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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 obliqgue 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 1V; Case Series.

Keywords: Ankle fractures; Fracture Fixation, Internal; Bone Screws.

Traditional classification systems, such as Herscovici
et al.® and Pankovich®”, have been used to categorize
medial malleolar fractures based on two-dimensional
radiographs. However, beyond the AO/OTA® classification,

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®?,
Medial malleolar fractures account for approximately 32.5%
of all ankle fractures and represent a clinical challenge due to

these systems face limitations in terms of reproducibility
and comprehensiveness, especially when applied to more
complex configurations or uncommon variants, such as

their variability and implications for ankle stability®. reverse obliquity fractures®.
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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®'?, These
patterns highlight the high morphological variability of
such fractures, emphasizing the need for precise and
clinically relevant classification systems®'®. 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.

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™ and the Olerud-Molander ankle score™. 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 (1g
every 8 hours) administered for 24 hours in all patients. Upon
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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.

. AO/OTA -
Patient Age Sex ./. . Fixation method
Classification
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® 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 AOFASY and the
Olerud-Molander® 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.

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.

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.
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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.

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 Figure 5. Radiographs of the right ankle in anteroposterior and
mm and 2.0 mm). lateral views showing complete fracture healing after eight weeks.
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Figure 6. lllustration 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).

Table 2. AOFAS and Olerud-Molander scores

Olerud- Healing time
(]
Patient LD Molander™ {eeks)/ Complications
Total/100 follow-up
Total/100
(months)
1 98 95 6/12 None
2 100 95 6/1 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.

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®, 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®. 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@-3v,

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®239,

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.™® and
Chami et al.™ reported favorable outcomes using headless
antegrade screws to treat medial malleolar fractures with a
reverse obliquity pattern.

Tekin et al.%, 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 AOFASY 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.®® 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®®. 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
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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 vyielded 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 obligue 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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Abstract

Objective: To determine whether additional perspectives would be added to surgical reports in the foot and ankle literature by including
outcomes for patient acceptable symptomatic state (PASS) (value beyond which the residual symptoms are felt to be acceptable) to
minimum clinically important difference (MCID) outcomes (minimal amount of change that is felt to be clinically significant).

Methods: Visual analog scale (VAS) pain was chosen as a common, intuitively understandable patient-reported outcome for which PASS
thresholds have been established in a variety of orthopedic conditions. A total of 21 consecutive studies in Foot and Ankle International
fromm December 2020 to August 2022 that reported VAS scores before and after an intervention were included. Improvement beyond
an MCID of 2/10 VAS pain was noted, and a 2/10 VAS PASS threshold was used. Subjective ratings of success were also extracted.

Results: All 21 studies reported improvement in VAS pain beyond the MCID, and 15 (71%) reported subjectively successful results. Based
on a VAS PASS threshold of 2/10, successful results were observed in only 13 studies (62%).

Conclusion: Residual pain above the threshold that is acceptable to patients is frequently present in foot and ankle surgery, despite the
common reporting of subjectively positive results. This demonstration illustrates that using PASS thresholds, in addition to improvement
beyond an MCID, provides further context for determining successful surgical outcomes.

Level of evidence lllI; Retrospective Comparative Study.

Keywords: Patient Reported Outcome Measures; Ankle Joint; Pain.

Introduction

Clinical papers assessing patient-reported outcomes
(PROs) typically determine success or failure based on the

outcome. Recently, the patient acceptable symptomatic state
(PASS) has been proposed as a threshold value of any PRO
beyond which patients with a specific condition consider

their outcome “acceptable”®. Philosophically, the approach
can be summarized as “it is more important to feel good
than to feel better.” PASS data may represent an essential
dimension of patient outcomes and supplement the use of

minimum clinically important difference (MCID) of the scale,
the smallest change in an outcome’s score that is of clinical
value to patients®. This approach can demonstrate that an
intervention has a measurable effect, but does not provide

insight as to whether the patient is satisfied with their the MCID for determining surgical success.
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In theory, a valid PASS threshold must be established
for a specific PRO and pathology. This is accomplished by
asking patients with that condition a global anchor question
to determine whether their symptoms are acceptable and
correlating the answer with their PRO outcome. One possible
exception to this standard may be the visual analog scale
(VAS) for pain, the simplest PRO. All papers that have formally
calculated PASS thresholds for VAS pain in orthopedic
conditions have reported values ranging from 14/100 to
30/100 (Table 1)G29, This correlates with the intuitive point
that patients seek final pain outcomes of less than 2 or
3/10@®, Precedent exists to use a PASS threshold in the foot
and ankle literature. Baumhauer et al.?” used a pain value
of 2/10 as the threshold of “significant” pain after autograft
harvest for foot and ankle fusions.

As a demonstration of how the use of PASS thresholds may
alter the interpretation of surgical results, we reexamined a
sequential set of studies in Foot and Ankle International (FAI)
that reported pre- and post-intervention VAS pain results and
sought to answer the following questions:

1. Did the patients’ VAS pain scores improve beyond the
MCID?

2. Did the investigators subjectively rate the outcome as
successful?

3. Did the patients’ final VAS pain scores exceed a PASS
threshold of 2?

Methods

Articles published in FAI from December 2020 to August
2022 were reviewed to identify studies reporting pre- and
post-intervention VAS pain results after a therapeutic
procedure. Four of the 25 papers identified were excluded
because of inconsistent data reporting, leaving 21 studies
for analysis (Table 2)@&4®_ |f a study compared multiple
interventions, the intervention interpreted as most favorable
was used in the analysis.

The pre- and post-intervention VAS scores and the inves-
tigators’ subjective descriptions of the intervention’s efficacy
were extracted. Surgical success was determined in three
ways:

1. An intervention was considered successful by MCID
criteria if the VAS pain score improved by more than 2/10
(or 20/100). This value is conservatively high in the range
of MCIDs used for the scale in the orthopedic literature®®,

2. An intervention was considered successful by subjective
criteria if the text included the descriptors of “reliable,”
“good,” “effective,” or “satisfactory.”

Table 1. Orthopedic literature reporting MCID and PASS scores for VAS pain

Study Subject MCID value PASS value MCID reached PASS reached
Abufoul et al.® Rotator cuff 15 17 71% 48%
Allahabadi et al.“ Femoroacetabular syndrome 14.6 275 88.6% 70.9%
Ardebol et al.® Glenohumeral arthritis 16 15 97% 78%
Beck et al.® Femoroacetabular syndrome 14.8 21.6 97.6% 66.4%
Bilsel et al.™” Rotator cuff 14 30 100% 66.7%
Daniel et al.® Anterior cruciate ligament 12 10 57.9% 79%
Fenn et al.® Femoroacetabular syndrome 14.6 275 88.9% 60%
Ju et al.0® Femoroacetabular syndrome 15 19 76.9% 26.9%
Kunze et al.™ Femoroacetabular syndrome 21.6 21.6 89.7% 58.7%
Levins et al.1» Glenohumeral arthritis 21 15 89.7% 93.1%
Li et al.®® Cervical dizziness 25 30 82.5% 75%
Lu et al.t® Biceps tenodesis 12.9 27.4 73.3% 52.8%
Maldonado et al./® Femoroacetabular syndrome n 21.6 66% 71.7%
Menendez et al./® Shoulder instability 17 25 61.1% 84%
Nakajima“” Achilles tendinopathy 10.6 14 100% 77.3%
Pasqualini et al.t® Adhesive capsulitis n 20 98% 84%
Rice et al.® Femoroacetabular syndrome 15.8 15.5 66.7% 56.8%
Rupp et al.?® Patellofemoral arthroplasty 24.6 255 54.4% 53.6%
Saks et al.? Femoroacetabular syndrome 16.5 21.6 70.5% 58.3%
Scanaliato et al.®??» Glenohumeral instability n 30 97.3% 67.1%
Shao et al.®®» Femoroacetabular syndrome 15 19 93.9% 48.5%
Yang et al.@» Femoroacetabular syndrome 15 19 83.8% 66.7%
Yokota et al.?® Knee osteoarthritis 14 30 55% 38%

MCID: Minimum clinically important difference; PASS: Patient acceptable symptomatic state; VAS: Visual analog scale
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3. An intervention was considered successful based upon

Results

PASS criteria if the post-intervention VAS pain score was

below 2/10 (or 20/100). This threshold was based upon
the range of PASS scores found for VAS pain in previous
orthopedic conditions (Table 1) and its previous use in the
foot and ankle literature®@”,

The mean preoperative and postoperative VAS scores for
the 21 included studies are shown in Figure 1. All 21 studies
(100%) demonstrated improvement of VAS pain well beyond

the MCID, 15 studies (71%) reported subjectively successful

Table 2. Studies in Foot and Ankle International 2020-2022 reporting VAS pain

VAS

Article No. patients Follow-up
Preoperative Postoperative

1 Del Vecchio et al.®? 135 42.4 (30-66) months 79+0.9 0.7+ 0.9 < 0.001
2 Wang et al.“® 32 56.9 = 18.0 months 6.7 £ 0.9 (4-8) 2.3 +£1.9 (0-8) < 0.001
3 Amann et al.?® 17 (20 feet) 15.87 (12-33) months 7.6 (4-9) 1.4 (0-4) < 0.05
4 Yontar et al.“® 77 35.5 (6-92, median 32) months 7.21+1.08 221+ 265 < 0.001
5 Fram et al.¢® 58 24 (12-33) months 64.5 (26.0) 26.8 (30.3) 0.001
6 Qin et al.“® 43 28.23 + 3.64 months (23-34) 4.38 £1.95 0.79 £ 1.06 <01

7 Bahar et al.¢® 52 24 months 7111 04+0.8 < 0.001
8 Kim et al.©® 13 31(24-60) months 7.3 £1(95% Cl, 2.5 %15 (95% Cl, < 0.05

6.7-7.9) 1.6-3.5;
9 Ferranti et al.®® 27 26.5 (6-68) months 81+0.9 24+23 < 0.001
10 Greiner et al.®® 42 32.8 (18-52) months 8.91+1.0 147 £ 25 < 0.01
n Piat et al.“*? 36 56 + 36 (12-207) months 6.7+24 2.3+19 < 0.0001
12 Choi et al.©P 42 31.8 (24-62) months 6.2+ 2] 11+ 0.8 < 0.001
13 Neufeld et al.“? 94 1.2 + 4.4 (6-28) months 52+24 16 £ 21 < 0.001
14 Scott et al.“® 70 Minimum 1 year 75+18 1.7 +22 < 0.0001
15 Garcia-Ortiz et al.¢» 29 3.4 (2-5) years 79 (2.5) 2.5@2.7) 0.001
16 Hau et al.®” 16 4.8 £ 0.91 years 60 (27) 16 (23) < 0.001
17 Akoh et al.@®® 33 3.7 (1.0-9.8) years 4.8 (4.0-5.6) 0.2 (0.1-0.4) < 0.001
18 Martin et al.“® 95; 19 (3-48) months 48 +15 1.3+15 < 0.001
19 Yang et al.¢” 30 (43 joints) 28.2 (24-96) months 5.0 (4.2-5.9) 1.8 (1.2-2.5) < 0.001
20 Li et al.®® 7 17.4 (9-27) months 4.0 (2.0-5.0) 0 (0-1.0) 0.016
21 Rogero et al.4## 81 58.9 (24-104) months 8.6 +12 3.7+3.0 < 0.0001
VAS: Visual analog scale
® Preop VAS = Postop VAS
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Figure 1. Preoperative and postoperative VAS pain in Foot and Ankle International studies. Preop: Preoperative; Postop: Postoperative;
VAS: Visual analog pain scale. Broken line, VAS PASS threshold 2/10. See Table 2 for references.
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results, and 13 studies (62%) reported final mean VAS pain
scores below the chosen PASS threshold of 2 (Figure 2).

Discussion

Reaching a defined threshold in a PRO is a higher standard
than simply demonstrating improvement. As in this
analysis, it commonly results in a less satisfactory view of
orthopedic interventions. Although many procedures result
in improvement, patients commonly have residual pain and
limitations.

PASS thresholds have gradually been established across a
variety of orthopedic conditions for different PROs, including
VAS pain. Nakajima® studied endoscopic debridement
for Achilles insertional tendinopathy using the VAS MCID
and a PASS threshold of 1.4. Although 100% of his sample
reached MCID, only 77% achieved PASS. The 1.4 VAS value
was obtained from a receiver operating curve (ROC) for
“very satisfied” and “satisfied” states (area under curve
[AUC]: 0.94). Similarly, using an ROC to determine the PASS

o 100
£
0
.E 71
g™
5 62
T w0
:
2 5
]
@
0
1]
n
1
]
VAS MCID Subjective Success VAS PASS Threshold of 2.0

Figure 2. Percentage of successful results in the studied groups
based on three different criteria. MCID: Minimum clinically impor-
tant difference; PASS: Patient acceptable symptomatic state.

threshold in patients who underwent an inlay patellofemoral
arthroplasty, Rupp et al.?® established a 2.55 threshold (AUC:
0.81) for VAS. In their sample, 53% reached this value, a rate
similar to the rate who achieved the MCID for VAS (54%).
After arthroscopic capsular release for adhesive capsulitis,
Pasqualini et al.™® obtained an MCID of 1.1 for VAS and a PASS
threshold of 2 using distribution-based methods and ROC
(AUC: 0.78), respectively. A total of 97% of patients achieved
MCID, and 84% reached PASS. Using a distribution-based
method for MCID and ROC method for PASS in VAS scores
after hip arthroscopy for femoroacetabular impingement,
Beck et al.“® found that 98% achieved an MCID of 1.4 and
only 66% achieved a PASS of 2.1.

This study is best viewed as a demonstration of how
surgical outcomes can vary depending on the standards used
to define success. It is not a rigorous quantitative analysis.
VAS pain was chosen for this demonstration because it is
both intuitively understandable and backed by a body of
literature across a variety of orthopedic conditions. It is far
from a complete description of a patient’s condition. Many
other PROs can be used to assess function, strength, motion,
and interference with activities. Nevertheless, the concepts
of assessing outcomes using the MCID versus the PASS
threshold are universal regardless of the rating scale used.

Surgical outcomes are complex, and the final level of
satisfaction and relative improvement represent different
facets of success. In more challenging conditions, such as
a Charcot hindfoot, a limited outcome may be a reasonable
expectation, even if the patient does not consider the final
result acceptable. Patients may be less likely to find a limited
outcome acceptable for simpler problems.

Conclusion

In this demonstration, PASS threshold analysis applied to
VAS pain data from studies in the foot and ankle literature
yielded a substantially more negative interpretation of pain
outcomes compared with improvement beyond the MCID or
subjective assessment. A more comprehensive picture of the
outcomes of foot and ankle procedures and overall patient
satisfaction can be gained by analyzing PROs in terms of
both clinically relevant improvement (MCID) and the patient’s
acceptability of the final outcome (PASS).
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Abstract

Objective: To develop the pronation loading (PL) device, evaluate its intra- and inter-rater reliability in single-leg stance, and investigate
correlations between PL measures and gait kinetic and kinematic variables.

Methods: This cross-sectional study was conducted in two stages: (1) assessment of intra- and inter-rater reliability of the PL device,
and (2) investigation of correlations between PL measurements and kinetic and kinematic gait variables. Reliability was analyzed using
the intraclass correlation coefficient (ICC), and measurement error was assessed using the standard error of measurement (SEM) and
minimal detectable change (MDC). Associations were evaluated using Pearson’s correlation coefficient (r).

Results: Intra-rater reliability showed ICC of 0.75 and 0.73, with SEM ranging from 0.04 to 0.05. Inter-rater reliability demonstrated
an ICC of 0.77, an SEM of approximately 0.04, and an MDC between 0.11 and 0.13. Pronation loading measurements showed moderate
correlations with peak ankle evertor external moment, knee internal rotation moment, hip internal rotation moment, and hip adductor
moment during gait.

Conclusion: The PL test demonstrated good reliability and significant associations with selected gait-kinetic variables, suggesting
potential clinical applicability for assessing pronation-related loading during orthostatic standing.

Level of evidence lll; Cross-sectional (two stages).

Keywords: Foot; Gait; Flatfoot; Kinematics; Pronation.

Introduction

Foot pronation plays a fundamental role in human gait
mechanics®. Occurring primarily during the first half of
stance, it contributes to energy dissipation through the foot
structures®. As a triplanar motion, pronation involves calcaneal
eversion, talar plantarflexion, and adduction, resulting in lo-
wering and medial displacement of the navicular bone®.

Excessive pronation may overload musculoskeletal struc-
tures and increase injury risk® and is associated with plantar
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fasciitis®, posterior tibial tendinitis, and medial tibial stress
syndrome®. Due to the oblique orientation of the subtalar
joint, calcaneal eversion may be transferred proximally,

promoting medial rotation of the leg and thigh?®,

Orthotic insoles are commonly used to support the medial
longitudinal arch (MLA) and limit excessive pronation®,
However, excessive correction may restrict the physiolo-
gical pronation required for energy dissipation after initial
contact™™, Variable-density insoles produced by additive
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manufacturing have emerged as a strategy to allow controlled
pronation while maintaining biomechanical efficiency®,

To optimize orthotic prescription, it is essential to quantify
the force applied by the MLA to the ground in standing and
determine whether this measurement relates to dynamic gait
behavior. Therefore, this study describes the development of
a device to assess medial longitudinal arch loading during
single-leg stance, evaluates its intra- and inter-rater reliability,
and investigates its association with gait kinematic and
kinetic variables of the hip, knee, and ankle.

Methods

This cross-sectional study was divided into two stages. The
first stage evaluated the intra- and inter-rater reliability of the
device named pronation loading (PL), whereas the second
stage investigated the association between PL measurements
and gait kinetic and kinematic variables.

Participants were recruited from the physiotherapy tea-
ching clinic at the Universidade Federal dos Vales do Jequi-
tinhonha e Mucuri (UFVJM) through posters and social
media. All volunteers provided written informed consent
before the assessments. The research protocol was approved
by the Institutional Review Board under the number CAAE
31685420.9.0000.5108.

Pronation loading

The PL consists of a digital tensile and compression
dynamometer (Homis - MOD2100 - HOO4 - 557) with a load
cell fixed inside a wooden box measuring Tm x1m and 15 cm
in height. At the top of the box, a piece of wood roughly the
shape of the MLA is connected to the load cell by a screw,
allowing the measurement of the applied direct force. The
collected data, corresponding to the weight load on the MLA
support, are displayed on an external digital display, with
values presented in kilogram-force (kgf) (Figure 1).

Figure 1. Pronation loading equipment.
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Reliability
Participants

Individuals aged 18 to 45 years were included; they had
no neurological or orthopedic diseases, had not undergone
surgery on their lower limbs or spine, or used orthopedic
insoles in the 12 months prior to data collection, and were
able to remain in a single-leg stance for 10 minutes. Reports
of pain or discomfort during data collection were considered
exclusion criteria.

A sample size calculation was performed using G*Power
software?, based on Student’s t-test, with statistical power
set at 80% and a significance level of 0.05. The first data
collection involved 39 volunteers, 10 (25.65%) men and 29
(74.35%) women. During the two days of data collection,
we had a sample loss of 14 (35.90%) participants for various
reasons, including travel, illness, and nonresponse. Therefore,
25 (64.10%) volunteers completed the evaluation on the
second day of data collection, 5 (20%) men and 20 (80%)
women, with a mean weight of 62.50 kg.

Procedures

Data collection was performed on the same day, in a labo-
ratory, with the experimental conditions randomly assigned
by lottery using an opague envelope. The volunteers’ struc-
ture and mass were measured. For the PL measurement, the
volunteer was seated with the hip and knee joints flexed at 90
degrees and the ankle in a neutral position.

The foot was positioned on the wooden piece shaped like
the MLA. The volunteer was asked to stand upright, extend
the knee in a single-leg stance, and transfer all their body
weight onto the apparatus for 5 seconds, simulating the mid-
stance phase of gait. To avoid falls or instability, participants
were allowed light fingertip support against a wall. This
support was standardized across participants and limited to
minimal contact to reduce its influence on load distribution.
Only the dominant lower limb was assessed to standardize
testing conditions and reduce variability associated with
inter-limb differences. Although limb dominance may not
directly reflect pronation characteristics, this approach was
adopted to improve internal consistency.

Each measurement was repeated five times by two inde-
pendent evaluators, and the mean value was used for analysis.
After a seven-day interval, the same evaluators repeated the
procedure to calculate the intraclass correlation coefficient
(ICC).

Correlation with biomechanical variables
Participants

The sample size calculation for the correlation stage was
performed using G*Power software®™), based on Student’s
t-test, with statistical power set at 80%, a significance level
of 0.05, and a moderate effect size derived from a previous
study@®,
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The sample consisted of adults aged 18 to 45 years with
a body mass index (BMI) of less than 30 kg/m? and a foot
posture index (FPI) score of > +697. Exclusion criteria included
a history of fractures or surgical interventions in the lower
limbs within the last year, as well as pain or disability during
the performance of the tests®,

In total, 18 women (75%) and six men (25%) completed
the study. Table 1 presents the demographic characteristics
of the participants, indicating a mean age of 22.50 years
(SD = 4.25), a mean height of 167.22 cm (SD = 8.65), a mean
body mass of 65.36 kg (SD =10.62), and a mean BMI of 23.33
(SD = 2.76) (Table 1).

Procedures

Initially, the FPI test was performed to determine sample
inclusion. Following this, PL was collected, as previously
described. To obtain the kinetic and kinematic variables
of the ankle, knee, and hip in the coronal and transverse
planes during gait, a three-dimensional (3D) motion capture
system with nine cameras (Oqus 3+, Qualisys Medical AB,
Gothenburg, Sweden) operating at a frequency of 200 Hz was
used, synchronized with three FP 4060-08 force platforms
(Bertec, Columbus, Ohio, USA) at a frequency of 1000 Hz.

First, the cameras were positioned to cover the entire capture
area, and the system was calibrated using a calibration stick
to adjust the capture volume, scale, and coordinate origin.
Subsequently, the force platforms were configured, leveled,
and temporally synchronized with the motion capture system
to ensure synchronized data acquisition. Before each session,
the platforms were zeroed to eliminate deviations, and the
synchronization was tested to ensure data consistency. Finally,
anatomical markers were positioned on the participant’s body
so that the software could calculate biomechanical variables,
such as joint angles and ground reaction forces, enabling a
precise gait analysis.

Individual calibration involved the precise placement of
anatomical markers at specific points on the body, such
as joints and bone segments, to allow the capture system
to accurately track 3D movement. Passive markers were
attached to the lower limbs and pelvis, following the Calibrated
Anatomical Systems Technique (CAST) protocol®™®, as illus-
trated in Figure 2.

Table 1. Characteristics of the volunteers: correlation of pronation
loading with gait variables (n = 24)

Features Percentage

Sex 18 women (75%) 6 men (25%)
Age (years) 22.50 (4.25)
Height (cm) 167.22 (8.65)
Mass (kg) 65.36 (10.62)
BMI (kg/m?) 23.33(2.76)

SD = standard deviation; cm = centimeters; kg = kilograms; BMI = Body Mass Index.

First, anatomical landmarks were identified, and markers
were symmetrically placed, avoiding areas of excessive skin
movement to minimize relative motion errors. Subsequently, a
static test was performed to identify the participant’s neutral
posture, allowing the software to create a digital model of the
body structure. This model was adjusted based on individual
parameters such as joint alignment and body segment length.
Finally, five strides were collected at a self-selected speed,
while the 3D motion analysis system recorded the data.

Kinetic and kinematic data were processed and analyzed
using Visual 3D software (C-motion, Inc., Rockville, USA). The
marker trajectories and force data from the force platforms
were filtered using fourth-order Butterworth low-pass filters,
applying cutoff frequencies of 6 Hz for the marker trajectories
and 25 Hz for the force data.

Figure 2. Passive markers of the lower limb segment.

J Foot Ankle. 2026;20(1):e1995 3
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Foot contact with the ground was automatically determined
by the software, using the vertical component of the ground
reaction force, with a threshold of 20 N. For each participant,
the mean values across the five trials were used in the
analysis, and all variables were normalized to a maximum of
101 points. The angular displacement of the hindfoot, knee,
and hip was calculated in the coronal and transverse planes
of the dominant lower limb.

Based on ground reaction force data, the inverse dynamics
technique was applied to calculate the external force
moments of the ankle, knee, and hip in the coronal and
transverse planes. These moments were normalized to the
volunteers’ body mass and reported in units of Nm/kg to
ensure comparability across participants.

Data analysis

To verify inter- and intra-examiner reliability, the ICC was
applied. In addition, the standard error of measurement
(SEM) was used to assess measurement accuracy, and the
minimal detectable change (MDC) was used to determine the
smallest detectable change.

Pearson’s correlation coefficient (r) was used to assess the
relationship between the PL measurements and kinematic
and kinetic gait variables from the 3D motion analysis system.
All statistical analyses were performed with a significance
level of a = 0.05.

Results
Pronation loading reliability

In the test-retest analysis, PL demonstrated satisfactory
intra-rater reliability. The intra-rater ICC was 0.75 (95% CI:
0.60-0.84) in the first collection and 0.73 (95% Cl: 0.58-0.83)
in the second collection. The SEM was 0.04 (95% Cl: -0.004-
0.13) and 0.05 (95% CI: -0.04-0.14) on the respective days.
These data are presented in Table 2.

Regarding examiner agreement, the instrument demons-
trated good inter-rater reliability. The inter-rater ICC was 0.77
(95% Cl: 0.63-0.85), with SEM of 0.04 (95% ClI: -0.04-0.13)
on the first day, and 0.77 (95% CI. 0.65-0.86) and SEM of
0.04 (95% CI: -0.04-0.12) on the second data collection. The
variation in MDC was low®®, ranging from 0.11 to 0.13.

Table 2. Test-retest measures of pronation loading (n = 25)

Mean (SD) ICC (95%Cl)
Intra-rater 1 0.17 (0.07) 0.75 (0.60-0.84)
Intra-rater 2 0.17 (0.07) 0.73 (0.58-0.83)
Inter-rater 1 0.17 (0.07) 0.77 (0.63-0.85)
Inter-rater 2 0.17 (0.07) 0.77 (0.65-0.86)

Correlation between pronation loading measurements and
gait variables

The normalized mean PL value showed a weak positive
correlation with peak ankle evertor externalmoment (r=0.450;
p = 0.027) and peak knee internal rotation moment (r = 0.427;
p =0.037). Additionally, significant correlations were observed
with peak hip internal rotation (r = 0.586; p = 0.003), peak hip
internal rotation moment (r = 0.583; p = 0.003), and peak hip
adductor moment (r = -0.427; p = 0.039) (Table 3).

We found no correlation between PL and the variables peak
ankle eversion (r = -0.209; p = 0.326); peak ankle abduction
(r =-0.273; p = 0.196); peak ankle external adductor moment
(r = -0.035; p = 0.872); peak knee adductor moment
(r = -0.217; p = 0.309); peak hip adduction (r = -0.117)
(p = 0.586); peak hip adductor moment (r = 0.050; p = 0.818)
and peak hip external rotation moment (r = 0.137; p = 0.524).

Discussion

The aim of this study was to develop the PL device to
quantitatively assess MLA loading, evaluate its intra- and
inter-rater reliability, and investigate its association with gait
variables in individuals with pronated feet.

Pronation loading reliability

Static tests, such as the PL, navicular drift test, and navicular
drop test, can be predictive of MLA height during the mid-
stance phase of gait. These weight-bearing tests reflect
the inferior displacement of the navicular bone and MLA. In
contrast, the supination resistance test (SRT), which involves
elevating the navicular bone, can be performed either
manually or with the supination resistance test machine
(SRTM)@, This test is frequently used in clinical and research
settings to estimate the force required to supinate the foot.
All of these tests are easy to administer and low-cost, making
them practical tools for clinical use.

This study investigated the reliability of PL and found good
intra- and inter-rater reliability. The intra-rater ICCs were 0.75
and 0.73, and the inter-rater ICCs were 0.77 on both data
collection days. Similar data were reported by Kirmizi et
al.®» who reported intra-rater ICC values of 0.93 and 0.97 for
the navicular drop test, 0.72 and 0.85 for the navicular drift
test, and 0.85 and 0.87 for the static and dynamic arc index,

SEM (95%Cl)
0.04 (-0.04-013)
0.05 (-0.04-0.14)
0.04 (-0.04-013)
0.04 (-0.04-012)

MDC (95%ClI)
0.12 (0.00-0.48)
0.13 (0.01-0.51)
0.12 (0.00-0.49)
0.1 (0.00-0.45)

Mean: refers to the combined mean values of days 1and 2 for intra-rater or the combined mean values of examiners 1and 2 for inter-rater (kgf). SD: Standard Deviation. 95% Cl: 95% confidence interval
ICC: Intraclass Correlation Coefficient. SEM: Standard Error of Measurement. MDC: Minimal Detectable Change in the 95% CI. Intra-rater: measurements for the same examiner on two different days.

Inter-rater: measurements for two different examiners on the same day.
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Table 3. Pearson correlation of the normalized mean of pronation
loading with biomechanical gait variables. (n = 24)

I . Normalized mean
Gait variables Pearson correlation ] -
pronation loading
Ankle eversion peak Pearson correlation -0.209
sign (2 limbs) 0.326
Peak external moment Pearson correlation 0.450*
of ankle evertor sign (2 limbs) 0.027
Peak ankle abduction* Pearson correlation -0.273
sign (2 limbs) 0.196
Peak external moment Pearson correlation -0.035
of ankle abductor* sign (2 limbs) 0.872
Knee adductor peak Pearson correlation -0.217
sign (2 limbs) 0.309
Peak moment of Pearson correlation 0.427*
Ln::;nal rotation of the sign (2 limbs) 0.037
Peak hip adduction Pearson correlation -0n7
sign (2 limbs) 0.586
Peak hip adductor Pearson correlation 0.050
SRR sign (2 limbs) 0818
Peak hip adductor Pearson correlation -0.425*
moment sign (2 limbs) 0.039
Peak internal rotation Pearson correlation 0.586**
of the hip sign (2 limbs) 0.003
Peak moment of Pearson correlation 0.137
external hip rotation sign (2 limbs) 0.524
Peak moment of Pearson correlation 0.583**

internal hip rotation sign (2 limbs) 0.003

**The correlation is significant at 0.01 level (2 extremes). *The correlation is significant at 0.05
level (2 extremes).

respectively. Furthermore, the SRTM showed an intra-rater
ICC of 0.89 and an inter-rater ICC of 0.78?",

Although the same individual may exhibit high intra-subject
variability in repeated measurements®®, in this study, the SEM
ranged from 0.04 to 0.05, while the MDC ranged from 0.1
to 0.13. These results indicate low variation across repeated
measurements, suggesting that PL is a reliable method for
assessing forces related to foot pronation. In comparison,
the SRT presented SEM values ranging from 7.3 to 9.0 and
MDC values between 20.4 and 24.9?%, demonstrating greater
measurement variability.

Correlation of pronation loading with 3D gait analysis

In our sample of individuals with flat feet, PL was positively
correlated with peak ankle evertor external moment (r =
0.480), peak knee internal rotation moment (r = 0.427),
peak hip internal rotation (r = 0.586), and peak hip internal
rotation moment (r = 0.583). A negative correlation was also
identified with the peak hip adductor moment (r = -0.427).

The positive correlation between PL and peak ankle
evertor moment suggests that increased foot pronation

is associated with greater lowering of the MLA, resulting
in overload on structures responsible for ankle eversion.
Previous studies indicate that increased rearfoot eversion
during gait is characteristic of individuals with flat feet@2®
and is associated with reduced MLA height®”, Changes in the
elastic behavior of the plantar fascia may contribute to gait
abnormalities in these individuals®® because increased MLA
flexibility reduces the foot’s ability to function as a rigid lever
during push-off. This change results in reduced support for
the gastrocnemius and soleus muscles, compromising gait
effectiveness®@®.

Excessive hindfoot pronation also influences internal tibial
rotation, causing passive stress and altering the direction of
forces on the patellofemoral joint®. A positive correlation
was observed between PL and peak internal knee rotation,
suggesting greater compression in medial knee structures
and a higher propensity for patellofemoral pain syndrome.
One proposed mechanism is that excessive foot pronation
leads to internal rotation of the tibia and femur, resulting
in a reduced contact area at the patellofemoral jointG®,
Excessive subtalar pronation has historically been identified
as a dysfunctional biomechanical factor in the lower limbs,
leading to adaptations in other joints®P. Although conflicting
evidence exists regarding the relationship between patello-
femoral pain syndrome and ankle and foot deformities, such
biomechanical changes must be carefully analyzed®©?,

Finally, the coupled movement between the hindfoot and
hip joints has already been reported in a previous study®®.
In the present study, we identified a positive correlation
between PL and peak internal hip rotation, and a negative
correlation with peak hip adductor moment. Reduced hip
adductor torque, together with increased hip and knee
internal rotation®®, reinforces the association between foot
pronation and proximal rotational mechanics during walking.
During the stance phase, increased hip adduction can be
a strategy to elevate the MLA by shifting the load to the
lateral side of the foot, thereby reducing the compressive
force on the MLA®®. The hip internal rotation moment
demonstrated a biphasic pattern during the stance phase,
with a first peak in early stance and a second peak in late
stance. This pattern is consistent with previously reported
normative gait data®®,

This study had several limitations. The PL showed substantial
variation over the 5-second recording period, suggesting that
a longer time may be needed for dynamometer stabilization.
In addition, the potential influence of external support on
weight transfer during testing cannot be entirely ruled out.
Another important limitation is that the wooden support
arch may not fully adapt to different foot morphologies and
sizes, potentially influencing the measured load and affecting
construct validity. Future designs should consider adjustable
or customizable interfaces to improve anatomical conformity.
Finally, the sample included a greater proportion of women
than men. Despite these limitations, the device appears to be
a reliable, low-cost, and easy-to-use tool with potential for
clinical application.

J Foot Ankle. 2026;20(1):e1995 5
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Case Report

Infected talar malunion treated with
fresh tibiotalar allograft: A case report
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Abstract

Talus fractures are rare injuries, with an incidence ranging from 0.1% to 0.85% of all fractures. Due to their complex anatomy and specific
irrigation patterns, they pose a significant therapeutic challenge for orthopedic surgeons. The talus lacks muscle attachments, receives
most of its irrigation through small terminal branches, and bears much of the hindfoot’s loads, making it especially vulnerable to
avascular necrosis, malunion, and other complications. We present a patient managed with a fresh tibiotalar autograft, with favorable

short- and long-term outcomes.

Level of evidence: IV.

Keywords: Talus; Avascular necrosis; Allograft; Reconstruction; Malunion.

Introduction

Talus fractures are rare injuries, accounting for less than 1% of
skeletal fractures. They are most often seen in young patients,
predominantly men, after high-energy trauma mechanisms,
such as traffic accidents or falls from heights®. The particular
anatomical talus configuration, which articulates with the
tibia, fibula, calcaneus, and scaphoid, together with its ex-
tensive cartilaginous coverage and the scarcity of muscle
insertions, contributes to its delicate vascular supply®.

The Hawkins classification, established in 1970, remains the
reference for assessing vascular compromise. This author
described four grades: type | (non-displaced fracture), type
Il (associated with subtalar joint subluxation), type Il (dis-
placed fracture with tibiofibular dislocation), and type IV
(additional talonavicular joint dislocation)®. As the degree
of displacement increases, the risk of avascular necrosis rises,
reaching up to 90% in type 1@,

Complications following these fractures are common and
include avascular necrosis, pseudoarthrosis, malunion, post-
traumaticosteoarthritis,andvarusorvalgusdeformities®. Talus

Study performed at Pontificia Universidad Javeriana, Bogota, Colombia.

avascular necrosis is the most feared, as it can trigger bone
collapse and secondary osteoarthritis. Malunion, by contrast,
is associated with alterations in joint congruence, progressive
deformities, and significant functional deterioration. Its ma-
nagement involves complex reconstructive procedures aimed
at restoring joint congruence and limb functionality®.

Case presentation

A 23-year-old male patient with no significant pathological
history, with a recent history of motorcycle vs. car traffic
accident, as a motorcycle driver on 12/30/2022, with multiple
fractures in the left lower limb; he presented a luxo-open
fracture of the left talus, Hawkins classification type Ill, and
an open fracture of the medial and lateral malleolus, Weber
classification B. Upon admission, he presented with an analog
pain scale (VAS) pain 10/10 with inability to walk due to pain
in the left ankle region in bilateral malleoli associated with
perimaleolar edema and functional limitation, inability to
plantarflexion and dorsiflexion of the foot due to pain, and
purulent secretion.
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Management included open reduction and internal fixation
of the tibia and left distal fibula, and repair of the deltoid
ligament, performed on 01/10/2023 (Figure 1). This showed
partial improvement in pain and secondary stability of the
fracture focus.

The patient presented for postoperative follow-up with
clinical suspicion of infected talar malunion (pain, local warmth,
erythema, edema). Therefore, irrigation and debridement of
the left ankle and removal of the osteosynthesis material
placed on 02/28/2023 were indicated due to malunion of
presumed infectious origin (Figure 2).

Subsequently, definitive treatment of the infected talar ma-
lunion was attempted; however, based on intraoperative fin-
dings, partial talectomy was performed due to varus collapse,
infection, and necrosis of the talar body and neck. An antibiotic-
impregnated cement spacer was temporarily placed.

Definitive management was performed with a fresh ti-
biotalar allograft, with evidence of infection control and con-
comitant ankle ligament reconstruction. Intraoperatively, a
substantial defect was identified in the anterior, medial, and
distal tibia; therefore, despite ligament reconstruction, the
patient was left with residual varus ankle alignment (Figure 3).
The patient was able to ambulate despite these findings.

During outpatient follow-up, the patient reported sig-
nificant ankle pain associated with ankle osteoarthritis
and varus ankle alignment. Therefore, ankle arthrodesis
was performed, with intraoperative confirmation that the
subtalar joint was healthy, well aligned, and stable. He

currently demonstrates a solid fusion, without residual ankle
malalignment, and a painless, stable subtalar joint without
osteoarthritis (Figure 4).

Discussion

Talus fractures, although uncommon, are associated
with high morbidity and a substantial risk of functional
impairment. The talar blood supply relies on a complex
anastomotic network derived mainly from branches of the
posterior and anterior tibial and peroneal arteries. Disruption
of this vascular inflow—particularly in displaced or dislocated
fracture patterns—may result in avascular necrosis (AVN), with
incidence increasing in proportion to fracture displacement
as described by the Hawkins classification®.

The Hawkins sign remains a useful radiographic marker
during follow-up to infer talar viability: subchondral resorption
is consistent with revascularization, whereas its absence is
associated with a higher risk of AVN. When the sign is absent,
magnetic resonance imaging is valuable for assessing talar
perfusion and guiding timely management decisions®.

Malunion may occur after inadequate reduction, commi-
nution, or ineffective management of open injuries. Varus
deformity is the most common pattern and is associated
with altered joint mechanics, soft-tissue contracture, and
early development of tibiotalar and subtalar osteoarthritis®.
Reconstructive strategies should prioritize the restoration of
limb length, axial alignment, and joint congruence®>®,

Figura 1. Postoperative radiographs of open reduction and internal fixation of the left tibia and distal fibula.
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Fresh total tibiotalar allograft has emerged as a therapeutic
option for extensive talar bone loss®. A key advantage is
the ability to replace the affected segment while preserving
hindfoot alignment and height, potentially avoiding the
marked shortening and rigidity that may accompany iso-
lated arthrodesis. Fresh allografts may better preserve bio-
mechanical and structural properties, thereby supporting
incorporation and osseointegration®.

In the present case, the allograft facilitated infection control,
anatomic restoration, and limb preservation. Nevertheless,
progression to post-traumatic osteoarthritis ultimately re-
quired tibiotalar arthrodesis, which remains the reference
standard for pain relief and stabilization in advanced dege-
nerative disease. Fixation with a locking anatomic plate pro-
vides rigid stability, promotes uniform load sharing, and has
been associated with nonunion rates below 10%.

Figure 3. Fresh tibiotalar allograft of the left ankle.
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Figure 4. Radiograph after tibiotalar arthrodesis with fresh tibiotalar allograft of the left ankle.

The anterior approach used in this case provides adequate
exposure of the talus and ankle joint, enabling correction
of alignment and achievement of interfragmentary com-
pression. Recent studies suggest that locking anatomic
plates can improve construct stability and may reduce
complications in patients with osteopenic bone or relevant
metabolic comorbidities”®,

Successful outcomes depend on appropriate patient
selection, complete eradication of infection, sufficient me-
chanical stability, and structured rehabilitation. Factors asso-
ciated with impaired fusion include smoking, diabetes mellitus,
obesity, and prolonged corticosteroid use®. Optimization of
metabolic status and smoking cessation before reconstruc-
tive procedures is therefore recommended®'®,

Functional prognosis after complex talar reconstruction
is variable. Although ankle motion is typically reduced,
preservation of limb length and stability may allow near-
normal gait and improved quality of life®™. Long-term
clinical and radiographic follow-up is essential to identify
late complications, including graft resorption and secondary
osteoarthritis®©?,

This case highlights the importance of multidisciplinary
management for complex talar fractures, in which surgical
decision-making must balance eradication of infection
with anatomic restoration and functional preservation.
Fresh allograft reconstruction is a valuable option in the re-
constructive armamentarium, particularly in younger pa-

4 J Foot Ankle. 2026;20(1):e1955

tients, in whom limb salvage and restoration of ambulation
are prioritized®1”,

Conclusions

Talus fractures remain a therapeutic challenge because of
their high complication rates, with avascular necrosis and
malunion being among the most frequent and functionally
consequential. Optimal management requires a detailed
understanding of hindfoot anatomy, vascular supply, and
biomechanics. In the setting of infection with associated
bone loss, a fresh total tibiotalar allograft can serve as an
effective option for structural reconstruction.

This case demonstrates that infection control, anatomic
restoration, and limb preservation can be achieved using
advanced reconstructive techniques. When post-trauma-
tic degeneration or residual deformity persists, tibiotalar
arthrodesis remains a reliable adjunct to restore stability
and relieve pain. Appropriate patient selection, meticulous
surgical planning, confirmation of infection eradication, and
structured rehabilitation are key determinants of success.

In young, active patients, limb-salvage strategies such
as fresh total tibiotalar allografts may maintain limb length
and help avoid amputation, offering a feasible alternative
in complex scenarios involving infection and extensive talar
bone loss. Although technically demanding, this approach is
a valid option in the comprehensive management of complex
talar fractures.
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Hallux rigidus secondary to pigmented villonodular
synovitis of the metatarso-phalangeal joint of the
hallux: case report
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Abstract

Pigmented villonodular synovitis (PVNS) is a rare, benign proliferative synovial disease that can affect the hallux metatarsophalangeal
joint and manifest as secondary hallux rigidus. Clinical suspicion sometimes occurs only intraoperatively, when a synovium with
blackened foci of hemosiderin deposits is found. We present a rare case of PVNS in the hallux metatarsophalangeal joint, treated
surgically with synovectomy and cheilectomy.

Level of Evidence V; Diagnostic Studies; Expert Opinion

Keywords: Synovitis, pigmented vilonodular; Hallux rigidus; Metatarsophalangeal joint; Synovectomy

Introduction vectomy, is widely indicated in the early stages to decom-

. . ) . . press the joint and increase range of motion®,
The etiology of hallux rigidus is multifactorial. It can

result from primary causes related to idiopathic cartilage
degeneration or secondary causes, such as trauma, infection,
biomechanical deformities, rheumatoid arthritis, and gout .

The report in question shows a rare case of hallux rigidus
secondary to PVNS surgically treated with synovectomy and
cheilectomy.

Pigmented villonodular synovitis, also called tenosynovial
giant cell tumor (TGCT), is a benign proliferative synovial
disease of clonal neoplastic origin, not merely inflammatory.
Genetic studies demonstrate that most cases have t (1;2)
(p13; q37) chromosomal translocation, resulting in CSF7 gene
overexpression in a small subgroup of neoplastic cells. This
overexpression recruits macrophages and non-neoplastic
inflammatory cells, which together constitute most of the
tumor volume. Histologically, TGCT is classified into two

Initial treatment of hallux rigidus is conservative; however,  main forms: localized, also called giant cell tumor of tendon
in cases refractory to clinical therapies, such as orthoses, sheath (GCTTS), and diffuse, corresponding to the classic
infiltrations, and anti-inflammatory agents, surgical pro- form of PVNS, which involves extensive synovial areas and
cedures may be indicated. Cheilectomy, with or without syno- can infiltrate adjacent tissues®.

Among the rare causes of hallux rigidus is pigmented
villonodular synovitis (PVNS). It is a benign proliferative
synovial disease with local destructive potential, more
common in large joints such as the knee, but it can also occur
in the foot and ankle, including the hallux®. Recognition of
this etiology is essential because, although less common, it
can present with the diffuse form, affecting other joints, as
well as malignant transformation®.

Study performed at the Faculdade de Medicina da Universidade Federal de Al-
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Case Report

This is a 58-year-old male patient, a bank clerk, hyper-
tensive, who in January 2025 started experiencing pain and
discomfort in the left hallux. On the visual analog scale of
pain, the patient rated it 7 out of 10. There was no history
of previous trauma or incidents. According to him, pain
intensified when walking, when standing upright, and also
when manual pressure was applied to the back of the
hallux. He noted a discrete nodule in the dorsal aspect of
the hallux, which often manifested as phlogosis at the site.
The patient received clinical treatment from other specialists
during this period, including physiotherapeutic measures,
immobilization, non-hormonal anti-inflammatory drugs, and
corticosteroid infiltrations, without improvement.

On clinical examination, without deformities in the loaded
feet, there was an antalgic gait pattern. On inspection, edema
was observed in the topography of the dorsal region of the
hallux metatarsophalangeal joint. On palpation, there was a
hardened dorsal nodulation of the metatarsal head, in addition
to pain in the medial, dorsal, and lateral articular aspects.
Regarding mobility, there was a 10-degree restriction in ma-
ximum hallux extension compared with the right side, with
pain accentuation on forced extension. Normal neurovascular
examination.

The patient underwent magnetic resonance imaging, which
demonstrated synovitis of the hallux metatarsophalangeal
joint, as well as a dorsal osteophyte of the metatarsal head
and proximal phalanx (Figure 1).

Figure 1. T2-weighted coronal and sagittal cuts from magnetic

resonance imaging showing signs of early hallux rigidus.

2 J Foot Ankle. 2026;20(1):e1960

Given the diagnosis of mild left hallux rigidus refractory to
conservative treatment, surgical treatment with synovectomy
and cheilectomy was proposed.

In August 2025, the patient underwent surgical treatment
of the hallux rigidus. Intraoperatively, when performing the
longitudinal capsulotomy of the hallux metatarsophalangeal
joint, synovitis of unusual appearance was evidenced, with
foci of blackened pigmentations, analogous to hemosiderin
visible in villonodular synovitis (Figure 2). As planned, cheilec-
tomy and extensive synovectomy were performed, sending
the synovial material for anatomopathological examination
(Figure 3). In the postoperative period, barouk sandals were
used, with the protective support released immediately.

At one week postoperatively, the patient reported improved
pain symptoms and satisfaction with the reduction in hy-
persensitivity. Three weeks later, the patient presented the
anatomopathological result, which, on macroscopy, described
four irregular fragments of soft consistency and brown color,
the largest measuring 1.0 x 0.5 cm and the smallest 0.3 x 0.2cm.
On microscopy, fragments of synovial membrane form villous
projections and irregular glandular invaginations, composed
of two to three layers of eosinophilic cytoplasm cells and
vesicular nuclei, without nuclear atypia or mitotic figures,
typical of PVNS (Figure 4). Over two months of follow-up, the
patient showed significant improvement in symptoms, with
no significant pain or functional complaints, reporting a score
of 1/10 on the visual analog scale for pain.

Discussion

Pain in the hallux metatarsophalangeal joint is a frequent
complaint in adults and may result from conditions such as

Figure 2. Intraoperative image showing synovitis with blackened
hot spots.
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primary hallux rigidus, hallux valgus, sesamoiditis, gouty
arthritis, rheumatoid arthritis, osteonecrosis, stress fractures,
or proliferative synovitis. The clinical similarity between
proliferative synovitis makes etiological diagnosis difficult,
especially when PVNS presents a localized lesion, with a mild
synovial mass and nonspecific imaging findings®

Figure 3. Collected synovial material sent for pathological exa-
mination.

Figure 4. Histological aspect of pigmented villonodular synovitis

of the hallux metatarsophalangeal joint.

Secondary hallux rigidus represents a diagnostic challenge.
The literature highlights the need for advanced imaging,
especially magnetic resonance imaging, but it does not always
enable the identification of atypical synovitis, pigmented
lesions, and bone erosions compatible with PVNS®, In the
report in question, magnetic resonance imaging did not
demonstrate any typical alterations of PVNS; however,
blackened synovitis was observed intraoperatively, raising
suspicion of PVNS, which was confirmed histologically.

Localized PVNS occurs most often in small joints of the
hands and feet, whereas the diffuse form is more common in
large joints such as the knee and ankle. Both variants share
the same molecular profile but differ in synovial extension
and recurrence rate, which can exceed 40% in diffuse forms®.

Surgical treatment of hallux rigidus secondary to PVNS
aims to restore joint movement and relieve pain. In mild and
moderate stages, cheilectomy associated with synovectomy
brings good results®, as in this case, where pain relief and
functional improvement were achieved while preserving the
joint. These results are consistent with the findings of Siegel
et al. ® who, in a systematic review of PVNS of the foot and
ankle, demonstrated that lower recurrence rates are achieved
after complete resection.

Nabeshima et al. ® it is the only study in the literature that
describes diffuse PVNS of the hallux metatarsophalangeal
joint, corroborating the rarity of this location. As shown in
this report, surgical treatment resulted in significant pain
reduction and functional preservation, supporting the vali-
dity of a conservative surgical approach to the joint when
degeneration is not advanced.

Scheele et al. @ reported recurrence in 34 cases of PVNS
of the foot and ankle: 26.7% in localized forms and 50% in
diffuse forms, underscoring the importance of confirmatory
pathological examination and the need for prolonged
follow-up. In the present case, the histopathological exa-
mination revealed a thickened synovial membrane with
villous projections and irregular invaginations, composed
of mononuclear cells with eosinophilic cytoplasm and
vesicular nuclei, without atypia or mitotic figures—findings
consistent with localized PVNS. Hemosiderin deposits and
multinucleated giant cells were observed. These findings are
consistent with those reported by Nabeshima et al.® and
Guo et al.®®, which showed similar patterns in ankle and foot
injuries. In contrast, Chen et al.?® and Staals et al.“" reported
aggressive or malignant forms, present nuclear atypia, marked
mitotic activity, and tumor necrosis, changes not found in our
case, confirming the benign behavior of the lesion.

Pigmented villonodular synovitis, although rare, should be
considered as an etiological possibility in hallux rigidus. The
suspicion sometimes occurs only intraoperatively, conside-
ring the characteristic blackish synovium. Despite the usually
benign behavior, clinical follow-up is recommended due to
the risk, albeit small, of recurrence and eventual malignancy.
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Case Report

Os supranaviculare contributing to
anterior ankle impingement: a case report
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Abstract

, Inés Genrinho'

, Sofia Meixedo'>,

The os supranaviculare is a rare accessory ossicle of the midfoot, typically considered asymptomatic. We report a case of chronic
dorsal midfoot and anterior ankle pain in which the os supranaviculare likely contributed to an anterior ankle impingement mechanism
with associated tibiotalar synovitis and extensor hallucis longus tenosynovitis. Dynamic ultrasound was essential in demonstrating
mechanical interaction during dorsiflexion and in guiding targeted treatment. This case suggests that the os supranaviculare may play
a clinically relevant role within the spectrum of anterior ankle impingement and should be considered in the differential diagnosis of

chronic dorsal midfoot pain.
Level of Evidence IV; Case report.

Keywords: Tenosynovitis; Bone diseases; Fractures, Stress.

Introduction

The os supranaviculare, also known as Pirie’s bone, is one of
the many reported midfoot anatomical variants®. It presents
with an estimated 1%-3,5%® and typically does not cause any
symptoms®, although it is reported that, in rare instances,
it can cause midfoot pain and be associated with stress
fractures®>.

Despite these reports, the biomechanical mechanisms
by which the os supranaviculare may contribute to pain
remain incompletely understood, particularly regarding its
interactions with adjacent soft tissues and the anterior ankle
joint during motion. We present a case of chronic dorsal
midfoot and ankle pain in which dynamic ultrasound eva-
luation supported a multifactorial mechanism involving
anterior ankle impingement, tibiotalar synovitis, and exten-
sor hallucis longus (EHL) tenosynovitis, with the os supra-
naviculare acting as a contributing anatomical factor.

Case description

A 59-year-old man presented with dorsal foot pain located
to the anterior aspect of the tibiotarsal joint (TTJ) and midfoot.

Study performed at the Centro de Reabilitacdo do Norte, Porto, Portugal.

The pain had been progressively worsening for 2 years, with
a mechanical pattern and exacerbation during maximal
dorsiflexion. At the time of observation, the patient rated
the pain at 4/10 on the Visual Numerical Scale (VNS). The
patient denied any history of falls, trauma, strains, excessive
exercise, or work or safety boots. Objectively, palpation of
the superior aspect of the TTJ and navicular was painful, with
no inflammatory signs.

Point-of-care ultrasound (US) was performed using a high-
frequency linear probe with the patient in the prone position,
with the knee flexed, the ankle in plantar flexion, and the foot
resting on the examination table, thereby allowing optimal
visualization of the TTJ and dorsal midfoot structures. This
revealed TTJ effusion, lateral mediotarsal synovial effusion,
and a small quantity of liquid in the EHL tendon sheath.
The patient underwent a US-guided TTJ corticosteroid
infiltration, with no improvement after two months, then a
US-guided hyaluronic acid infiltration was performed. A
year later, pain was controlled (VNS 1/10), with occasional
episodes of discomfort. The patient was submitted to yearly
TTJ hyaluronic acid infiltrations for the next three years,
reporting to be asymptomatic for 6-8 months following each
infiltration, with recurrence of pain after that period.
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Five years after the initial presentation of symptoms, the
case was reviewed. The radiological studies initially per-
formed (ankle and foot radiography and magnetic resonance
imaging (MRI) shown in Figures 1-3) demonstrated no TTJ
degeneration, a dorsal osteophyte on the talar neck, and an
0s supranaviculare, suggesting a potential site of mechanical
conflict with surrounding structures. An ultrasound scan
was repeated, demonstrating accumulation of fluid in the
EHL tendon sheath, with thickening of the synovial sheath
(primarily adjacent to the os supranaviculare) and dynamic
friction between these structures. Dynamic maneuvers, inclu-
ding active and passive ankle dorsiflexion and hallux fle-
xion-extension, were performed, demonstrating mechanical
interaction between the EHLtendon sheath and the os supra-
naviculare.

The patient underwent US-guided infiltration of the EHL
tendon sheath adjacent to the os supranaviculare with 40 mg
of methylprednisolone. Fifteen months after the procedure,
the patient reported an 80% subjective improvement and
no need for further procedures. A ten-month follow-up MRI
(Figures 4-6) confirmed an os supranaviculare and showed
no signs of EHL tenosynovitis.

Discussion

Most accessory ossicles of the foot are infrequent or
rare, including the os supranaviculare®. This ossicle can be
mistaken for an avulsion fracture of the talonavicular joint®,
but the patient denied any history of significant trauma or
acute onset of pain and swelling in the region, making this
hypothesis very unlikely.

Figure 1. Ankle and foot radiograph (side view) showing acces-
sory ossicle (os supranaviculare) and absence of degenerative
changes of the tibiotarsal joint.

2 J Foot Ankle. 2026;20(1):e1957

Figure 2. Initial presentation magnetic resonance imaging (densi-
ty proton sagittal view) showing os supranaviculare and absence
of degenerative changes of the tibiotarsal joint.

Figure 3. Initial presentation magnetic resonance imaging RI (T2
transverse view) showing subtle thickening of the extensor hallucis
longus tendon.
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Considering the symptoms and the initial US findings
(mainly the TTJ effusion), the most likely hypothesis was
ankle osteoarthritis, which is relatively common, and it

Figure 4. Five-year follow-up magnetic resonance imaging (T1
coronal view) showing os supranaviculare.

Figure 5. Five-year follow-up magnetic resonance imaging (den-

sity proton sagittal view) showing os supranaviculare and bone
oedema of the tarsometatarsal joint.

could partially explain the pain®. The good response to
hyaluronic acid can also point to this diagnosis, but the
absence of radiographic findings of degeneration of the TTJ
point to early-stage osteoarthritis (if present). Importantly,
the recurrent pattern of symptoms despite repeated intra-
articular interventions raised the possibility of a concomitant
extra-articular pain generator.

The hypothesis of midtarsal or tarsometatarsal osteoarthritis
was also considered, based on US findings of synovial effusion
in the region and MRI evidence of bone oedema; however,
these findings were inconsistent with the clinical history and
physical examination, making this diagnosis less likely.

Given the location of the pain, pathologies of the navicular
bone should also be considered and excluded. In particular,
Mduller-Weiss syndrome, which represents an osteonecrosis-
like process of the navicular bone, typically presents with
midfoot pain, often associated with deformity and collapse
of the longitudinal arch™. In this patient, there was no history
of trauma, no physical exam findings compatible with this
diagnosis, and the imaging studies showed no navicular
abnormalities. Another important differential diagnosis is
a navicular stress fracture, an overuse injury generally seen
in the context of repetitive loading of the foot, such as in

Figure 6. Five-year follow-up magnetic resonance imaging (T2
transverse view) showing no thickening or fluid accumulation of
the extensor hallucis longus tendon.

J Foot Ankle. 2026;20(1):e1957 3
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athletes, which manifests with pain exacerbated by weight-
bearing and localized tenderness over the navicular bone®.
However, in this patient, both the epidemiological context
(occupational and sports history) and the MRI findings
(absence of navicular bone oedema) make this hypothesis
unlikely.

The symptoms and anatomical region also raise the
possibility of compression beneath the inferior extensor
retinaculum (anterior tarsal tunnel syndrome). However,
the absence of radiating pain typical of the deep peroneal
nerve distribution (between first and second toes), absence
of neuropathic complaints (paresthesia, burning pain) or
motor deficits, together with imaging findings that localized
inflammation to the EHL tendon sheath rather than to neural
structures, made retinacular entrapment less likely in this
case.

After reassessment and repeat US scan, the findings were
consistent with EHL tenosynovitis, with sheath thickening
and fluid accumulation most evident adjacent to the os
supranaviculare. In addition, radiographic review revealed a
dorsal prominence of the talar neck, consistent with a dorsal
osteophyte, which may contribute to anterior impingement.
Taken together, these findings support a broader hypothesis
in which the os supranaviculare participates in an anterior
ankle impingement complex, potentially promoting repetitive
conflict during dorsiflexion, intra-articular synovitis, and
secondary irritation of adjacent soft tissues, including the
EHL tendon sheath.

We opted to treat the patient with a corticosteroid
infiltration into the EHL tendon sheath due to the US
finding of fluid accumulation in the region in contact with
the os supranaviculare (without any structural involvement
of the tendon), making the procedure safe. We expected
this treatment to reduce fluid accumulation by controlling
the inflammatory process and, secondarily, by potentially

decreasing local mechanical irritation. The patient’s sustained
improvement supports the presence of an inflammatory
component at this site. Nevertheless, the patient’s prior
response to intra-articular procedures suggests that intra-
articular synovitis and/or early osteoarthritis may have
also contributed to symptoms. Therefore, clinical evolution
supports a multifactorial mechanism, namely anterior
impingement-related conflict with TTJ synovitis and EHL
tenosynovitis, where the os supranaviculare likely plays an
important role in this patient.

Based on the findings and proposed pathophysiology, we
can argue that the corticosteroid infiltration can be repeated
in the future if symptoms reoccur. Surgical intervention can
also be considered if symptoms are persistent or refractory,
removing the accessory ossicle and eliminating this likely
contributing factor of the tenosynovitis.

To our knowledge, this is the first report using dynamic US to
support a soft tissue mechanism (anterior impingement with
secondary TTJ synovitis and EHL tenosynovitis) to explain a
symptomatic os supranaviculare, whereas prior reports have
primarily emphasized its association with navicular stress
injury in athletic populations®'®,

The os supranaviculare is a rare anatomical variant that is
usually asymptomatic; however, it may contribute to dorsal
midfoot and ankle pain as part of a broader spectrum
of anterior ankle impingement. This case illustrates that
the ossicle can participate in a multifactorial mechanism
involving anterior impingement-related conflict. Dynamic
ultrasound proved particularly valuable in identifying soft-
tissue involvement and mechanical interaction during mo-
tion, supporting both diagnostic clarification and targe-
ted treatment. The os supranaviculare should therefore be
considered in the differential diagnosis of chronic dorsal
midfoot or anterior ankle pain when more common causes
have been excluded.
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Abstract

Cholesterol granuloma (CG) is a rare chronic inflammatory lesion that typically affects the temporal bone. Involvement of the
appendicular skeleton is extremely rare, with only a limited number of cases described in the literature. We report a unique case of CG
occurring in the calcaneus. We present a 23-year-old female amateur athlete with a 6-month history of pain and swelling of the left
calcaneus following physical activity. Imaging indicated a large calcaneal cyst, and the patient underwent curettage and bone grafting.
The histopathological examination revealed CG, making this the first reported case involving the calcaneus. This case highlights the
need to include this rare disease in the differential diagnosis of cystic bone lesions.

Level of evidence IV; Case series; Therapeutic studies - investigating the results of treatment.

Keywords: Calcaneus; Cysts; Rare diseases; Granuloma.

Introduction

Calcaneal bone cysts are usually identified as incidental
radiologic findings and rarely require surgical intervention®.
Cholesterol granulomas (CG), although known as usual
lesions of the petrous part of the temporal bone, have also
been reported in the femur, the radius, and the humerus®®,
We report a unique case of CG in the calcaneus along with a
review of this rare pathology.

Case description

A 23-year-old female amateur athlete presented with a
6-month history of pain and discomfort in her left calcaneus
during sports activities. A lateral radiograph of the calcaneus
revealed a well-defined cystic lesion within the calcaneal
body, with benign radiographic features and a size greater
than that typically seen in simple bone cysts (Figure 1).

Computed tomography (CT) imaging revealed a large
fluid-filled cystic lesion (46 x 29 x 22 mm) with sclerotic
yet thin cortical margins (Figure 2). Magnetic resonance
imaging (MRI) with gadolinium contrast demonstrated
minimal peripheral enhancement and absence of fatty
tissue, findings consistent with a benign lesion (Figure 3). To
prevent a pathological fracture of the calcaneus, the patient
was scheduled for surgery with a provisional diagnosis of
an atypical aneurysmal bone cyst based on lesion size and
expansile morphology. A standard lateral approach to the
calcaneus was performed, and a cortical window of 20 x 20
mm was elevated and attached to the soft tissue flap (Figure
4). Following evacuation of chocolate-brown fluid from
the cyst, a yellow-grey soft-tissue mass measuring 20 x 10
mm was identified, loosely attached to the cavity wall, and
was sent for microbiological culture and histopathological
examination. The cyst cavity was initially treated with
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curettage and alcohol application and then filled with a
mixture of packed autologous iliac crest bone and allograft
bone. The cortical window was repositioned by suturing the
full-thickness skin flap. Histopathological analysis identified
the lesion as a CG (Figure 5). The patient’s postoperative
recovery was unremarkable, and she ambulated non-weight-
bearing in a cast for six weeks, after which she progressed to
a walking boot for another six weeks. At 12 weeks, the grafted

Figure 1. Lateral radiograph of the calcaneus demonstrating a
well-defined cystic lesion within the body of the calcaneus.

area had healed sufficiently, both radiologically and clinically,
to allow activities of daily living and initiation of physiotherapy
for subtalar motion. A full return to sports was possible at six
months, accompanied by notable radiological improvement
(Figures 6 and 7). The study was approved by the Ethics
and Research Commission of the Institution, and informed
consent was obtained from the patient for publication of this
case report and accompanying images.

Figure 3. A magnetic resonance imaging with gadolinium con-
trast showing minimal marginal uptake and no fat tissue.

Figure 2. A computed tomography scan revealing a large fluid-filled
cystic lesion (46x29x22mm) with a sclerotic but thin cortical margin.

2 J Foot Ankle. 2026;20(1):e1948

Figure 4. Image taken during the surgery that depicts the cavity
after the cyst curettage and alcohol irrigation.
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Discussion

Cholesterol granulomas are benign, expansile cystic
lesions characterized by chocolate-brown fluid content and
a surrounding granulation tissue reaction to cholesterol
crystals®. Initially described by Manasse in 1894, the

nomenclature of these lesions has evolved to use the term
“cholesterol granuloma,” although alternative labels such as
cholesteatoma and xanthomatosis have also been used®.
granuloma

Cholesterol is more common in males, and

[ <
Figure 5. Histological image stained with hematoxylin and eosin
showing numerous needle-shaped cholesterol clefts surrounded
by inflammatory cells and bone pieces.

although predominantly associated with the mastoid process,
middle ear, and the temporal bone, it has also been reported
in various locations, including the central nervous system, the
orbital cavity, the paranasal sinuses, the thyroid gland, the
mediastinum, the ovaries, the peritoneum, and the breast®®,
Macroscopically, the lesion presents as yellowish-brown,
soft, or sandy-textured, well-demarcated masses, in which
vascular structures are frequently observed®®. The hallmark
histological finding is cholesterol crystals encased within
fibrous granulation tissue and surrounded by foreign-body
multinucleated giant cells®”. Immunohistochemistry has
demonstrated increased expression of angiogenic markers,
such as VEGF and CD34, reflecting active vascular proli-
feration within these lesions®. There is no clear correlation
between CG and elevated serum cholesterol levels®®. The
pathogenesis of CG remains poorly understood, with various
hypotheses proposed®®, The obstruction vacuum theory
attributes lesion formation to negative-pressure-induced
hemorrhage following impaired ventilation®. Alternatively,
the exposed marrow theory suggests that trauma releases
marrow lipids, initiating cholesterol crystal accumulation and a
granulomatous immune response, which may be perpetuated
by neovascularization and a self-sustaining hemorrhage-
inflammation cycle®®, In the present case, the patient’s
young age and athletic profile imply repetitive calcaneal
loading and possible microtrauma, leading to intraosseous
hemorrhage, subsequent cholesterol crystal deposition,
and foreign body granulomatous reaction. In addition,
contributions from perlecan-mediated trapping of oxidized

Figure 6. Six-month postoperative lateral radiograph demonstrating
significant radiological improvement.

Figure 7. Six-month postoperative anteroposterior radiograph
demonstrating significant radiological improvement.
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low-density lipoproteins within granulation tissue may further
amplify cholesterol crystal formation®. Due to the subtle
progression and mild symptoms, differential diagnosis can be
challenging®. Simple bone cysts typically present as centrally
located, well-defined lucent lesions in younger patients,
usually without cortical expansion or internal septations®.
Aneurysmal bone cysts are more aggressive, characterized by
expansile remodeling, cortical thinning, internal septations,
and fluid-fluid levels on MRI®®, Giant cell-rich lesions, including
giant cell tumors, often demonstrate locally aggressive
bone destruction and occasional soft-tissue extension®.
Xanthomatous lesions, histologically, may resemble CGs but
are commonly associated with lipid metabolism disorders and
show more diffuse marrow infiltration®®. Malignant tumors of
the calcaneus are uncommon and typically present with ill-
defined margins, cortical destruction, and periosteal reaction,
features not characteristic of CGY®. Radiographically, CG
are typically described as well-demarcated lytic lesions
with regular margins and minimal reactive sclerosis®. In the
present case, lateral radiographs demonstrated a benign
appearing calcaneal cyst that was notably larger than
expected for a simple bone cyst. Computed tomography
imaging revealed a large fluid-filled lesion with thin but
sclerotic cortical margins, smooth erosion, and no aggressive
features, consistent with the reported CG morphology™.
Magnetic resonance imaging findings further supported

this diagnosis, showing minimal peripheral enhancement
after gadolinium administration and the absence of fatty
components, consistent with the characteristic high-signal
cystic nature of CG and with the limited enhancement patterns
described in the literature@®. Although not performed in this
case, conventional angiography has been described as a
useful adjunct for evaluating lesion vascularity and guiding
preoperative embolization when significant intraoperative
bleeding is anticipated®. In conclusion, the imaging profile
favored CG over alternative cystic or aggressive lytic lesions.
In small lesions, bone grafting has been effective, whereas
in more extensive lesions, bone cement implantation and
internal fixation have been used®. Overall, the goal of surgical
management is complete excision with minimal invasiveness,
along with improvement in symptoms‘®. Postoperative out-
comes for CG are generally favorable, with minimal recurrence
reported in the literature®®,

This case contributes to the limited literature on cholesterol
granuloma of the calcaneus and emphasizes the importance
of considering this rare benign entity in the differential
diagnosis of calcaneal cystic lesions, particularly in young
and active patients. Accurate recognition relies on histo-
pathological confirmation, as imaging findings may mimic
those of other benign cystic lesions. Curettage with bone
grafting was an effective approach, supporting its use as a
reliable management option for cholesterol granuloma.
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Abstract

The fixation of posterior malleolar fractures has gained increased relevance over the past decade due to its essential role in restoring
ankle joint stability and function. Various approaches and fixation strategies have been described in the literature, typically requiring
multiple incisions, thereby increasing the complexity and risk of soft-tissue complications. The aim of this study is to present a technical
note describing a single modified posteromedial approach for combined posterior, medial, and lateral malleolar fixation in complex
ankle injuries. This technical note outlines the surgical steps of a modified posteromedial approach that enables the fixation of all three
malleoli through a single incision. The approach provides access to posterolateral, posteromedial, and medial distal tibial surfaces as
well as the lateral malleolus. The technique is demonstrated in a single representative clinical case of a complex trimalleolar ankle

fracture.

Level of evidence V; Expert Opinion.

Keywords: Ankle fractures; Fracture Fixation, Internal; Orthopedic Procedures.

Introduction

Posterior malleolar fractures are complex injuries that
require precise management to restore ankle congruency,
joint stability, and function®?. Traditionally, several surgical
approaches and fixation techniques have been developed
to address these fractures, including anterior-to-posterior
fixation with lag screws and buttressing plates via poste-
rolateral and/or posteromedial approaches®. However,
these methods often require multiple incisions, potentially
increasing surgical complexity and the risk of soft-tissue-
related complications®3->,

The posteromedial approach and, more recently, the
modified posteromedial approach have emerged as valuable
options for treating posterior malleolar fractures, offering

direct access to the fracture with the advantage of a wider
exposure of the posterior surface of the distal tibia. The
posteromedial approach allows for effective visualization and
reduction of posterior malleolar fragments (posterolateral,
posteromedial, or both), making it a helpful choice in spe-
cific clinical scenarios®. Furthermore, the modified poste-
romedial approach offers a better attack angle than the
traditional posterolateral approach for reducing small
intercalary depressed fragments, which are frequently asso-
ciated with posterior malleolar fractures®. Despite its poten-
tial advantages, the modified posteromedial approach is
typically underutilized for combined posterior and lateral
malleolar fixation, with the posterolateral approach being
more commonly employed®.
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The posterolateral approach provides access to both
the lateral malleolus and the posterolateral fragment of
the posterior malleolus. However, it poses limitations in
addressing posteromedial fragments due to restricted visi-
bility. Moreover, the posterolateral approach can be asso-
ciated with difficult rehabilitation for ankle dorsiflexion
gain®”, Consequently, there is a perspective to explore an
alternative approach that can offer comprehensive fixation
for both lateral and posterior malleolar fractures through a
single incision

This study hypothesizes that combined lateral and poste-
rior malleolar fixation can be effectively achieved through
a single modified posteromedial approach. This technique
aims to avoid the need for an isolated lateral approach and
to mitigate the disadvantages of the posterolateral approach,
particularly its limitations in addressing posteromedial and
depressed intercalary fragments.

Methods

Informed consent and ethical approval were obtained for
publication of the article.

Indications and surgical strategy

The modified posteromedial approach is indicated for
pilon fractures with posterior components and for posterior
malleolar fractures, including isolated posteromedial or
posterolateral fragments, combined posteromedial and
posterolateral fragments, and a single unique posterior
malleolus extending across the entire posterior surface of the
distal tibia. In this technical note, we thoroughly describe a
technique to address combined lateral, posterior, and medial
malleolar fractures using a single modified posteromedial
approach.

Depending on the trauma energy and the soft-tissue
condition, fixation can be performed in two stages, with a
transarticular external fixation until the wrinkle sign appears,
allowing for safe internal fixation.

Surgical technique

The patient is typically positioned prone, and a lazy-L skin
incision is made 1 cm medial to the Achilles tendon insertion
and extends proximally for about 15 cm along the medial
border of the Achilles tendon. Distally, we continue the
incision in a lazy-L fashion posterior and distal to the medial
malleolus to expose the anteromedial tibia and address
the medial malleolus and medial comminution. Then, we
approach the superficial fascia to expose the Achilles tendon
and the distal part of the soleus muscle. The Achilles tendon
and its sheath are retracted laterally, and the posterior
tibialis tendon is retracted medially, to expose the transverse
intermuscular septum (the floor of the superficial posterior
compartment) and open it longitudinally to access the deep
posterior compartment. The posterior surface of the distal
tibia is approached through the plane between the flexor
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hallucis longus (FHL) and the neurovascular bundle (NVB)
(tibial nerve and posterior tibial artery). Care must be taken
to protect the NVB throughout the procedure, and all efforts
must be made to avoid excessive traction on the NVB and the
soft tissues, especially when addressing the posterolateral
fragment and the lateral malleolus using Hohmann retractors.
To address the posterolateral surface of the distal tibia and
the lateral malleolus, it is strongly recommended to extend
the skin incision proximally by at least 10 cm. The proximal
extension of the skin incision prevents excessive traction on
the NVB. This proximal extension facilitates the exposure of
the lateral aspect of the ankle. Short skin incisions require
excessive traction on the soft tissues, increasing the risk of
complications®.

This approach enables the creation of multiple windows for
fragment-specific fixation, carefully preserving soft tissues to
minimize the risk of damage to the NVB. These windows, in
addition to the reduction and the fixation strategies, will be
described in detail below:

1. Identify the lateral border of the FHL and retract it medially
to assess and reduce the posterolateral fragment and the
lateral malleolus. Retracting the peroneal tendons laterally
can help in exposing the fibula to fix the fractures.

2. ldentify the medial border of the FHL and the NVB (protect
the NVB using a vessel loop); retract the FHL laterally and
the NVB medially to expose the posteromedial fragment.

3. ldentify the lateral border of the flexor digitorum longus
(FDL) tendon medially to the NVB to expose the medial
border of the posteromedial fragment.

4. Identify the sheath and tunnel of the posterior tibialis
tendon and, if necessary, open it to retract the tendon.

5. Anterior to the posteriorly opening tibialis sheath, the
medial malleolus is exposed up to the anteromedial tibia.
In cases of medial malleolus fractures, everting the medial
malleolus can help in assessing impaction on the distal
tibia medially and to assess articular reduction of the
posterior malleolus.

Figure 1 illustrates three of the five possible windows
for treating the posterior ankle fractures. The posterior
malleolus is addressed first, reduced using a ball-spike
pusher, and provisional key wires are applied, avoiding the
area designated for plate placement. If impacted articular
fragments of the posterior malleolus are present, the open
book technique should be applied to reduce the impaction
and fix the fracture.

Table 1 outlines the five potential windows for addressing
posterior ankle fractures.

Fixation of the posterior malleolus is performed using iso-
lated or combined 2.4- or 2.7 mm minifragment plates in a
buttressing fashion, depending on the fracture pattern. Either
straight, hook, or T-shaped plates can be utilized, depending
on the specific requirements of the fixation.

Using a Hohmann retractor placed on the posterolateral

surface of the lateral malleolus, the fibula can be addressed
and reduced with small pointed clamps. A posterior straight
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Figure 1. (A) Axial magnetic resonance imaging of the ankle illustrating the following structures: Tibia (T), Fibula (F), Achilles tendon
(AT), and flexor hallucis longus (FHL). The green star and line represent the window to approach the posterolateral surface of the tibia
and fibula. The red cross and line indicate the window between the FHL and the neurovascular bundle, which addresses the entire
posteromedial surface of the distal tibia. The blue square and arrow identify the neurovascular bundle, while the white triangle marks
the anteromedial aspect of the tibia, located anterior to the posterior tibialis tendon. (B) Note the difference in the reduction angles for
the intercalary fragment between the posterolateral approach (PLA) and the modified posteromedial approach (MPMA). Observe that

the reduction angle is more favorable when using the MPMA.

Table 1. Observe the anatomical windows that can be developed to address the posterior aspect of the ankle

Window Interval

st Peroneal tendons - FHL

25d FHL - NVB

3rd NVB - FDL

4th TPT subluxated medially - FDL laterally
Sth FDL/TPT retracted laterally

Application
Fibula/lateral malleolus
Posterolateral fragment
Posterolateral fragment
Posterolateral fragment

Posterior colliculus

Anterior colliculus
Medial malleolus

FHL: Flexor hallucis longus; NVB: Tibial neurovascular bundle; TPT: Tibialis posterior tendon.

2.4 mm or 2.7 mm minifragment plate is then used to fix
the fibula in a buttressing fashion. Wagstaffe fragments,
anterior malleolar fractures, and equivalents (quadrimalleolar
ankle fractures) can be addressed by flexing the knee and
performing additional anterior approaches in an upside-
down manner. If syndesmotic fixation is required, it can be
performed as usual, applying either rigid or elastic constructs.

Postoperative rehabilitation protocol

The postoperative rehabilitation protocol includes early
range of motion exercises. Weight-bearing is allowed with
crutches and ankle protection in a boot, starting with touch-
down weight-bearing and progressively increasing weight

as the fracture heals. Full weight-bearing is permitted after
complete fracture healing, typically around 6-8 weeks.

Case lillustrates the surgical technique

A 52-year-old male patient suffered a rotational injury to his
left ankle following a fall down stairs. Upon admission to the
emergency department, he was diagnosed with a dislocation
and trimalleolar ankle fracture (AO/OTA 44B3.2). After closed
reduction in the emergency department, immobilization was
applied, and a computed tomography scan was performed
to assess the fractures in detail. When soft tissues were
amenable to open reduction internal fixation (on the sixth
day), surgery was performed using a modified posteromedial
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approach as described by Assal et al.®%, extending anteriorly Five windows were utilized to achieve adequate reduction
with the windows described by Wang et al.®. Figures 2 and 3 and fixation of the fibula, posteromedial and posterolateral
provide an overview of the preoperative imaging. aspects of the tibia, and the medial malleolus (Figures 4-6).

v

Figure 2. (A) Radiographs of the left ankle demonstrating the fracture dislocation. (B) Radiographs of the ankle after reduction and
provisional immobilization with a cast. (C) Axial computed tomography scan illustrating the complexity of the posterior malleolar frac-
ture. (D) Coronal computed tomography scan illustrating the trimalleolar fracture. (E) Sagittal computed tomography scan illustrating

the posterior malleolar fracture.

Figure 3. Three-dimensional computed tomography scan showing a trimalleolar fracture with detailed visualization of the fracture

components.
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Figure 6 illustrates the radiographs and the clinical aspect
of the ankle after fracture healing.

Discussion

The fixation of posterior malleolar fractures has gained
attention in recent years due to the crucial role these fractures
play in ankle stability and function®. Traditional approaches,
such as anterior-to-posterior fixation with lag screws and the
use of posterolateral and posteromedial buttressing plates,
have provided various strategies to address these complex
injuries®™. The posterolateral approach, in particular, has
been widely adopted for its effectiveness in accessing both
the lateral malleolus and the posterolateral fragment of the
posterior malleolus®. However, this approach has limitations
in addressing posteromedial fragments and can complicate
rehabilitation due to restricted ankle dorsiflexion®”. Mo-
reover, impacted fragments of the posterior malleolus are
challenging to address using posterolateral approaches due
to the unfavorable angle to achieve and maintain reduction of
the impacted fragment®.

Our study focuses on the modified posteromedial approach,
which has demonstrated significant advantages in treating
posterior malleolar fractures. This approach allows direct
visualization and effective reduction of the posterior malleolus
while minimizing soft-tissue disruption. Assal et al.®% have
highlighted the benefits of this approach in providing a
comprehensive view of the posterior tibia and facilitating the
management of complex fracture patterns.

Assal et al.¥ compared exposure to the distal tibia using
three approaches: posterolateral, posteromedial, and a
modified posteromedial approach. The study found that

Figure 4. Intraoperative images highlighting the anatomical land-

marks and the potential windows accessible through the modi-
fied posteromedial approach. PT: Peroneal tendons, F: Fibula,
PM: Posterior malleolus, FHL: Flexor hallucis longus, NVB: Neu-
rovascular bundle, MM: Medial malleolus, FDL: Flexor digitorum
longus, TP: Tibialis posterior.

A technical insight apropos a single clinical case

the posteromedial approach provides superior exposure
to the medial and central parts of the posterior malleolus,
with a coverage of 83% and 61%, respectively, while the
posterolateral approach offers better access to the lateral
and central parts, covering 86% and 68%, respectively.
However, the modified posteromedial approach combines

Figure 5. Technique used for the reduction and fixation of the

trimalleolar fracture through the single modified posteromedial
approach. (A) Axial computed tomography scan of all fracture
components involving the posterior, medial, and lateral malleolus;
(B) Preoperative skin marking; (C) Provisional fixation of the pos-
teromedial fragment with K wires. Observe the interval between
FHL and NVB; (D) Exposure of fibula fracture. Peroneal tendons
are retracted laterally and FHL medially; (E-F) Final radiograph
images. A buttress plate was applied to the lateral posterior mal-
leolar fractures. The medial malleolus was fixated with an anti-gli-
ding plate and two bicortical screws placed from the anterome-
dial to the posterolateral direction.
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Figure 6. (A) Full-weight-bearing follow-up radiographs four months after surgery. (B) The surgical wound was completely healed at four

months postoperatively, and ankle motion was clinically functional and nearly symmetrical when compared with the contralateral side.

the benefits of both, allowing for extensive visualization of
the entire posterior surface of the distal tibia with an overall
coverage of 92%. This comprehensive exposure is particularly
advantageous for addressing combined fractures involving
both posteromedial and posterolateral fragments, as it
reduces the need for multiple incisions and minimizes the risk
of soft-tissue complications.

Furthermore, Wang et al.® and Bois and Dust™ have shown
that the modified posteromedial approach can be safely used
to address posterior pilon fractures and posterior fracture-
dislocations of the ankle, respectively.

Although the posteromedial approach primarily utilizes
the window between the NVB and the FHL, Mitsuzawa et
al.® demonstrated in an anatomical study that the tension
over the NVB generated by soft-tissue retraction with the
modified posteromedial approach is lower compared to the
posterolateral or the classic posteromedial approach.

There are some limitations of our study that deserve
to be highlighted. The primary limitation is the lack of a
comparative analysis with other surgical approaches, which
would provide a more comprehensive understanding of
the relative advantages and disadvantages of the modified
posteromedial approach. Additionally, this is a technical note
with limited evidence, requiring long-term follow-up and
larger sample sizes to adequately evaluate the true benefits
of a single posteromedial approach to address both posterior
and lateral malleolar fractures. Despite recommending
the proximal extension of the skin incision to prevent
skin necrosis and excessive traction on soft tissues, such

complications may still occur. Furthermore, the literature
requires confirmation of the hypothesis that the rehabilitation
process is indeed easier with posteromedial approaches than
with posterolateral ones, particularly in achieving dorsiflexion
of the ankle.

However, one of the key strengths of our study is the detailed
technical description of the single modified posteromedial
approach for combined posterior and lateral malleolar fi-
xation. Potential benefits of this technique include avoiding
the need for an isolated lateral approach and mitigating the
disadvantages associated with the posterolateral approach,
particularly its limitations in addressing posteromedial
fragments®'®, In addition, proximal extension of the skin
incision may facilitate exposure and reduce the risk of com-
plications from excessive soft-tissue traction. As previously
mentioned, the modified posteromedial approach also appears
to provide a more favorable angle for reducing impacted
posterior malleolar fragments®©™,

Conclusion

We describe the use of a single modified posteromedial
approach in a limited clinical scenario. In this case, the
approach allowed adequate visualization and reduction of the
fractures while avoiding additional surgical incisions. However,
given the nature of this report and its inherent methodological
limitations, these findings cannot be generalized. Future
studies with larger sample sizes and comparative analyses
are needed to further validate the safety and efficacy of this
promising technique.
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9

O Journal of the Foot and Ankle adota um fluxo de avaliagédo
e revisdo das submissdes que demanda alguns passos e tempos
que devem ser respeitados ndo sendo passiveis de supresséo ou
aceleracdo. Por isso, € muito importante submeter os trabalhos ao
JFA o quanto antes para evitar atropelos relativos aos prazos de
CONCUrsos e exames.

[ @ Néo perca a oportunidade de publicar seus artigos conosco. ]
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E o deixe esse importante compromisso para depois!!!

Caio Nery
Editor-Chefe
Journal of the Foot and Ankle




