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ABSTRACT

BACKGROUND: The aim of this study was to evaluate the clinical and radiological outcomes of posterior malleolar fractures (PMFs) 
treated surgically via a posterolateral approach and to investigate the prognostic value of Bartoníček–Rammelt fracture morphology in 
predicting functional outcome, reduction quality, and osteoarthritis development. 

METHODS: In this single-center retrospective study, 61 patients with PMFs who were treated surgically via a posterolateral approach 
between January 2020 and December 2023 and had a minimum follow-up of 24 months were included. Fractures were classified ac-
cording to the Bartoníček–Rammelt classification (BRC). Clinical outcomes were assessed using the Olerud-Molander Ankle Score 
(OMAS), while radiological outcomes were evaluated based on articular step-off and the Kellgren–Lawrence osteoarthritis grade. 
Multivariable linear regression analysis was performed to identify independent predictors of functional outcome. 

RESULTS: The mean follow-up duration was 38.2±8.8 months. The mean OMAS was 89.9±10.2. Articular step-off was <1 mm in 
82.0% of the patients. OMAS scores differed significantly among the BRC fracture types (p=0.039), with lower scores observed in more 
complex fracture patterns. In the adjusted multivariable regression model including fracture morphology, articular step-off, osteoar-
thritis grade, syndesmotic fixation, and post-operative complications, articular step-off (p<0.001) and osteoarthritis grade (p<0.001) 
remained independent predictors of OMAS, whereas fracture morphology was not independently associated with functional outcome. 

CONCLUSION: Bartoníček–Rammelt fracture morphology was associated with functional outcome in unadjusted analyses. How-
ever, after adjustment for articular reduction quality, osteoarthritis grade, syndesmotic fixation, and post-operative complications, 
fracture morphology was not independently associated with OMAS. Articular reduction quality and osteoarthritis grade were the 
strongest independent determinants of functional outcome, emphasizing the importance of achieving anatomical reduction in PMFs.
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INTRODUCTION

Posterior malleolar fractures (PMFs) are observed in approxi-
mately 30–40% of ankle fractures and have significant impli-
cations for ankle stability, articular congruity, and long-term 
functional outcomes.[1-3] The posterior malleolar fragment not 
only constitutes a portion of the tibial plafond but also plays a 
critical role in syndesmotic stability, as it serves as the inser-
tion site of the posterior inferior tibiofibular ligament (PITFL). 
Therefore, accurate evaluation and appropriate management 
of PMFs are essential to prevent the development of post-
traumatic osteoarthritis and to achieve optimal functional 
outcomes.[2,3]

Conventionally, surgical indication was based on the criteria 
that the posterior fragment involved more than 25% of the 
tibial articular surface or that fragment displacement exceed-
ed 2 mm.[1,2] However, with the widespread use of computed 
tomography (CT), it has become evident that, in addition to 
fragment size, factors such as fracture morphology, extension 
into the articular surface, involvement of the fibular incisura, 
and its effect on syndesmotic stability may be decisive deter-
minants of clinical outcomes.[3-5] Accordingly, CT-based classi-
fication systems have enabled a more detailed morphological 
assessment of PMFs. The Bartoníček–Rammelt classification 
(BRC), described by Bartoníček et al.[2] and widely used in 
current practice, categorizes PMFs into five types based on 
anatomical localization of the fragment, involvement of the 
incisura, and fracture morphology, and is regarded as a guiding 
system for surgical planning.[5] This classification has also been 
shown to demonstrate high interobserver and intraobserver 
reliability.[4,5]

In PMFs, morphological characteristics may influence not only 
the choice of surgical approach but also the quality of reduc-
tion and long-term joint health. Achieving anatomical reduc-
tion – particularly maintaining minimal articular step-off – is a 
critical factor in improving functional outcomes. The literature 
indicates that limiting post-operative articular step-off to <1 
mm is associated with superior clinical outcomes, whereas 
step-off of 1–2 mm or greater significantly increases the risk of 
post-traumatic osteoarthritis.[6-9] Therefore, in the evaluation 
of PMFs, not only fragment size but also fracture morphology 
and the quality of reduction achieved should be considered 
important prognostic factors.

In the surgical management of PMFs, the posterolateral ap-
proach is widely preferred because it allows direct visualiza-
tion and anatomical reduction of the posterior fragment. This 
approach provides direct access to the posterolateral aspect 
of the tibia and the fibula, thereby facilitating anatomical re-
duction and stable fixation. The literature reports that, com-
pared with indirect reduction and anteroposterior screw fixa-
tion, the posterolateral approach achieves superior articular 
congruity, reduces articular step-off, and improves functional 
outcomes.[10-15]

In recent years, increasing emphasis has been placed on indi-

vidualized surgical planning based on CT-derived morphologi-
cal classification in the management of PMFs.[2-5] In particular, 
the BRC has been recognized as an important guide in deter-
mining surgical strategy, as it enables a detailed assessment of 
fracture morphology.[2,5] However, clinical studies directly eval-
uating the impact of the morphological fracture types defined 
by this classification on reduction quality, functional outcomes, 
and the development of osteoarthritis following treatment 
with a posterolateral approach remain limited.[3,15] Although 
CT-based classification systems are increasingly used in surgi-
cal decision-making for PMFs, the extent to which fracture 
morphology influences post-operative functional recovery 
and radiological outcomes remains incompletely understood. 
Establishing this relationship may improve prognostic assess-
ment, support morphology-based surgical planning in clinical 
practice, and provide additional evidence regarding the clinical 
utility of the BRC.[3,14,15] Therefore, further clarification of the 
prognostic role of fracture morphology on clinical and radio-
logical outcomes is warranted. In this context, the aim of the 
present study was to evaluate the clinical and radiological out-
comes of PMFs treated surgically via a posterolateral approach 
and to investigate the prognostic value of Bartoníček–Ram-
melt fracture morphology in predicting functional outcome, 
reduction quality, and osteoarthritis development.

MATERIALS AND METHODS
Patient Selection and Data Collection

This single-center retrospective study included patients who 
underwent surgical treatment for PMFs between January 
2020 and December 2023 at the University of Health Scienc-
es, Diyarbakır Gazi Yaşargil Training and Research Hospital. 
The study protocol was approved by the Ethics Committee 
of the University of Health Sciences Gazi Yaşargil Training and 
Research Hospital (Decision No: 6, Date: January 09, 2026) 
and was conducted in accordance with the principles of the 
Declaration of Helsinki. Written informed consent was ob-
tained from all patients.

A total of 61 patients aged 18 years and older were included 
in the study. The decision for surgical treatment was based on 
the CT-based BRC rather than fragment size or displacement 
thresholds alone. BRC Type 2, Type 3, and Type 4 fractures 
were considered to require anatomical reduction and stable 
fixation and were therefore treated surgically. BRC Type 1 
fractures were not considered to have a surgical indication 
and were excluded from the study cohort. No BRC Type 
5 fractures were identified during the study period. Patients 
who underwent surgical treatment during the study period 
were retrospectively reviewed, and those who met the inclu-
sion criteria and had complete clinical and radiological data 
were included in the analysis. Patients with open fractures, 
pathological fractures, or incomplete clinical and/or radiologi-
cal follow-up data were excluded from the study.

Demographic and clinical data included sex, age, affected 
side, mechanism of injury, follow-up duration, fixation meth-
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ods applied, and syndesmotic stabilization. Associated me-
dial and lateral malleolar fractures and syndesmotic injuries 
were also evaluated using pre-operative radiographs and CT 
imaging and were managed according to AO/OTA principles. 
Follow-up duration was calculated as the time interval be-
tween the date of surgery and the date of the last clinical and 
radiological evaluation. PMFs were classified according to the 
CT-based BRC.[2]

The classification was performed independently by two or-
thopedic surgeons experienced in ankle surgery; in cases of 
disagreement, a final decision was reached by consensus. Func-
tional outcomes were assessed at the final follow-up using the 
Olerud-Molander Ankle Score (OMAS). Radiographic osteo-
arthritis was graded on standard anteroposterior and lateral 
ankle radiographs according to the Kellgren–Lawrence (KL) 
classification. Ankle dorsiflexion and plantarflexion ranges of 
motion were measured using a goniometer and compared 
with the contralateral side to calculate the limb symmetry 
index (LSI) (LSI=[affected side/contralateral side]×100).

Surgical Technique

All surgical procedures were performed in the prone position 
using a posterolateral approach.[2,16] Following the postero-
lateral skin incision, the sural nerve and the small saphenous 
vein were identified and protected during superficial dissec-
tion. The dissection was deepened through the anatomical 
interval between the peroneal tendons and the flexor hallucis 
longus (FHL) muscle. The FHL muscle was retracted medi-
ally to expose the posterolateral cortex of the tibia and the 
posterior malleolar fragment. At this stage, adequate surgical 
visualization was achieved while preserving the PITFL and the 
surrounding soft tissues as much as possible.[2,17]

The posterior malleolar fragment was primarily reduced un-
der direct visualization to achieve anatomical alignment. Re-
duction was assessed intraoperatively using fluoroscopy to 
evaluate articular step-off and intra-articular separation, and 
temporary stabilization was achieved with Kirschner wires. 
The adequacy of anatomical reduction was confirmed fluoro-
scopically (Fig. 1a and b).

In the present study, definitive fixation of the posterior malle-
olar fragment was achieved using a buttress plate in all cases.
[16,17] Following stabilization of the posterior fragment, con-
comitant fibular and medial malleolar fractures were treated 
with internal fixation according to the AO/OTA principles.[18]

Syndesmotic stability was assessed intraoperatively using the 
Cotton hook test and the external rotation stress test. In 
patients with detected syndesmotic instability, stabilization 
was performed with a syndesmotic screw after achieving ana-
tomical reduction.[19] Reduction and implant positioning were 
verified using fluoroscopy. Pre-operative CT images and post-
operative radiographs of representative cases corresponding 
to different BRC types are presented in Fig. 2a-l.

Post-operative Protocol and Rehabilitation

In the post-operative period, limb elevation and edema con-
trol were implemented, and early active toe motion was initi-
ated. Following soft tissue healing, active and passive ankle 
range-of-motion exercises were commenced. Partial weight-
bearing was allowed at 3–4 weeks postoperatively, based on 
fixation stability and clinical assessment, with gradual progres-
sion to full weight-bearing. Rehabilitation included muscle 
strengthening and proprioceptive exercises. Complications 
were retrospectively evaluated based on patient records, 
clinical examination findings, and radiographic assessments.

Outcome Assessment

Post-operative articular step-off was evaluated at the final 
follow-up using a digital measurement method on standard 
lateral ankle radiographs. All measurements were performed 
independently by two experienced orthopedic surgeons who 
were blinded to the clinical outcomes, and interobserver 
agreement was assessed using intraclass correlation coeffi-
cient (ICC) analysis. Articular step-off was defined as the per-
pendicular distance between the posterior malleolar fragment 
and the main tibial plafond articular surface, using the tibial 
plafond as the reference. It was categorized as <1 mm, 1–2 
mm, and >2 mm. In cases where radiographic evaluation was 
insufficient, measurements were completed using CT images.

Statistical Analysis

Statistical analyses were performed using IBM Statistical 
Package for the Social Sciences Statistics for Windows, Ver-
sion 26.0 (IBM Corp., Armonk, NY, USA). The normality of 
continuous variables was assessed using the Shapiro–Wilk 
test. For variables demonstrating normal distribution, one-
way analysis of variance was applied, whereas the Kruskal–
Wallis test was used for variables not conforming to a normal 
distribution. Categorical variables were compared using the 
Chi-square test or Fisher’s exact test, as appropriate. Holm 
correction was applied for post hoc analyses.

Figure 1. Intraoperative fluoroscopic assessment of the posterior 
malleolar fragment. (a) Intraoperative fluoroscopic image demon-
strating articular step-off before implant placement following the 
posterolateral approach. (b) Intraoperative fluoroscopic image 
showing restoration of the anatomical articular surface after reduc-
tion.

(a) (b)



Ancar and Önel. Surgical outcomes of posterior malleolar fractures

Ulus Travma Acil Cerrahi Derg, September 2026, Vol. 32, No. 9 1135

To identify independent predictors of functional outcome 
(OMAS score), a multivariable linear regression analysis was 
performed. Bartoníček–Rammelt fracture type, post-opera-
tive articular step-off, KL osteoarthritis grade, syndesmotic 
fixation, and post-operative complications were included in 
the model as independent variables. Categorical variables 

were entered into the model as dummy variables. Regression 

coefficients (β), 95% confidence intervals (CIs), and p values 

were reported. Statistical significance was set at p<0.05. In 

the regression analysis, Bartoníček–Rammelt Type 2 was 

used as the reference category.

Figure 2. Representative images of different Bartoníček–Rammelt classification (BRC) types. (a-d) BRC Type 2 posterior malleolar frac-
tures (PMF): (a) Pre-operative axial computed tomography (CT) slice, (b) Pre-operative sagittal CT slice, (c) Post-operative lateral radio-
graph, (d) Post-operative anteroposterior radiograph. (e-h) BRC Type 3 PMF: (e) Pre-operative axial CT slice, (f) Pre-operative sagittal CT 
slice, (g) Post-operative lateral radiograph, (h) Post-operative anteroposterior radiograph. (i-l) BRC Type 4 PMF: Pre-operative axial CT 
slice, (j) Pre-operative sagittal CT slice, (k) Post-operative lateral radiograph, (l) Post-operative anteroposterior radiograph.

(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j) (k) (l)
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To evaluate the potential influence of associated injuries and 
post-operative complications on functional outcomes, addi-
tional analyses were performed. OMAS scores were com-
pared according to the presence of syndesmotic fixation and 
post-operative complications using the Mann–Whitney U 
test. Post-operative complications were defined as the oc-
currence of infection, sural nerve neuropathy, or revision 
surgery. A sensitivity analysis was conducted after excluding 
patients with post-operative complications.

RESULTS
Demographic, Injury, and Surgical Characteristics

The mean age of the 61 patients was 43.9±13.2 years. Of the 
patients, 31 (50.8%) were female and 30 (49.2%) were male. 
Fractures occurred on the right side in 43 cases (70.5%). The 
most common mechanism of injury was a twisting injury, 
observed in 53 patients (86.9%). Fifty-five patients (90.2%) 
were operated on within the first 24 h after injury. The 
mean follow-up duration was 38.2±8.8 months (range, 24–56 
months).

According to the BRC, fracture distribution was as follows: 
Type 2 in 35 patients (57.4%), Type 3 in 15 patients (24.6%), 
and Type 4 in 11 patients (18.0%). During the study period, 

BRC Type 1 fractures were not included in the cohort due 
to the absence of a surgical indication, and no BRC Type 5 
fractures were identified. Definitive fixation of the posterior 
malleolar fragment was performed using a buttress plate in 
all cases. Syndesmotic stabilization was applied in 16 patients 
(26.2%). The demographic and clinical characteristics of the 
groups are presented in Table 1.

Overall Clinical and Radiological Outcomes

At the final follow-up, the mean OMAS was 89.92±10.19 
(median, 95; range, 55–100). The distribution of post-oper-
ative articular step-off was as follows: <1 mm in 50 patients 
(82.0%), 1–2 mm in 9 patients (14.8%), and >2 mm in 2 pa-
tients (3.3%). According to the KL osteoarthritis grading, 
55.7% of the cases were classified as KL grade 0, 23.0% as KL 
grade 1, 19.7% as KL grade 2, and 1.6% as KL grade 3.

Interobserver agreement was evaluated for BRC classifica-
tion, articular step-off, and KL grading. The ICC values were 
excellent for BRC (0.91; 95% CI: 0.85–0.95), good for articu-
lar step-off (0.88; 95% CI: 0.80–0.93), and good for KL grad-
ing (0.75; 95% CI: 0.66–0.83).

In the range-of-motion symmetry analysis, the median dorsi-
flexion LSI was 75% (range, 25%–100%), whereas the mean 
plantarflexion LSI was 100% (range, 33%–100%).

Table 1.	 Comparison of demographic and clinical characteristics according to the BRC

BRC	 Type 2 (n=35) (%)	 Type 3 (n=15) (%)	 Type 4 (n=11) (%)	 Total (n=61) (%)	 p

Age (years)	 43.34±11.49	 43.33±11.02	 46.64±20.35	 43.90±13.20	 0.761

Sex					    0.059

	 Male	 13 (37.1)	 11 (73.3)	 6 (54.5)	 30 (49.2)	

	 Female	 22 (62.9)	 4 (26.7)	 5 (45.5)	 31 (50.8)	

Side					    0.588

	 Left	 12 (34.3)	 3 (20.0)	 3 (27.3)	 18 (29.5)	

	 Right	 23 (65.7)	 12 (80.0)	 8 (72.7)	 43 (70.5)	

Mechanism of injury					     0.574

	 Twisting injury	 29 (82.9)	 15 (100.0)	 9 (81.8)	 53 (86.9)	

	 Fall from height	 2 (5.7)	 0 (0.0)	 2 (18.2)	 4 (6.6)	

	 Fall from stairs	 1 (2.9)	 0 (0.0)	 0 (0.0)	 1 (1.6)	

	 Scooter accident	 2 (5.7)	 0 (0.0)	 0 (0.0)	 2 (3.3)	

	 Motorcycle accident	 1 (2.9)	 0 (0.0)	 0 (0.0)	 1 (1.6)	

Weber classification					     0.279

	 Weber B	 30 (85.7)	 10 (66.7)	 8 (72.7)	 48 (78.7)	

	 Weber C	 5 (14.3)	 5 (33.3)	 3 (27.3)	 13 (21.3)	

Syndesmotic Stabilization					     0.682

	 Yes	 9 (25.7)	 5 (33.3)	 2 (18.2)	 16 (26.2)	

	 No	 26 (74.3)	 10 (66.7)	 9 (81.8)	 45 (73.8)	

Follow-up duration (months)	 38.7±8.8	 38.5±6.9	 36.3±11.4	 38.2±8.8	 0.741

BRC: Bartoníček–Rammelt classification; SD: Standard deviation.
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Comparisons According to BRC Types

No significant differences were observed among the groups in 
terms of age, affected side, mechanism of injury, Weber clas-
sification, or syndesmotic stabilization. Follow-up duration 
did not differ significantly between groups (p=0.741).

Radiological reduction quality differed significantly across 
BRC types (p=0.005); articular step-off >2 mm was observed 
exclusively in the Type 4 group (2/11; 18.2%). The OMAS 
demonstrated a decreasing trend with increasing fracture 
type severity (Type 2: 92.71±7.11; Type 3: 88.00±11.77; Type 
4: 83.64±13.43; p=0.039). The difference between Type 2 and 
Type 4 remained statistically significant after Holm correction 
(adjusted p=0.020; effect size r=0.38).

The development of osteoarthritis differed significantly among 
the fracture types (p=0.009); KL grade 3 was observed exclu-
sively in the Type 4 group (1/11; 9.1%). Radiological reduction 
quality, functional outcomes, and the distribution of osteo-
arthritis according to BRC types are summarized in Table 2.

Relationship Between Articular Step-Off, KL Grade, and 
OMAS

OMAS scores decreased significantly as articular step-off 
increased (Kruskal–Wallis, p<0.001). The mean OMAS was 
93.70±5.61 in the <1 mm group, 75.56±5.83 in the 1–2 mm 
group, and 60.00±7.07 in the >2 mm group. A significant as-
sociation was observed between step-off categories and KL 
grades (p<0.001). OMAS scores also decreased significantly 
with increasing KL grade (p<0.001).

Multivariable Regression Analysis

In the expanded multivariable linear regression analysis in-
cluding Bartoníček–Rammelt fracture type, articular step-off, 
KL osteoarthritis grade, syndesmotic fixation, and post-op-

erative complications, articular step-off and osteoarthritis 
grade remained independent predictors of OMAS scores.

Using Type 2 as the reference category, neither Type 3 frac-
tures (β=−0.46; 95% CI: −3.25 to 2.33; p=0.743) nor Type 
4 fractures (β=−1.18; 95% CI: −4.49 to 2.13; p=0.477) were 
independently associated with OMAS scores.

Compared with patients with an articular step-off of <1 mm, 
those with a step-off of 1–2 mm demonstrated significantly 
lower OMAS scores (β = −9.44; 95% CI: −13.65 to −5.23; 
p<0.001), while a step-off >2 mm was associated with an 
even greater reduction in OMAS scores (β=−21.05; 95% CI: 
−28.68 to −13.41; p<0.001).

Each increase in KL osteoarthritis grade was independently 
associated with lower OMAS scores (β=−5.80; 95% CI: −7.75 
to −3.85; p<0.001). Syndesmotic fixation (β=−1.05; p=0.434) 
and post-operative complications (β=−2.02; p=0.274) were 
not independently associated with functional outcome.

Detailed results of the multivariable regression analysis are 
presented in Table 3.

Additional Analyses Addressing Associated Injuries and 
Complications

Additional analyses were performed to evaluate whether as-
sociated injuries or post-operative complications influenced 
functional outcomes. Patients with post-operative complica-
tions had lower mean OMAS scores than those without com-
plications; however, this difference did not reach statistical 
significance (85.0±10.8 vs. 90.6±10.0; p=0.066). Similarly, pa-
tients who underwent syndesmotic fixation had lower mean 
OMAS scores than those without syndesmotic fixation, but 
the difference was not statistically significant (86.9±11.9 vs. 
91.0±9.5; p=0.124).

Table 2.	 Comparison of radiological and functional outcomes according to the Bartoníček–Rammelt classification

BRC	 Type 2 (n=35)	 Type 3 (n=15)	 Type 4 (n=11)	 Total (n=61)	 p

Articular step-off (%)					     0.005*

	 <1 mm	 32 (91.4)	 10 (66.7)	 8 (72.7)	 50 (82.0)	

	 1–2 mm	 3 (8.6)	 5 (33.3)	 1 (9.1)	 9 (14.8)	

	 >2 mm	 0 (0.0)	 0 (0.0)	 2 (18.2)	 2 (3.3)	

OMAS score (Mean±SD)	 92.71±7.11	 88.00±11.77	 83.64±13.43	 89.92±10.19	 0.039*

	 KL grade (%)					     0.009*

	 KL 0	 22 (62.9)	 9 (60.0)	 3 (27.3)	 34 (55.7)	

	 KL 1	 10 (28.6)	 0 (0.0)	 4 (36.4)	 14 (23.0)	

	 KL 2	 3 (8.6)	 6 (40.0)	 3 (27.3)	 12 (19.7)	

	 KL 3	 0 (0.0)	 0 (0.0)	 1 (9.1)	 1 (1.6)	

Dorsiflexion LSI (%) (median, range)	 100 (40–100)	 100 (50–100)	 71 (25–100)	 75 (25–100)	 0.106

Plantarflexion LSI (%) (median, range)	 100 (56–100)	 100 (40–100)	 89 (33–100)	 100 (33–100)	 0.056

BRC: Bartoníček–Rammelt classification; OMAS: Olerud-Molander ankle score; SD: Standard deviation; KL: Kellgren-Lawrence; LSI: Limb symmetry index.
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A sensitivity analysis was performed after excluding the 
seven patients with post-operative complications. In this 
analysis, OMAS scores continued to differ significantly among 
Bartoníček–Rammelt fracture types (Kruskal–Wallis test, 
p=0.032), suggesting that the observed difference in func-
tional outcome according to fracture morphology was not 
solely explained by post-operative complications.

Complications and Revision Surgery

Complications occurred in 7 of the 61 patients (11.5%).  One 
patient (1.6%) developed a deep infection and underwent 
surgical debridement three times. After infection control and 
fracture union, the implants were removed.

Superficial infection was observed in two patients (3.3%). One 
of these patients fully recovered with conservative treatment, 
while the other required skin grafting by the plastic surgery 
team due to the development of skin necrosis.

Two patients (3.3%) developed sural nerve neuropathy. Both 
showed progressive clinical improvement during follow-up, 
and no additional surgical intervention was required.

Revision surgery was required in two patients (3.3%) during 
the early post-operative period. In one patient, inadequate 
syndesmotic reduction was identified, and in the other, in-
adequate reduction of the posterior malleolar fragment was 
observed. Anatomical reduction and stable fixation were 
achieved in both cases through revision surgery.

Overall, the rate of major complications was low. Fracture 
union was achieved in all cases, and no permanent implant-
related complications were observed.

DISCUSSION
CT-based morphological classification systems are consid-
ered essential tools in the assessment of PMFs, guiding surgi-
cal planning, reduction strategies, and evaluation of fracture 
complexity. The BRC provides a detailed description of the 
morphological spectrum of PMFs based on fragment loca-

tion, involvement of the incisura, and fracture morphology, 
offering a reliable framework for surgical decision-making.[2-5] 
Current literature emphasizes that PMF morphology may in-
fluence articular reduction quality, syndesmotic stability, and 
long-term functional outcomes.[3,9,20]

The main finding of this study is that Bartoníček–Rammelt 
fracture morphology was associated with both functional 
outcomes and radiological degenerative changes in unad-
justed analyses. OMAS scores progressively decreased with 
increasing fracture complexity, and more advanced fracture 
types demonstrated higher rates of osteoarthritic changes. 
However, after adjustment for articular step-off, osteoarthri-
tis grade, syndesmotic fixation, and post-operative complica-
tions, fracture morphology was no longer independently as-
sociated with functional outcome. Instead, residual articular 
incongruity and osteoarthritis grade emerged as the stron-
gest independent predictors of OMAS. These findings sug-
gest that the relationship between fracture morphology and 
functional outcome may be mediated through the difficulty 
of achieving anatomical reduction and the subsequent devel-
opment of degenerative joint changes rather than fracture 
morphology itself.[6-8,14,20-22]

In the expanded multivariable regression model, increasing 
articular step-off and higher KL grades were independently 
associated with worse functional outcomes, whereas fracture 
morphology, syndesmotic fixation, and post-operative com-
plications were not significant independent predictors. These 
findings emphasize that restoration of articular congruity re-
mains the most important modifiable factor affecting clinical 
recovery after PMFs. Therefore, CT-based fracture morphol-
ogy should primarily be considered a tool for surgical planning 
and assessment of reduction difficulty rather than an indepen-
dent determinant of long-term functional outcome.[3,6-8,20,22]

Moreover, articular reduction quality was identified as the 
strongest independent predictor of functional outcome. The 
significant decrease in OMAS scores with increasing articular 
step-off supports the notion that preserving anatomical joint 

Table 3.	 Multivariable linear regression analysis for OMAS scores

Variable	 β	 95% CI	 p

BRC type 3 (Reference: Type 2)	 −0.46	 −3.25–2.33	 0.743

BRC type 4 (Reference: Type 2)	 −1.18	 −4.49–2.13	 0.477

Articular step-off 1–2 mm (reference: <1 mm)	 −9.44	 −13.65–−5.23	 <0.001

Articular step-off >2 mm (reference: <1 mm)	 −21.05	 −28.68–−13.41	 <0.001

Kellgren–Lawrence grade (per+1 increase)	 −5.80	 −7.75–−3.85	 <0.001

Syndesmotic fixation	 −1.05	 −3.72–1.62	 0.434

Post-operative complication	 −2.02	 −5.69–1.65	 0.274

BRC: Bartoníček–Rammelt classification; CI: Confidence interval; OMAS: Olerud-Molander Ankle score. Reference categories: BRC Type 2 and articular step-
off <1 mm.
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congruity should be a primary goal in the treatment of PMFs. 
These findings are consistent with studies reporting that 
long-term outcomes are determined by joint congruity re-
gardless of fragment size and that residual step-off increases 
the risk of osteoarthritis.[6-8,22]

The significant association between BRC types and reduction 
quality indicates that fracture morphology may influence the 
success of anatomical reduction. This observation may ex-
plain why fracture morphology was associated with OMAS 
scores in unadjusted analyses but lost statistical significance 
after adjustment for reduction quality and osteoarthritis 
grade. The higher rates of residual articular step-off observed 
in more advanced morphological types suggest that achieving 
anatomical reduction may be technically more challenging in 
these cases. This finding aligns with the approach proposed 
by Cho et al.,[20] emphasizing that different surgical strategies 
may be required for different morphological fracture types.

The posterolateral approach facilitates direct visualization of 
the posterior fragment, allowing reliable anatomical reduc-
tion, and has been associated with improved joint congruity.
[10-15] This approach enables the posterior malleolar fragment 
to be reduced and fixated early in the surgical procedure, 
supporting anatomical restoration of the articular surface.
[17,23] In our study, the high rate of <1 mm articular step-off 
and generally high OMAS scores support the effectiveness 
and reliability of the posterolateral approach in achieving ana-
tomical reduction within morphology-based surgical planning.

In our study, the rate of syndesmotic stabilization was 26.2%. 
The literature reports syndesmotic fixation rates ranging 
from 20% to 50% in PMF.[15,22-24] The rate observed in our 
cohort is consistent with previously reported rates in the 
literature. In the present study, syndesmotic fixation was not 
independently associated with functional outcome after ad-
justment for fracture morphology, reduction quality, osteoar-
thritis grade, and post-operative complications.

Regarding the development of osteoarthritis, higher rates 
were observed in more advanced morphological fracture 
types in our study. Although osteoarthritis is multifactorial, 
residual articular step-off has been strongly highlighted in the 
literature as one of its most important determinants.[7,8,22] 
Therefore, achieving anatomical reduction is critical not only 
for short-term functional recovery but also for the preserva-
tion of long-term joint health.

Limitations

This study has several limitations. Its retrospective design may 
introduce selection bias and the influence of uncontrolled 
variables. The small sample size in certain morphological 
fracture subtypes, particularly in the subgroup with articular 
step-off >2 mm, may have limited the statistical power and 
generalizability of the analyses for these subgroups. Articular 
reduction quality was primarily assessed using radiographs, 
and post-operative CT was not performed in all cases. Al-
though the follow-up duration was sufficient for mid-term 

evaluation, longer-term prospective studies are needed to 
more clearly assess the progression of osteoarthritis. As-
sociated medial and lateral malleolar fractures, syndesmotic 
injuries, and post-operative complications may influence func-
tional outcomes after ankle fractures. To address these po-
tential confounders, additional analyses including sensitivity 
analysis and adjusted multivariable regression models were 
performed. Nevertheless, residual confounding cannot be 
completely excluded because of the retrospective design and 
the relatively limited sample size. Furthermore, the high prev-
alence of associated malleolar injuries in the present cohort 
limited the ability to perform meaningful subgroup analyses 
for these injury patterns.

CONCLUSION

This study demonstrates that Bartoníček–Rammelt fracture 
morphology is associated with functional outcome in unad-
justed analyses in PMFs treated via the posterolateral ap-
proach. However, after adjustment for articular step-off, os-
teoarthritis grade, syndesmotic fixation, and post-operative 
complications, fracture morphology itself was not identified 
as an independent predictor of OMAS. Instead, residual artic-
ular step-off and radiographic osteoarthritis grade were the 
strongest independent determinants of functional outcome. 
These findings suggest that although CT-based fracture mor-
phology remains important for surgical planning, restoration 
of articular congruity appears to be the key modifiable factor 
associated with functional recovery.
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Posterior malleol kırıklarında BT-temelli morfolojiye dayalı posterolateral yaklaşım ile 
cerrahi tedavinin klinik ve radyolojik sonuçları: Tek merkezli retrospektif analiz
AMAÇ: Bu çalışmanın amacı, posterolateral yaklaşım ile cerrahi olarak tedavi edilen posterior malleol kırıklarının (PMK) klinik ve radyolojik sonuçla-
rını değerlendirmek ve Bartoníček–Rammelt kırık morfolojisinin fonksiyonel sonuçlar, redüksiyon kalitesi ve osteoartrit gelişimi açısından prognostik 
değerini araştırmaktır. 
GEREÇ VE YÖNTEM: Bu tek merkezli retrospektif  çalışmaya, Ocak 2020-Aralık 2023 tarihleri arasında posterolateral yaklaşım ile cerrahi olarak 
tedavi edilen ve en az 24 ay takip edilen 61 PMK hastası dahil edildi. Kırıklar Bartoníček-Rammelt sınıflamasına (BRS) göre sınıflandırıldı. Klinik so-
nuçlar Olerud-Molander Ayak Bileği Skoru (OMAS) ile, radyolojik sonuçlar ise artiküler basamaklanma ve Kellgren–Lawrence osteoartrit evresi ile 
değerlendirildi. Fonksiyonel sonucun bağımsız belirleyicilerini belirlemek amacıyla çok değişkenli lineer regresyon analizi yapıldı. 
BULGULAR: Ortalama takip süresi 38.2±8.8 ay idi. Ortalama OMAS skoru 89.9±10.2 olarak bulundu. Artiküler basamaklanma hastaların 
%82.0’ında <1 mm idi. OMAS skorları BRS tipleri arasında anlamlı farklılık gösterdi (p=0.039) ve daha kompleks kırık paternlerinde daha düşük 
skorlar gözlendi. Kırık morfolojisi, artiküler basamaklanma, osteoartrit evresi, sindezmoz tespiti ve postoperatif  komplikasyonları içeren düzeltilmiş 
çok değişkenli regresyon modelinde, artiküler basamaklanma (p<0.001) ve osteoartrit evresi (p<0.001) OMAS skorunun bağımsız belirleyicileri 
olarak saptanırken, kırık morfolojisinin fonksiyonel sonuç ile bağımsız ilişkisi gösterilemedi. 
SONUÇ: Bartoníček-Rammelt kırık morfolojisi düzeltilmemiş analizlerde fonksiyonel sonuç ile ilişkili bulunmuştur. Ancak artiküler redüksiyon kali-
tesi, osteoartrit evresi, sindezmoz tespiti ve postoperatif  komplikasyonlar için düzeltme yapıldığında, kırık morfolojisinin OMAS üzerinde bağımsız 
bir etkisi gösterilememiştir. Artiküler redüksiyon kalitesi ve osteoartrit evresi fonksiyonel sonucun en güçlü bağımsız belirleyicileri olup, posterior 
malleol kırıklarında anatomik redüksiyonun sağlanmasının önemini vurgulamaktadır.

Anahtar sözcükler: Ayak bileği kırıkları; kırık fiksasyonu; posterior malleol kırıkları; posterolateral cerrahi yaklaşım.

Ulus Travma Acil Cerrahi Derg 2026;32(9):1132-1140       DOI: 10.14744/tjtes.2026.65627

  ORİJİNAL ÇALIŞMA - ÖZ

https://doi.org/10.5435/JAAOSGlobal-D-22-00258
https://doi.org/10.7759/cureus.95154
https://doi.org/10.1177/1071100715570895
https://doi.org/10.1177/1071100715570895
https://doi.org/10.1007/s00402-018-3056-0
https://doi.org/10.1016/j.recote.2019.11.002
https://doi.org/10.7759/cureus.94681
https://doi.org/10.3113/FAI.2009.0309
https://doi.org/10.1053/j.jfas.2011.04.022
https://doi.org/10.1177/1071100714540893
https://doi.org/10.1007/s00402-020-03353-2
https://doi.org/10.1007/s00402-022-04620-0
https://doi.org/10.1111/os.12308
https://doi.org/10.1177/1071100717735839
https://doi.org/10.1097/01.blo.0000203489.21206.a9
https://doi.org/10.1097/BOT.0000000000001063
https://doi.org/10.2106/JBJS.G.01537
https://doi.org/10.3390/jcm14041216
https://doi.org/10.1007/s00402-021-03875-3
https://doi.org/10.1016/j.fas.2015.05.003
https://doi.org/10.1177/1071100716666277
https://doi.org/10.1177/1071100716666277

