterior plate  osteosynthesis                 0.018* 0.016* 0.320 0.072 0.149 0.003* 0.416 0.004* 

 Syndesmotic screw 0.899 0.469 0.327 .314 0.532 0.087 0.113 0.122 

Postoperative characteristics 

 FRI 0.007* 0.002* 0.007* 0.006* 0.085 0.905 0.063 0.038* 

 Numbness 0.011* <0.001* 0.564 0.121 0.024* 0.359 0.176 0.016* 

 Hallux flexion deficit 0.007* 0.136 0.322 0.639 0.130 0.840 0.656 0.494 

 Other complications 1 0.063 0.588 0.126 0.357 0.724 0.868 0.852 0.615 

 Step-off medial 0.887 0.760 0.283 0.940 0.603 0.715 0.605 0.863 

 Step-off posterior 0.662 0.260 0.795 0.073 0.379 0.250 0.374 0.133 

 Syndesmotic screw removal 0.648 0.459 0.474 0.282 0.463 0.084 0.070 0.077 

 Time to syndesmotic screw 
removal 

0.102 0.148 0.767 0.294 0.364 0.808 0.047* 0.124 

 Radiographic failure 2 0.060 0.213 0.925 0.329 0.203 0.591 0.244 0.388 

 Nonunion 0.147 0.408 0.141 0.171 0.737 0.687 0.894 0.525 

 Reintervention  0.021* 0.372 0.352 0.361 0.001* 0.406 0.239 0.102 



 Radiologic follow-up time 0.155 0.003* 0.540 0.634 0.007* 0.741 0.334 0.383 

 Follow-up time 0.395 0.105 0.303 0.018* 0.401 0.006* 0.503 0.029* 

Bivariate analysis was performed using Pearson (continuous) and Spearman (nominal) correlation. Results are displayed as p-value and 
marked (*) if p < 0.05 or (**) if p < 0.01. Analysis was performed on the data of responders (n=135). Abbreviations: ASA, American Society 
of Anesthesiologists; BMI, Body Mass Index; CVRF, Cardiovascular Risk Factors; AP, anterior-to-posterior; FRI, fracture related infection; 
AOFAS, American Orthopaedic Foot and Ankle Society; EQ-5D, European Quality of Life Questionnaire in 5 Domains;  VAS, Visual Analog 
Scale; TTO-score, time trade-off score. 1 necrosis; wound dehiscence; screw loosening; loss of reduction; intra-articular hardware; reflex 
sympathetic dystrophy syndrome. 2 Secondary syndesmotic insufficiency; postoperative talar tilt; postoperative tibiotalar collapse. 

 
 


