
DOI: https://doi.org/10.30795/jfootankle.2026.v20.1997

Original Article

1J Foot Ankle. 2026;20(1):e1997Copyright © 2026 - Journal of the Foot&Ankle

Antegrade screw fixation for reverse oblique fractures 
of the medial malleolus
Robinson Esteves Pires1,2 , Erick Veiga Franco da Rosa1 , Luis Fernando Delgado Trochez1 , Gustavo Waldolato Silva1 ,  
Maria Laure Antunes Parreiras1 , Pedro Henrique Ribeiro Silveira1 , Vincenzo Giordano3 , Rodrigo Pesantez4

1. Hospital Felicio Rocho, Belo Horizonte, MG, Brazil.
2. Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brazil.
3. Hospital Miguel Couto, Rio de Janeiro, RJ, Brazil.
4. Fundación Santafé de Bogotá, Bogotá, Colombia.

Abstract
Objective: To assess the safety and effectiveness of antegrade minifragment lag screws in patients with reverse obliquity medial 
malleolar fractures. 

Methods: A retrospective case series was conducted at a tertiary care institution between January 2019 and December 2024. Eligibility 
criteria included skeletally mature patients with reverse oblique medial malleolar fractures identified by radiographs and computed 
tomography, treated with antegrade minifragment screws. Functional outcomes were assessed using the AOFAS ankle-hindfoot score 
and the Olerud-Molander ankle score. 

Results: Over the study period, two fellowship-trained orthopedic trauma surgeons performed 177 malleolar fracture fixations, of which 
84 involved the medial malleolus. Six patients presented with the reverse oblique fracture configuration, all resulting from torsional 
trauma. All medial malleolar fractures achieved complete union without adverse events, with consolidation occurring within six weeks 
at the latest. After healing, no patient reported pain around the medial malleolus or implant-related discomfort. 

Conclusion: The use of bicortical antegrade minifragment screws resulted in functional outcomes comparable to those described for 
standard fixation methods, without complications such as loss of reduction, nonunion, or malunion. Although the small sample size 
limits the external validity of the findings, the favorable results suggest that this technique may represent a viable alternative, especially 
in cases involving small fragments where bone preservation is essential.

Level of Evidence IV; Case Series. 
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Introduction
The incidence of ankle fractures is estimated at 112 to 187 

per 100,000 people annually, with a rising trend observed 
in recent decades, particularly among aging populations(1,2). 
Medial malleolar fractures account for approximately 32.5% 
of all ankle fractures and represent a clinical challenge due to 
their variability and implications for ankle stability(3-5).

Traditional classification systems, such as Herscovici 
et al.(6) and Pankovich(7), have been used to categorize 
medial malleolar fractures based on two-dimensional 
radiographs. However, beyond the AO/OTA(8) classification, 
these systems face limitations in terms of reproducibility 
and comprehensiveness, especially when applied to more 
complex configurations or uncommon variants, such as 
reverse obliquity fractures(9).

https://orcid.org/0000-0002-3572-5576
https://orcid.org/0009-0003-1435-1311
https://orcid.org/0000-0001-9330-4094
https://orcid.org/0009-0006-9800-4422
https://orcid.org/0009-0008-6911-2234
https://orcid.org/0000-0002-4429-312X
https://orcid.org/0000-0002-5728-3115
mailto:robinsonestevespires@gmail.com
mailto:robinsonestevespires@gmail.com


Pires et al. Antegrade screw fixation for reverse oblique fractures of the medial malleolus

2 J Foot Ankle. 2026;20(1):e1997

Advancements in three-dimensional (3D) mapping have 
enabled detailed characterization of medial malleolar frac
tures, revealing recurrent patterns that assist in surgical 
planning and the selection of fixation methods(10-12). These 
patterns highlight the high morphological variability of 
such fractures, emphasizing the need for precise and 
clinically relevant classification systems(9,10). However, while 
the interesting classification systems describe transverse 
or oblique patterns, they fail to adequately address reverse 
obliquity patterns.

From the mechanical efficiency perspective, interfragmen
tary fixation achieves optimal stability and effectiveness 
when the lag screw is placed perpendicular to the fracture 
line. In this context, retrograde screw fixation may not be 
ideal in reverse oblique patterns, as it does not provide 
an adequate angle for perpendicular fracture fixation. 
Consequently, antegrade fixation emerges as a mechanically 
more promising fixation alternative(13,14).

This study aims to assess the safety and effectiveness of 
antegrade minifragment lag screws in patients with reverse 
obliquity medial malleolar fractures, thereby advancing 
therapeutic approaches for this often-overlooked condition.

Methods
This retrospective case series was conducted in a tertiary 

institution from January 2019 to December 2024. Ethical 
approval to conduct the study was obtained from the 
Institutional Review Board. The medical records of patients 
who underwent surgery for a displaced/unstable malleolar 
fracture were evaluated. The inclusion criteria consisted 
of skeletally mature patients with reverse oblique medial 
malleolar fracture patterns who underwent fixation with 
antegrade minifragment screws. The reverse oblique 
medial malleolar fracture pattern was defined based on 
the orientation of the fracture line in the coronal plane, 
as identified on both plain radiographs and computed 
tomography. Specifically, the fracture line was characterized 
by an obliquity opposite to that of typical medial malleolar 
fractures, extending in a reverse oblique direction. Patients 
with medial malleolar fractures who did not undergo fixation 
with the aforementioned technique were not included. 
Exclusion criteria comprised patients who did not meet the 
minimum six- month follow-up period or had incomplete 
imaging exams. 

The functional outcomes were assessed using the American 
Orthopaedic Foot & Ankle Society (AOFAS) ankle-hindfoot 
score(15) and the Olerud-Molander ankle score(16). Epidemiological 
data, fixation techniques, functional outcomes, follow-up du
ration, and complications were thoroughly assessed.

Complications were defined as loss of reduction, fracture-
related infection, nonunion, malunion of the medial malleolus, 
and soft tissue necrosis requiring additional surgical 
intervention.

Antibiotic prophylaxis consisted of intravenous cefazolin (1 g 
every 8 hours) administered for 24 hours in all patients. Upon 

discharge, thromboprophylaxis for deep vein thrombosis was 
prescribed using either enoxaparin (40 mg subcutaneously 
daily) or apixaban (2.5 mg orally twice daily) for 35 days, 
according to surgeon preference.

In our series, the indication for temporary transarticular 
external fixation was primarily based on the inability to 
maintain adequate reduction of the fracture-dislocation after 
initial splint immobilization.

Results
From January 2019 to December 2024, two fellowship-

trained orthopedic trauma surgeons performed 177 fixations 
of malleolar fractures in one tertiary institution. Among the 
sample of 177 malleolar fractures, 84 involved the medial 
malleolus, and six had a reverse obliquity pattern. Torsional 
trauma was the characteristic mechanism of injury in all six 
patients. 

Table 1 provides the characteristics of the six patients with 
reverse obliquity fractures. Figures 1-6 illustrate the fixation 
strategy for medial malleolus fractures using antegrade 
minifragment screws.

A transarticular external fixator was applied in three 
patients. After the appearance of the wrinkle sign, patients 
underwent definitive open reduction internal fixation.

To illustrate the surgical technique and the evolution of 
treatment, we present two case examples below.

Patient 2
A 42-year-old woman sustained a torsional ankle injury 

and was diagnosed with an AO/OTA(8) 44B3 fracture 
of the left ankle (Figures 1 and 2). The soft tissues were in 
suitable condition for surgical fixation, and the patient 
underwent operative treatment eight days after the trauma. 
The procedure was conducted entirely in the prone position, 
thereby eliminating the need for intraoperative patient 
repositioning.

Table 1. Characteristics of the six patients presenting a reverse 

oblique medial malleolar fracture pattern.

Patient Age Sex AO/OTA
Classification Fixation method

1 78 F 44-B3 1 antegrade minifragment 
screw (2.7 mm)

2 42 F 44-B3 1 antegrade minifragment 
screw (2.4 / 2.0 mm)

3 70 F 44-B3 2 antegrade minifragment 
screws (2.4 / 2.0 mm)

4 45 F 44-B3 2 antegrade minifragment 
screws (2.4 / 2.0 mm)

5 57 F 44-B2 1 antegrade minifragment 
screw (2.4 mm)

6 62 F 44-B3 1 antegrade minifragment 
screw (2.7 mm) + 

minifragment plate
F: Female.
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Postoperative radiographs showed the quality of the re
duction, and the patient was stimulated to move the ope
rated ankle on the first day after surgery. Partial flat-foot 
weight-bearing in a boot was allowed as tolerated, and full 
weight-bearing was allowed after six weeks.

Figure 2 illustrates the range of motion after 12 weeks 
postoperatively.

Patient 3 
A 70-year-old female patient presented with a torsional 

ankle trauma and sustained a fracture-dislocation of the right 
ankle (AO/OTA(8) 44B3) (Figures 3-5).

The patient was referred to our institution after eight days, 
presenting with significant edema and hemorrhagic blisters. 
A transarticular external fixation was initially applied due to 
poor soft-tissue conditions (Figure 3).

The patient was operated on 12 days after hospital 
admission, and the postoperative radiographs after six weeks 
show complete fracture healing.

Functional outcomes according to the AOFAS(15) and the 
Olerud-Molander(16) scores are presented in Table 2. Re
garding complications, none of the patients with a reverse 
obliquity pattern experienced any of the aforementioned 

Figure 1. (A) Radiographs of the left ankle showing a trimalleolar 

ankle fracture. Observe the reverse oblique pattern of the medial 

malleolus. (B) Computed tomography scan in sagittal, axial, and 

3D reconstruction of the left ankle showing a trimalleolar fracture.

B

A

Figure 2. (A) Intraoperative fluoroscopic images showing fractu-

re reduction and antegrade fixation of the medial malleolus using 

minifragment lag screws (2.4- and 2.0 mm screws). Observe the 

reverse obliquity of the medial malleolar fracture. (B) Postope-

rative fluoroscopy images in anteroposterior and lateral views 

showing fracture fixation using minifragment implants. (C) Pos-

toperative radiographs after six weeks showing complete fractu-

re healing. (D) Observe the symmetric range of motion of both 

ankles after 12 weeks postoperatively.

AA

BB

CC

D

complications. All medial malleolar fractures healed une
ventfully within a maximum period of six weeks. No patient 
reported medial perimalleolar pain or discomfort caused by 
the implants after fracture healing.



Pires et al. Antegrade screw fixation for reverse oblique fractures of the medial malleolus

4 J Foot Ankle. 2026;20(1):e1997

Figure 3. (A) Radiographs of the right ankle in anteroposterior and lateral views show the trimalleolar fracture-dislocation. Observe the 

reverse obliquity pattern of the medial malleolus. (B) Observe the sagittal, the axial, and the 3D reconstruction of the computed to-

mography scan showing the trimalleolar fracture dislocation. Observe the reverse oblique pattern of the medial malleolus. (C) Observe 

the clinical aspect of the right foot/ankle with edema and hemorragic blisters. (D) The right ankle was reduced and spanned. Note the 

presence of the wrinkle sign on the skin 12 days postoperatively, indicating improved soft tissue condition.

AA

BB

CC

DD

Figure 4. Observe the postoperative fluoroscopy images of the 

ankle showing fixation of the lateral malleolus with a 2.7 mm 

hook plate, fixation of the posterior malleolus with a 3.5 mm 

posterior plate, and fixation of the reverse oblique fracture of 

the medial malleolus with 2 antegrade minifragment screws (2.4 

mm and 2.0 mm).

Figure 5. Radiographs of the right ankle in anteroposterior and 

lateral views showing complete fracture healing after eight weeks.
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Discussion
In recent years, increasing attention has been directed 

toward the management of medial malleolar fractures. 
While the literature supports nonoperative treatment 
for undisplaced and minimally displaced fractures of the 
medial malleolus(17), a recent study reported that fixation of 
the medial malleolus in unstable ankle fractures, following 
fibular stabilization, was not superior to non-fixation in 
terms of primary outcomes(18). However, one in five patients 
who underwent non-fixation exhibited radiographic no
nunion. Despite the low reintervention rate to address this 
complication, the long-term implications remain uncertain. 
These findings suggest that selective non-fixation of ana
tomically reduced medial malleolar fractures may be appro
priate after successful stabilization of the lateral malleolus. 
It is important to note that this debate primarily pertains 
to medial malleolar fractures that are anatomically reduced 
following lateral malleolar fixation, which represents a 
different clinical scenario from the displaced and unstable 
fracture pattern evaluated in the present study.

Several fixation methods are currently available for the 
management of medial malleolar fractures, including retro
grade lag screws fixation (uni- or bicortical) using one or two 
screws (in parallel or divergent directions), headless screws, 
absorbable screws, combination of screw and K-wire, tension 
band wiring, modified tension bands, minifragment plates, 
and pre-contoured hook plates(19-31).

While the standard and most commonly used fixation 
method for medial malleolar fractures is open reduction 
and internal fixation with two lag screws, clinical and 
biomechanical studies in the literature also support fixation 
using a single screw(32,33). 

However, the configuration of the fracture line in the coronal 
plane has received limited attention in the literature, despite 
the clear need for a more precise approach that optimizes 
interfragmentary compression by positioning screws perpen
dicular to the fracture line. In this context, Tekin et al.(13) and 
Chami et al.(14) reported favorable outcomes using headless 
antegrade screws to treat medial malleolar fractures with a 
reverse obliquity pattern. 

Tekin et al.(13), in a study of 12 patients with a mean follow-up 
period of 17.2 ± 5.3 months (range, 12-23 months), reported 
that complete fracture union was achieved in all patients. The 
mean time to union was 3.4 ± 1.5 months (range, 2-5 months). 
No cases of instability, loss of reduction, nonunion, or 
infection were observed. The mean AOFAS(15) score was 95.0 
(range, 87-99), with four patients showing good and eight 
achieving excellent outcomes. The mean time to return to the 
previous level of activity was 4.0 ± 2.5 months (range, 2-5 
months). These findings suggest that anterograde headless 
cannulated screw fixation yields favorable clinical outcomes 
in the surgical treatment of Herscovici et al.(6) type B fractures.

Perhaps because of the limited literature on the treatment 
of medial malleolar fractures with antegrade screws, 
surgeons may be hesitant to adopt this fixation, given their 
unfamiliarity with the technique(34). In this study, we employed 
bicortical minifragment screws (2.0, 2.4, or 2.7 mm) using 
the interfragmentary compression technique. Although, to 
our knowledge, there are no preclinical or clinical studies 
comparing these implants for the fixation of reverse oblique 
medial malleolus fractures, we chose bicortical cortical 
screws over headless compression screws. The choice of 
bicortical cortical screws over headless compression screws 
was deliberate and based on anatomical and biomechanical 
considerations. In small medial malleolar fragments, bicortical 
fixation may provide improved cortical purchase and greater 
construct stability. In the subcutaneous medial aspect of 
the ankle, the use of headless screws may still be associated 
with soft tissue irritation depending on implant positioning 
and fragment morphology. Bicortical screws also offer a 
readily available and technically straightforward option 
in most surgical settings. Additionally, the use of smaller-
diameter screws would help preserve bone stock, as reverse 
obliquity fractures typically involve a small fragment. Despite 
this deviation from the standard technique, the functional 
outcomes were comparable to those previously reported 

Table 2. AOFAS and Olerud-Molander scores

Patient AOFAS15

Total/100
Olerud-

Molander16

Total/100

Healing time 
(weeks)/ 

follow-up 
(months)

Complications

1 98 95 6/12 None

2 100 95 6/11 None

3 98 95 6/17 None

4 100 95 6/12 None

5 98 95 6/6 None

6 98 95 4 /7 None
AOFAS: The American Orthopaedic Foot & Ankle Society.

Figure 6. Illustration depicting the fixation of medial malleolar 

fractures using antegrade lag minifragment bicortical screws (A) 

and the standard retrograde screw technique (B). Note a poten-

tial complication associated with the retrograde screw technique 

in reverse oblique fractures. Due to compression, shearing forces 

may cause displacement of the fracture, as the compression is 

not perpendicular to the fracture line (C).
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in the literature, with no complications related to loss of 
reduction, nonunion, or malunion of the medial malleolar 
fractures.

Our study presents limitations. Firstly, the choice to use 
bicortical compression minifragment screws was based on 
the surgeons’ preference rather than evidence. Secondly, the 
sample size was limited, making any comparative statistical 
analysis inadequate, as the study lacks the power for such 
evaluations. Thirdly, there was no control group using 
conventional techniques. Additionally, patient quality of 
life was not assessed, as only functional scores were used. 
The AOFAS ankle-hindfoot score, despite its widespread 
use, has recognized limitations in its clinimetric properties, 
including the lack of a fully patient-reported component 
and the inclusion of physician-assessed items. To mitigate 
this limitation, we also used the Olerud-Molander ankle 
score, a validated patient-reported outcome measure, to 
provide a more comprehensive functional assessment. A 
further limitation of this study is the heterogeneity in fixation 
technique, as one patient (Patient 6) required a different 
construct consisting of an antegrade minifragment screw 
combined with a minifragment plate. This variation, likely 
related to intraoperative factors such as fragment size or 
stability, may limit the series’ internal consistency and should 
be considered when interpreting the overall results. Another 
limitation of this study is that all patients were female, which 
may limit the generalizability of the findings to a broader 
population. Given the small sample size, it is not possible to 
assert that the method used is reproducible or that similar 

outcomes would be achieved if the technique were applied 
in other centers.

However, some strengths should be highlighted. Despite 
the limited sample, this represents one of the largest case 
series on this topic in the literature. The modification of the 
technique using minifragment screws yielded functional 
outcomes comparable to those reported in similar studies, 
and no complications were observed. We believe that using 
minifragment screws is a promising alternative in such cases, 
as reverse obliquity fracture patterns involve small fragments 
and require techniques that preserve bone stock. Although 
the results are not supported by biomechanical studies, 
limited clinical observations suggest that reverse obliquity 
medial malleolar fractures should be safely and effectively 
fixed perpendicular to the fracture line rather than obliquely. 
This approach avoids unstable fixation or shear forces at the 
fracture site during interfragmentary compression (Figure 6).

Conclusion
This study highlights the challenges and opportunities in 

managing reverse oblique medial malleolar fractures. By 
utilizing bicortical minifragment screws via an antegrade 
approach, we achieved functional outcomes comparable 
to those reported with conventional techniques, with no 
observed complications such as loss of reduction, nonunion, 
or malunion. While our sample size limits the generalizability 
of these findings, the promising results suggest that this 
technique may be a viable alternative, particularly in cases with 
small fracture fragments where bone preservation is critical.
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