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Figure 1. Fixation with two screws: the proximal screw crosses
three cortical, while the second, more distal, two cortical.

The incisions were sutured with 4.0 Nylon thread, and the
compressive dressing was performed. Weight-bearing was
released from the first postoperative day with a rigid sole
sandal. The dressing was changed weekly during the first four
weeks by the surgical team and the patient or companion for
the next two weeks. The k-wires used in groups S and SW
were removed six weeks after surgery.

It is important to highlight that the degree of head translation
was performed according to the severity (moderate/severe),
regardless of the synthesis used.

Results

Considering the information of the 71 feet analyzed, whose
mean age was 54 years (ranging from 16 to 80 years), with a
predominance of females (89%), the radiographic parameters
in the pre-and postoperative period of each group were
evaluated, considering the means of HAV, IMA, and DMAA as
shown in Table 1 and Figures 4 to 6.

Figure 2. Fixation with K-wires: A: Preoperative radiograph; B: Preoperative clinical image; C: Fixation with K-wires; D: Radiograph with

nine postoperative months, showing optimal consolidation; E: Clinical image with six postoperative weeks.

Figure 3. Fixation with K-wire and screw: A: Preoperative clinical image; B: Preoperative radiograph; C, D: Clinical image and radiograph

with four postoperative weeks.
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Table 1. Summary measures of AOFAS, HAV, IMA, and DMAA by technique

Technique p-value
Group S Group W Group SW Total . . . .
Technique Period Technique vs. Period
(N=45;517%  (N=18;25.4%)  (N=12;16.9%)  (N=71;100.0%) : -
AOFAS 0.468 < 0.001 0.850
Pre 38.93 +12.37 41.89 £13.79 43.00 *15.92 40.37 £13.29
Post 89.44 +10.40 89.78 +11.43 93.33 +9.17 90.18 £10.43
Post-Pre 50.51+16.75 47.89 +18.44 50.33 £ 21.04 49.82 +17.71
HAV 0.905 < 0.001 0.617
Pre 32.83 + 6.38 33.39 £ 7.05 33.58 + 714 33.10 + 6.59
Post 11.22 £ 5.08 13.28 + 6.66 11.08 + 5.66 11.72 + 5.60
Post-Pre -21.61+ 6.92 201+ 771 -22.50 £ 6.57 -21.38 £ 7.02
IMA 0.580 < 0.001 0.307
Pre 16.34 + 2.68 15.89 + 2.97 15.50 + 2.65 16.08 + 2.73
Post 9.90 +2.76 10 +276 7.92 +1.62 9.62 + 2.69
Post-Pre -6.44 + 312 -5.78 £ 2.96 -7.58 + 3.92 -6.46 + 3.23
DMAA 0.565 < 0.001 0.300
Pre 22.63+774 22.56 + 7.99 20.42 £ 8.03 2224 +778
Post 11.66 + 4.94 9.61+5.24 12.00 * 5.62 11.20 + 514
Post-Pre -10.98 + 7.67 -12.94 +7.72 -8.42 + 9.51 -11.04 + 8.03
p: descriptive level of the mixed linear model.
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Figure 4. HAV means by technique and period of evaluation.
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Time effect: p < 0.001, Technique effect: p = 0.580, and Technique effect on post-pre variation = 0.307.

Figure 5. IMA means by technique and period of evaluation.
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Time effect: p < 0.001, Technique effect: p = 0.565, and Technique effect on post-pre variation = 0.300.

Figure 6. DMAA means by technique and period of evaluation.

As for SD, there were no different distributions by techni-
que (p = 0.598). Table 2 shows the position of the sesamoid
reached in the postoperative period in the three groups
regarding the displacement’s improvement, maintenance, or
worsening.

Regarding the clinical parameters, an increase in the AOFAS
score was observed in all groups when comparing the pre-
and postoperative periods, according to Table 3, without
presenting a statistical difference among the techniques
(Figure 7).

There was no loss of correction in either the immediate or
late postoperative period and no loss of the reduction after
removing the K-wire in groups S and SW. There was also no
difference between the groups regarding the severity of the
deformity, percentage of translation, and complications.
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Table 2. Position of the sesamoid by technique in the postoperative period

Group S

Technique

Group W Group SW

(N =41;57.7%)

(N=18;25.4%) (N=12;16.9%)

Sesamoid displacement 0.598
Improvement 34 (82.9) 14 (77.8) 1 (91.7)
Maintenance 7 (7.1) 3 (16.7) 1(8.3)
Worsening 0 (0.0) 1(5.6) 0 (0.0)

The sum of the percentages may not total 100.0% due to rounding

p: descriptive level of Fisher’s exact test

Table 3. Pre-and postoperative AOFAS by technique

Mean SD Min Max Median N

AOFAS - pre 40.37 13.285 15 70 39 71
Group S 38.93 12.372 15 65 39 41
Group W 41.89 13.792 25 69 40 18
Group SW 43 15.92 20 70 41 12
AOFAS - post 90.18 10.433 49 100 95 71
Group S 89.44 10.404 53 100 95 41
Group W 89.78 1.425 49 100 92.5 18
Group SW 93.33 9.168 72 100 97.5 12

SD: Standard deviation; Min: Minimum; Max: Maximum.
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Time effect: p < 0.001, Technique effect: p = 0.468, and Technique effect on post-pre variation = 0.850.

Figure 7. AOFAS means by technique and period of evaluation.

As for complications, no different percentages per techni-
que were found (p = 0.931). Of the total sample, 23.9%
had some complications (Table 4). Complications were
stratified according to the adapted classification of surgical
complications for orthopedic surgery by Clavien-Dindo?, a
system that evaluates the severity of surgical complications.

In group S, the most frequent complications were related
to the synthesis material, with three cases of screw migration
(Figure 8) and three cases of pain in the screw head. In cases
where the screw caused pain, it was removed. In addition,

in this group, other complications were observed, such as
fracture of the cortical bone, complex regional pain syndrome
(CRPS), and a case of recurrence. In total, this group had
complications of 26.8%, with classifications, according to
Clavien-Dindo, ranging from 2 to 3b (Table 4).

When analyzing group W, a complication rate of 22.2% was
observed, also classified from 2 to 3b. As in group S, most
of these complications were associated with the synthesis
material, with three early removals of one of the K-wires. Of
these removals, two were due to proximal migration and one
due to pain at its insertion site.

In the SW group, two complications were identified: a case
of pain in the screw head, which needed to be removed, and
another case of skin necrosis at the incision site, which evolved
to complete resolution. These complications accounted for
16% of this group.

Discussion

The minimally invasive Chevron Akin (MICA) technique
with percutaneous fixation is indicated in the surgical
treatment of HV with moderate and severe deformities. The
choice of this technique is due to the greater correction of
HV and intermetatarsal angle. These corrections occur due
to the head lateral displacement of the first metatarsal, up
to 100%, associated with the fixation of this osteotomy®.
Although some studies show different fixation methods of
percutaneous Chevron osteotomy, comparing them is still a
matter of discussion.
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Table 4. Distribution of complications by group

Group S Group W Group SW
(N =41;57.71%) (N =18;25.4%) (N=12;16.9%)
K-wire/screw removal 3 (7.31%) 1(5.55) 1(8.33) 5(7.04) 1.000
Material migration 3 (7.31%) 1(3.55) 0 (0.0) 4 (5.63) 1.000
Cortical bone fracture 2 (4.87%) 1(5.55) 0 (0.0) 3(4.22) 1.000
CRPS 1(2.43%) 0 (0.0) 0 (0.0) 1(.40) 1.000
Skin necrosis 1(2.43%) 0 (0.0) 1(8.33) 2(2.81) 0.385
Recurrence 1(2.43%) 0 (0.0) 0 (0.0) 1(1.40) 1.000
Hallux hypoesthesia 0O (0.0%) 1(5.55) 0 (0.0) 1(.40) 0.430
TOTAL 11 (26.8%) 4 (22.2) 2 (16.0) 17 (23.9) 0.931

CRPS: complex regional pain syndrome.

Figure 8. Complications: A: Proximal screw migration; B: Result

after screw removal.

The most available fixing material for performing per-
cutaneous surgeries in the SUS is the K-wires, which have
lower costs and higher and easier technical handling®,
However, when screws are available, we choose them,
following the classical approach of MICA technique.

Due to the variability of fixation materials, the study was
divided into three groups: group S, fixed with screws; group
W, fixed with K-wires; and group SW, a screw and K-wire.
Due to the retrospective study design, the quantitative
distribution of patients into the groups was heterogeneous.
Such distribution was based on the choice of fixation material.

Our results corroborated previous findings®'®, indicating
that both K-wire and screw fixation resulted in comparable
functional and radiological outcomes. In the analysis
performed, the choice of implant did not affect the conduct
of the surgical technique, and it was performed according to
the severity and specific needs of each case.

There was no loss of correction in the immediate or late
postoperative period and after removal of the K-wire. No
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significant disparities were identified among the groups
regarding deformity severity, translation amount, and
complication incidence.

Regarding the radiographic angles, there was a reduction
in the means in the three techniques. The reductions were
similar in the three angles analyzed, showing that all fixation
methods were effective in maintaining HV correction. Better
results, however, were observed in the HAV and IMA in the
SW group (22.52 and 7.58¢, respectively) and the DMAA in the
group W (12.949), although without statistical significance
among the groups. These results indicate that the mean
correction of angles was consistent with the findings of
several previous studies(24,

As for the DMAA, the mean value obtained was 10.8°. Some
studies did not evaluate the referred angle, including the
studies by Carlucci et al.®?®, Carvalho et al. ®®, and Nunes et al.
@ with results similar to ours (8°, 8.5°, and 10.2° respectively).
Regarding the sesamoids, there was a significant reduction
in severe cases, changing to mild and moderate deformities
in the postoperative period. This reduction was observed in
the three fixation techniques, indicating their effectiveness.
The study by Ferreira et al.f” showed similar results, with
good postoperative correctionn However, in the literature,
the evaluation of the sesamoid position was not frequently
evaluated81922),

Regarding the AOFAS score, there was a significant
functional improvement of the foot after surgery, with an
increase in postoperative values in the three groups (mean:
40.4 to 90.2), similar to other studies@2122,

Inthetotal sample, 23.9% of patients had some complications,
such as removal of material (Clavien-Dindo 3b), migration
of the synthesis material (Clavien-Dindo 2), fracture of the
medial cortical (Clavien-Dindo 2), CRPS (Clavien-Dindo 2),
skin necrosis (Clavien-Dindo 2), recurrence of HV (Clavien-
Dindo 3b), and hallux hypoesthesia (Clavien-Dindo 2) stand
out (Table 4). When analyzing the groups separately, a varied
distribution of complications was observed, highlighting
that most were classified as Clavien-Dindo 2 and 3b in all
groups, indicating complications that required observation
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or surgical intervention to remove the synthesis material
without implying a risk of death or sequelae.

There were no significant differences among the groups. In
all of them, the synthesis material was the main motivator
of patient’s complaints, often requiring their removal, as also
evidenced in other studies(®921222%  Despite the eventual
removal, there was no interference in the clinical and
radiographic results. Another complication observed was the
screw migration in 7.3% of the cases, the same reported by
Carvalho et al.??,

In a single case, the deformity recurred late, and the patient
was submitted to a new surgical procedure. Hallux valgus
recurrence and neuropraxia of the medial dorsal cutaneous
nerve are relevant complications to be considered in
minimally invasive surgeries. In our analysis and the studies
by Nunes et al.?? and Carvalho et al.??, a low percentage of
such complications was observed. Lewis et al.™®, in a recent
study with a two-year follow-up, also reported a recurrence
rate of 0.9%.

Armstrong et al.®® evaluated the results of 69 patients
regarding immediate postoperative morbidity, structural
correction, and long-term range of motion after fixation
with a single K-wire and a cortical screw. They observed that
fixation with K-wire and rigid internal screws was effective,
presenting good consolidation, low morbidity, and adequate
stability.

It is relevant to note that the availability of fixation materials
can influence the choice of technique in specific clinical
contexts, as in this sample, performed in a public hospital.
The significant improvement in the quality of life of patients
submitted to minimally invasive surgery to correct HV justifies
the continuation of these procedures to correct moderate
and severe deformities.

However, we recognize that this study has limitations, in-
cluding its retrospective design and the heterogeneity in the
distribution of patients among the fixation groups. Therefore,
future studies with larger samples, adequate randomization, and
longer follow-up are needed to provide more robust evidence
and guide the choice of fixation technique in the HV treatment.

In summary, based on the results of this comparative
study, the three fixation techniques were effective in angular
correction and displacement of the sesamoid associated with
HV. Most complications were resolved in the short term and
did not interfere with correction.

Conclusion

The three fixation methods effectively corrected the angular
deformities associated with hallux valgus. The choice among
these methods did not significantly influence the clinical and
radiological results. Although material-related complications
were observed, the groups had no statistically significant
differences.
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Post-traumatic hallux valgus with lateral metatarsal
injuries: management and short-term results

Marcos Hideyo Sakaki''*, Jordanna Maria Pereira Bergamasco'">, Eduardo Perusso Padovezi'">,
Mateus Henrique Marangoni'"”, Frederico Quagliato Tringali', Lais Nunes Salles Pinheiro’

1. Hospital Municipal Dr. José de Carvalho Florence, Sdo José dos Campos, SP, Brazil.

Abstract

Objective: Describe the epidemiology, treatment, and clinical and radiographic results of traumatic hallux valgus associated with lateral
metatarsal injuries.

Methods: Clinical and radiographic evaluation (hallux valgus angle) of seven patients who suffered traffic accidents and presented
post-traumatic hallux valgus associated with lateral metatarsal injuries. Radiographic measurements and clinical functional outcomes
were evaluated with a minimum 12 months of follow-up.

Results: All patients were submitted to medial ligament repair to treat post-traumatic hallux valgus and fixation of the associated
fractures. In a minimum 12 months of follow-up, the patients evolved well, without pain, with a mean hallux valgus angle of 13.7 degrees.

Conclusion: Cases of post-traumatic hallux valgus associated with lateral metatarsal injury, treated with ligament repair and fixation of
associated fractures, showed radiographic improvement and maintained until the final evaluation after 12 months of follow-up.

Level of Evidence 1V; Therapeutic Studies; Case Series.

Keywords: Posttraumatic; Hallux; Valgus; Deformity; Surgical repair.

development of hallux valgus. Thus, isolated traumatic hallux
valgus is a variant of the “turf toe,” a sprain of the hallux with
injury to the medial collateral ligament.

Introduction

Hallux valgus deformity is the most common problem in
the forefoot of adults®. Trauma is often cited as a cause, but
few studies detail the characteristics of this type of hallux
valgus®@?. Traumatic hallux valgus can be divided into two
types: isolated and associated with fractures of the other
metatarsal bones.

In associated traumatic hallux valgus, trauma also causes
minor injuries in the lesser toes, presenting neck/head
fractures of the second to fifth metatarsals. It can present as
dislocations of the corresponding metatarsophalangeal joints

. . . ) or as fractures of the phalanges.
In isolated traumatic hallux valgus, only the first ray is P 9

involved. Sports trauma is primarily responsible for these
injuries. The term “turf toe” was described by Bowers and
Martins in 1976%® and has since gained more attention among
doctors, coaches, and athletes. There is a mechanism of
hyperextension of the metatarsophalangeal joint of the hallux
with an injury of the plantar plate. In cases where a valgus
force component is associated with hyperextension, there is
also injury to the medial collateral ligament, leading to the

The etiology and epidemiology of traumatic injuries of the
first metatarsophalangeal joint have been poorly documented
in the literature. Only a few reports describe such injuries and
the types of treatments.

Weight-bearing radiographs in frontal and lateral profiles
are indicated to diagnose traumatic hallux valgus. In addition,
an investigation of sesamoids should be performed with the
hallux in hyperextension. When there is an injury to the medial
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collateral ligament, the tibial sesamoid tends to assume
a more distal position in relation to the fibular sesamoid.
Magnetic resonance imaging (MRI) may be required in cases
of suspected ligament injury.

The objective of the study is to describe the epidemiology,
treatment and radiographic results of traumatic hallux valgus
associated with lateral metatarsal injuries treated in a tertiary
hospital in the countryside of Sao Paulo state, Brazil.

Methods

A retrospective study including patients with foot trauma
presenting acute post-traumatic hallux valgus and associated
injuries. The study was approved by the Institutional Review
Board under the number 72626123.4.0000.5451.

It was included in the study patients who suffered post-
traumatic hallux valgus (“turf toe” + medial collateral ligament
injury) associated with lateral metatarsal injuries submitted
to surgical treatment with a minimum 12 months of follow-up.
Cases of “turf toe” without ligament injury and those who
lost follow-up were excluded from the study. Among the
12 patients, only seven (five men and two women) met the
inclusion criteria (Table 1).

Hallux valgus angle was evaluated on preoperative
radiographs and compared with the immediate postoperative
and the last outpatient follow-up (minimum 12 months). Only
the final radiographs were performed with weight-bearing.
All measurements were performed by the two foot and ankle
surgeons who conducted the service’s outpatient clinic.

The clinical evaluation was performed through question-
naires on pain, return to pre-injury activities without res-
trictions, and degree of range of motion. The clinical eva-
luation was subjective and performed by the same surgeons
who performed the radiographic measurements.

The majority of the associated fractures were at the
neck of the second to fifth metatarsals with or without the

Table 1. Demographic data

Trauma . nn -
Sex Age . Associated injuries
mechanism
1 M 37 Motorcycle Neck fracture from the second to
accident fifth metatarsal (right)
2 M 33 Motorcycle Neck fracture in the second
accident metatarsal (right)
3 M 35 Motorcycle Neck fracture from the second to
accident fifth metatarsal (left)
4 F 44 Motorcycle Fracture of the base of the fifth
accident metatarsal and neck fracture of the
second and third metatarsals (left)
5 M 20 Motorcycle Neck fracture from the second to
accident fifth metatarsal (left)
6 M 40 Motorcycle Neck fracture from the second to
accident fourth metatarsal (right)
7 M 24 Motorcycle Neck fracture from the second to
accident fifth metatarsal (left)
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involvement of the heads, and one of the cases had an asso-
ciated fracture at the neck of the second metatarsal with a
fracture at the base of the fifth metatarsal.

The surgical treatment varied according to the associated
injuries. One case had an open fracture of the metatarsals
with lateral dorsal degloving of the foot. The first meta-
tarsophalangeal joint was always approached medially, and
ligament repair was performed with anchors (four cases) or
transosseous sutures according to the availability of materials
at the time of surgery. The neck fractures of the lesser
metatarsals were fixed with 1.5 mm Kirshner wires (five cases,
two of which were percutaneous). Two cases also presented
head fractures of the lesser metatarsals with a high degree of
comminution. They were submitted to head resection by two
dorsal routes on the second and fourth metatarsals.

To change the dressing, all patients had an outpatient follow-
up with weekly visits in the first three weeks after surgery. In
the third week, the sutures were removed. All patients were
immobilized with a splint for at least six weeks. In the sixth
week, the immobilization was removed, and front, lateral,
and oblique radiographs were taken with no weight-bearing.
Progressive weight-bearing was released from the eighth
week when the Kirshner wires were removed. In the twelfth
week, new radiographs were taken. The next follow-ups
occur after six and 12 months. The open fracture cases
required more detailed care with more frequent outpatient
visits but had no complications.

Results

Between 2018 and 2021, 12 patients with traumatic injury
to the first metatarsophalangeal joint, associated with
fractures of the lateral metatarsals, were admitted to the
hospital’s emergency room. Among these patients, seven
were submitted to surgical treatment and outpatient follow-up
(Figures 1, 2 and 3).

The mean age of 12 patients was 38 years and six months
(range 20 to 63 years). The most frequent trauma mechanism
was a motorcycle accident (seven cases). The left side was
affected in four of the seven cases operated.

The mean hallux valgus angle after trauma was 24.3°. The
lowest angle was 20° and the highest 32.2%; the standard
deviation was 4.3.

Hallux valgus angle was also measured in the immediate
postoperative radiographs. The mean angle was 10.5%, the
highest angle was 182 and the lowest 2.7% the standard
deviation was 5.842. A mean correction of 13.82 was observed
in the immediate postoperative compared to the preoperative
radiographs. Twelve months after surgery, the measurement
ranged from 2.72 to 20.12, with a mean of 12.52. In the twelve-
month evaluation, a mean loss of 2.1° of correction was
observed but not statistically significant (p < 0.05) (Table 2).

Five of the seven patients are completely asymptomatic
and have resumed their activities without further restric-
tions. Two patients complaint of residual edema and meta-
tarsophalangeal stiffness of the hallux and the lesser toes.
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Figure 1. Case 6 - preoperative radiograph. Patient with previous

amputation of the middle and distal phalanx of the fourth toe not

related to the trauma studied. Figure 3. Case 6 - 12 months postoperative radiograph.

Table 2. Measurements of hallux valgus angle

Hallux valgus angle
Preoperative Immediate postoperative 12 months postoperative
1 21.7° 15.0° 20.1°
2 25.7° 2.7° 2.7°
3 20.0° 8.0° 9.0°
4 20.0° 18.0° 18.0°
5 25.0° 15.0° 15.0°
6 25.3° 10.8° 18.7°
7 32.20 470 470
Discussion

Post-traumatic hallux valgus is an uncommon condition
with few reports in the literature®. It usually develops pro-
gressively after a sprain of the hallux (“turf toe”) associated
with injury to the medial collateral ligament®. Descriptions
of post-traumatic hallux valgus associated with fracture of
the lateral metatarsals are scarce; only a few case reports
were found in the literature®®, We reported a case series
including seven patients who presented with deformity of the
- first metatarsal on the initial radiographs, all associated with
Figure 2. Case 6 - immediate postoperative radiograph. lateral metatarsal injuries (head or neck fractures).
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Bohay et al. in 1996® described a case series of post-
traumatic hallux valgus associated with Lisfranc dislocation
fracture, and the deformity developed progressively. All cases
in our study had the valgus deformity already in the acute
phase, and none had an injury in the Lisfranc joint (Figure 4).

In most of the descriptions in the literature, post-traumatic
hallux valgus is related to sports trauma®®721®  Qur cases
were more severe injuries, with trauma to the entire forefoot
caused by motorcycle or car accidents.

Lui, in 2013®, described a case of acute post-traumatic
hallux valgus in a 45-year-old patient with a history of car
accident associated with head dislocation from the second
to fifth metatarsals. The author chose to fix only the lateral
metatarsals, reported a spontaneous reduction in hallux
valgus, and suggested avoiding unnecessary manipulation

Figure 4. Case 1 - preoperative radiograph.

of the first metatarsal when possible. In our series, the first
metatarsal was always addressed, with medial igament repair
with anchors or transosseous sutures. Only two evolved with
metatarsophalangeal stiffness in the postoperative follow-up.
We believe that this ligament repair was responsible for main-
taining the correction in the follow-up of our patients, and we
suggest performing the repair whenever possible.

There was great head comminution of the lesser metatarsals
in two of our patients, and we opted for acute head resection.
These patients had a similar evolution to the other cases.
We did not find descriptions of head resection of the lesser
metatarsals in the literature, but the few reports of traumatic
hallux valgus with associated injuries addressed the injuries
with reduction and fixation®.

The scarce descriptions in the literature present case
series but do not evaluate any radiographic evolution of
hallux valgus. The angle was measured in the preoperative,
immediate postoperative, and 12 months of follow-up.

The study has limitations, such as the small sample, which
was evaluated retrospectively. Also, the ligament repair was
not always performed in the same manner, and the criterion
was the availability of materials. Our clinical evaluation was
subjective, and no functional clinical evaluation scale was
applied; therefore, we could not conclude that there was
clinical improvement. In addition, the outpatient evaluation
was performed only by one surgeon, which was different
from the measurements performed by two surgeons. Another
important limitation is that the preoperative and immediate
postoperative were performed without weight-bearing. It
was emphasized that the comparison of measurements
involved radiographs with and without weight-bearing, which
can generate a bias in the final results. On the other hand,
we believe that our case series of acute post-traumatic hallux
valgus associated with lateral metatarsal injuries is the only
one presenting radiographic evaluations with a minimum
12 months of follow-up. More cases and a longer follow-up
time using functional clinical scales are necessary to assess
the need for ligament repair in cases of post-traumatic hallux
valgus associated with lateral metatarsal injuries.

Conclusion

Cases of post-traumatic hallux valgus associated with lateral
metatarsal injury, treated with ligament repair and fixation of
associated fractures, showed radiographic improvement and
maintained until the final evaluation after 12 months of follow-up.
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Treatment of ankle fractures with fibular nail:
clinical and imaging evaluation
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Abstract

Objective: Perform a clinical and imaging evaluation of patients with ankle fractures submitted to osteosynthesis with locked nails.

Methods: Twenty-five patients submitted to surgery using the locked intramedullary nailing technique were selected between April 2018
and December 2022. Patients were over 55 years of age, with an increased risk for healing complications. The American Orthopaedic
Foot & Ankle Society (AOFAS) score and visual analog pain (VAS) scale were used for clinical evaluation. The imaging parameters used
were the talocrural angle, the medial clear space, and the tibiofibular anterior line.

Results: The AOFAS score was evaluated with a mean of 83.48 (£ 15.34), a minimum of 40, and a maximum of 98 points. The mean in
the VAS scale was 2.56 points (+ 2.50), with a minimum of O and a maximum of 8. The difference between the mean and the reference
value (2 mm) was 0.38 mm in the tibiofibular anterior line. Regarding the medial clear space, 100% presented values within the
reference (up to 4 mm). In the talocrural angle, the mean was 80.19 (+ 2.93), with a minimum of 73.5 and a maximum of 86.29, within
normal values.

Conclusion: Osteosynthesis of ankle fractures using locked intramedullary nails seems to be an alternative for older patients at increased
risk. Despite not showing a satisfactory reduction in syndesmosis reduction, in most cases, the method showed good functional results
in medium-term follow-ups.

Level of Evidence Il; Therapeutic Studies; Prospectived comparative study.

Keywords: Ankle fractures; Fracture fixation, intramedullary; Elderly; Ankle Joint; Fracture healing.

dissection with a potential risk of soft tissue devitalization.
With relative frequency, there are complications such
as difficulty in healing, skin necrosis, and even implant

Introduction

Ankle fractures are very frequent injuries, with an incidence
of 184 per 100,000 people per year, with 20 to 30% of cases

occurring in older people and showing an incidence with
progressive increase in this population®®. In this group of
patients, osteoporosis and comorbidities such as diabetes,
dementia, and renal failure may represent challenges to
treatment®. Local and systemic complications are more
common in this group, and medical professionals should be
vigilant to avoid them.

The classic treatment of ankle fractures is performed by

open reduction and internal fixation with lateral malleolus
plate and screws. This procedure often requires greater tissue

exposure®,

Techniques with less tissue invasion and aggression were
developed to mitigate such complications, which reduce
hospitalization time and promote early rehabilitation®®,

Fibula intramedullary fixation techniques were created
more than 30 years ago and have undergone development
and improvement in the last two decades®. Currently, there
are already locked nails available that allow the insertion of
screws to close the tibiofibular syndesmosis®. The starting
point of treatment with the intramedullary nail is a non-
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anatomical reduction of the fracture but respecting the soft
tissues with little interference with the biology of fracture
consolidation. Another advantage is that it does not cause
skin prominence or require a second removal procedure.

Adequate fracture reduction is indispensable to prevent
joint congruence and post-traumatic arthrosis®. Studies
comparing intramedullary nails with locking plates show
lower complication rates and greater resistance to nail failure,
encouraging using this material in unstable ankle fractures®,
In addition, a systematic review comparing functional results
showed similar results between the two groups after 12
months®, However, few studies show long-term follow-up
and postoperative radiographic/tomographic evaluation.

The objective of this study is to perform a postoperative
clinical evaluation with a radiographic and tomographic
correlation of ankle fracture reduction after osteosynthesis
with locked nails, analyzing the fibula length, tibiotalar
reduction, and syndesmosis through parameters already
defined in the literature.

Methods

This is a retrospective study approved by the Institutional
Review Board under the number 3.739.529. All patients
signed an informed consent form. The study included
patients submitted to surgery due to unstable ankle
fractures, classified as Weber types B and C, using locked
intramedullary nails-a minimally invasive technique. The
surgeries were performed between April 2018 and Decem-
ber 2022 by the foot and ankle surgery team at Hospital
Francisco José Neves. The inclusion criteria were patients
over 55 years of age with increased risk for healing com-
plications and infection (patients with diabetes, smokers,
adverse soft tissue conditions, or very old age). All patients
were submitted to postoperative radiographs and computed
tomography. Among the 53 patients submitted to surgery
during the period, five died, and 25 met the inclusion criteria
and participated in the imaging analysis. Of these 25 patients,
21 were female and four male, with a mean age of 74.04 years
(£ 10.46), ranging from 57 to 92 years. The mean follow-up
time was 37.16 months (£ 16.5), ranging from 6 to 58 months.
The mean time of the surgical procedure was 4.56 days (O to
30 days) from the date of the fracture.

Regarding comorbidities, 92% of patients had some clinical
comorbidities under treatment; 21 patients were hypertensive,
ten had diabetes, three had chronic obstructive pulmonary
disease, and two had heart disease. In addition, five patients
were chronic smokers.

Among the 25 patients, ten fractured the right side and 15
the left. Regarding the type of fracture, five had an isolated
fracture of the lateral malleolus with a complete injury of
the deltoid ligament, nine had a bimalleolar fracture, and 11
patients had a trimalleolar fracture. Among the 20 patients
with bi-or trimalleolar fractures, ten had the fixation of the
medial malleolus using one cannulated screw, seven by
percutaneous technique, and three by open technique; in five

cases, the medial malleolus was fixed with two cannulated
screws and another five patients by medial sutures. Of the 11
patients with posterior malleolus fracture, only three required
fixations, performed by a cannulated screw passed through
the percutaneous posterolateral.

Patients with less than six months after surgery, under 55
years, with a fibular canal smaller than 3.0 mm in diameter,
and patients who did not adequately perform imaging control
were excluded from the study.

Surgical technique

Three foot and ankle surgeons (RAG, AHG, and JMBM)
performed the surgery following the same principles and
positioning®™. Patients were submitted to spinal anesthetic
block and cardiovascular monitoring, positioned in dorsal
decubitus with a pad under the hip on the fractured side
to maintain the limb at 302 internal rotation (Figure 1). The
operated limbs were subjected to asepsis with a chlorhexidine
solution and later with an alcohol-based solution.

In all cases of bi-or trimalleolar fractures, except for one
patient, the lateral malleolus was addressed first. The
initiative to start with the medial malleolus was motivated by
the comminution of the fibula in this case and the subsequent
loss of height reference during reduction.

The surgical technique was performed following the steps
below:

1. Small longitudinal inframalleolar incision of 1.0 cm;

2. Introduction of guide through the lower end of the fibula
under fluoroscopic; view (Figure 2);

3. Drilling of distal fragment channel up to 7.0 mm;

4. Drilling of proximal fragment up to 4.0 mm;

5. Introduction and passage of the locked nail (Hexagon Ind.
E Com. Ltda®, Itapira/SP, Brazil) after an internal rotation
maneuver of the foot, eventually using a percutaneous
reducing clamp (Figure 3);

Figure 1. Patients position on the operating table.

J Foot Ankle. 2024;18(1):88-94 89



Gomes et al. Treatment of ankle fractures with fibular nail: clinical and imaging evaluation

6. Distal locking with two screws;

7. Open or percutaneous medial fixation with one or two
cannulated screws (Hexagon Ind. E Com. Ltda®, Itapira/SP,
Brazil) or sutures with Aciflex 5.0 (Ethicon, Johnson and
Johnson do Brasil®);

8. Syndesmosis fixation through the nail with one or two
screws;

9. Fixation of the posterior malleolus when necessary through
the percutaneous posterolateral.

Postoperative period

Patients were followed up in outpatient consultations one,
two, three, six, and twelve weeks after the surgical procedure
and later at six and twelve months.

After a minimum follow-up of six months, all patients were
submitted to radiographs and computed tomography to
confirm fracture consolidation and evaluate the reduction.

The radiographs were performed in anteroposterior, ante-
roposterior views with 152 internal and lateral rotation without
weight-bearing. In the anteroposterior view, with 152 internal
rotation, the talocrural angle and medial clear space were
marked and measured to verify the possibility of fibular
shortening.

The tomographic evaluation (Alexion Advance, Canon®)
was performed to confirm the fracture consolidation and
evaluate the other parameters of joint reduction. In the axial
evaluation at 10 mm proximal to the ankle articular line, the
parameter of the tibiofibular line was measured, and the
distance between the anterolateral surface of the fibula and

Figure 2. Guide introduction under fluoroscopic view and milling of the spinal canal.

Figure 3. Nail introduction and distal locking.
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the anterolateral border of the tibia® was recorded (Figure
4). These parameters were used to evaluate the tibiofibular
syndesmosis reduction and tibiotarsal joint congruence
and performed only on the operated side. The results
were compared with the reference values described in the
literature.

The patients were evaluated after a minimum follow-up of
six months (mean of 371 months) and submitted to analysis
using the American Orthopaedic Foot & Ankle Society
(AOFAS) score and visual analog pain (VAS) scale?,

Statistical analysis

An exploratory analysis was performed using the Shapiro-
Wilk test to determine the data normality with continuous
distribution. Considering the parametric nature of the data,
measures of central tendency (mean and standard deviation),
minimum and maximum values, and the 95% confidence
interval (95% CI) of each variable were obtained.

The Bland-Altman plot was used to evaluate the agreement
between the values obtained in the radiographic and
tomographic evaluation (tibiofibular anterior line, medial
clear space, and talocrural angle) regarding the reference
values of each parameter. This graph allows a visual analysis

Figure 4. Axial tomographic section showing tibiofibular line marking.

of the overall agreement and the identification of possible
discrepancies between the two measures. Statistical analysis
was performed using Microsoft Excel’ and STATA software
(version 14.0, Stata Corporation, College Station, TX, USA).

Results

Considering the AOFAS score (Table 1), the patients analyzed
had a mean of 83.48 points (+ 15.34), with a minimum of 40
and a maximum of 98 points. On the VAS, the mean was
2.56 points (£ 2.50), with a minimum of O (no pain) and a
maximum of 8 (severe pain). To categorize the pain using
this instrument, 60.00% of patients (15/25) presented mild
pain (score from O to 2), 36.00% (9/25) moderate pain (score
from 3 to 7) and only 4.00% (1/25) severe pain (score = 8).

The results comparing the values obtained in the three
parameters of the tomographic evaluation vs. the reference
values of each of the parameters are shown in table 2. In the
tibiofibular anterior line, the difference between the mean and
the reference value (2 mm) was 0.38 mm. When analyzing
the individual values, it was observed that 48.00% of patients
(12/25) presented values within the reference limit (2 mm),
28% (7/25) presented values between 2 mm and 4 mm, while
24.00% (6/25) presented values above 4 mm.

Regarding the medial clear space, 100% of the sample
presented values within the reference limit (4 mm). In the
analysis of the talocrural angle, the mean of the differences
obtained between the values of each patient and the
reference also suggests compliance with the reference limit
(83° + 4). However, in the individual analyses, it was observed
that 28.00% of patients (7/25) presented values below 79°,
outside the limit established in the literature (Table 2).

The Bland-Altman plot was used to identify the possible
discrepancies between the values obtained in the radio-
graphic and tomographic evaluation (tibiofibular anterior
line, medial clear space, and talocrural angle) regarding
the reference values of each parameter. Figure 5 shows the
concordance analysis of the differences between the values
presented in the tibiofibular anterior line and the reference
value. The difference between these two measurements
was 0.38 mm (continuous line), with limits of concordance
(95%) of 3.76 and 4.53 mm (lower and upper dashed lines).
According to these results, most points are concentrated

Table 1. Descriptive analysis of age, tomographic evaluation, and AOFAS and VAS scores

Patients (n=25) Mean +SD
Age (years) 74.04 10.46
Follow-up (months) 3716 16.50
Tibiofibular anterior line (mm) 2.38 212
Medial clear space (mm) 2.55 0.72
Talocrural angle (%) 80.19 2.93
AOFAS 83.48 15.34
VAS 2.56 2.50

Min Max 95%Cl
57 92 69.72 78.36
6 58 30.35 43.97
0 8.22 151 3.26
1.41 3.98 225 2.85
735 86.29 78.98 81.39
40 98 7715 89.81
0 8 153 3.59

SD: Standard deviation; Min: Minimum value; Max: Maximum value; 95%Cl: 95% confidence interval; AOFAS: American Society of Foot and Ankle Surgery; VAS: Visual Analogue Pain Scale,
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within the normal limits, indicating a good concordance
between the measures. However, one point was above this
limit, suggesting a specific case of disagreement (difference
between the values of 6.22 mm).

Figure 6 shows the concordance analysis of the differences
between the values presented in the medial clear space and
the reference value, All patients were concentrated within
the normal limits, indicating good concordance between
the measures. The difference between these two variables

was -1.45 mm (continuous line), with limits of concordance
(95%) of -2.86 and -0.05 mm (lower and upper dashed lines)
(Figure 6).

Figure 7 shows the concordance analysis of the differences
between the talocrural angle and the reference value. The
difference between these two measurements was -0.62 mm
(continuous line), with limits of concordance (95%) of -3.20
and 1.95 mm (lower and upper dashed lines). According to
these results, most points are concentrated within the normal

Table 2. Comparison between the mean obtained in the tomographic evaluation and the reference values

Reference value

Tibiofibular anterior line (mm)

Means (+ SD)

Difference between means and reference value

Up to 2 mm 2.38 mm (£ 2.12) 0.38 mm
n %
Up to 2 mm 12 48.00
2 mm to 4 mm 28.00
>4 mm 6 24.00
Total 25 100.00
Medial clear space (mm)
Up tp 4 mm 2.55 mm (£ 0.72) -1.45 mm
n %
Até 4 mm 25 100.00
Total 25 100.00
Talocrural angle (%)
832 (x 4) 80.192 (£ 2.93) -0.62°
n %
792 to 87¢ 18 72.00
<79 7 28.00
Total 25 100.00

n: Absolute frequency.

Tibiofibular anterior line (mm) vs. Reference values (2 mm)
Bland-Altman Plot
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Figure 5. Bland-Altman plot (n = 25): concordance analysis
between the values presented in the tibiofibular anterior line and
the reference value. The bias was 0.38 + 212 mm (continuous
line). The limits of concordance (95%) were 3.76 and 4.53 mm
(lower and upper dashed lines).
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Medial clear space (mm) vs. Reference values (4 mm)
Bland-Altman Plot
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Figure 6. Bland-Altman plot (n = 25): concordance analysis
between the values presented in the medial clear space and the
reference value. The bias was -1.45 + 0.72 mm (continuous line).
The limits of concordance (95%) were -2.86 and -0.05 mm (lower
and upper dashed lines).
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Talocrural angle (2) vs. Reference values (832 £ 4)
Bland-Altman Plot
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Figure 7. Bland-Altman plot (n = 25): concordance analysis
between the values presented in the talocrural angle and the
reference value. The bias was -0.62 + 1.31 mm (continuous line).
The limits of agreement (95%) were -3.20 and 1.95 mm (lower and
upper dashed lines).

limits, indicating good concordance between the measures.
However, one point fell below this limit, suggesting a specific
case of disagreement (difference between the values of
-5.50 mm).

In postoperative outpatient evaluation, six complications
(24%) were observed: two superficial infections (8%), two
medial wound dehiscence (8%), one deep infection (4%),
and venous thrombosis event (4%) after one month. Patients
with superficial infection were treated with oral antibiotics,
and cases of wound dehiscence and deep infection were
submitted to surgical debridement and use of intravenous
antibiotic therapy.

Our results indicated that the surgical treatment of ankle
fractures with fixation of the lateral malleolus using a locked
intramedullary nail showed satisfactory functionality and redu-
ced the incidence of complications. Regarding the imaging
parameters, the medial clear space and the talocrural angle
were within the reference limits in most patients. However, the
tibiofibular anterior line showed a greater variation in less than
half of the cases but within the reference values proposed by
Gifford et al./®. Based on these findings, after intramedullary
fixation, syndesmosis reduction was observed, not totally
satisfactory in most patients, leading to the hypothesis that
this may not be reflected in a worse functional outcome in
the studied population. These findings align with previous
results in the literature, which demonstrated that the surgical
treatment of ankle fractures through an intramedullary nail
results in satisfactory functionality®.

Our study evaluated the syndesmosis reduction through
the tibiofibular anterior line in the axial section of computed
tomography, which correlates with an appropriate syn-
desmosis reduction, This parameter is relevant since an
inadequate reduction can trigger complications, including

premature arthrosis, with worse clinical outcomes®™. In
addition, it is known that nail treatment, due to its lower
aggressiveness compared to open reduction and internal
fixation with plate and screws, is associated with a lower
incidence of skin complications®™®, with surgical wound
dehiscence being the main complication, occurring more
frequently in diabetic patients®.

The same favorable functionality results are observed when
evaluating young patients. However, due to the lower incidence
of wound complications, this population did not obtain a
significant benefit compared to the treatment with open
reduction and internal fixation™. In addition, a biomechanical
investigation demonstrated nail superiority in relation to
plate fixation when exposed to rotational stress, presenting
greater failure torque in the first method, thus corroborating
the stability of this type of construct for unstable fractures®.
Thus, the modest correlation between imaging parameters,
suggesting an inadequate syndesmosis reduction in most
patients, and the good functional outcome is related to the
nail treatment may be associated with a stable fixation and
consolidation rate comparable to traditional plate treatment®,

A limitation of this study was the short follow-up period,
which may have been insufficient to assess long-term
complications such as the development of post-traumatic
arthrosis. Another relevant limitation concerns the diverse
pattern of fractures and fixation techniques of the medial
malleolus, with no comparison being made among the results
of unimalleolar and bi- and trimalleolar fractures.

It is important to highlight that the analyzed population had
a mean age of 74.04 years, within the age group that is often
associated with comorbidities resulting in hospitalizations for
reasons other than fractures, compromising the follow-up.
Additionally, the study period was the same as the coronavirus
pandemic and post-pandemic, during which many individuals
avoided leaving their homes, potentially affecting re-evalua-
tions. Due to these challenges, it was difficult to collect data
and evaluate some patients, impacting the sample size. The
results presented are clinically relevant because, as well as
previous publications, they support using nails in populations
at high risk of postoperative complications, especially wound
dehiscence.

It is important to emphasize that the retrospective design,
the absence of a control group or comparison with other
osteosynthesis methods, and the absence of randomization
in the treatment selection are also limitations. Future studies
could compare imaging outcomes between nail and plate
fixation, providing a deeper understanding of the relationship
between reduction quality and the treatment method adopted.

Conclusion

Osteosynthesis of ankle fractures using lockedintramedullary
nails seems to be an alternative for older patients at
increased risk. Despite not showing a satisfactory reduction
in syndesmosis reduction, in most cases, the method showed
good functional results in medium-term follow-ups.
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Translation of AOFAS Hallux Metatarsophalangeal-
Interphalangeal Scale into Portuguese
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Abstract

Objective: Translate, culturally adapt, and evaluate the reproducibility of the American Orthopaedic Foot And Ankle Society (AOFAS)
Hallux Metatarsophalangeal-Interphalangeal Scale questionnaire into Portuguese.

Methods: The AOFAS and the 36-Item Short Form (SF-36) questionnaires were applied to 50 patients with hallux pathologies. The
methodology followed the criteria defined by Reichenheim & Moraes for translation and cultural adaptation of questionnaires.
Results: The Cronbach’s alpha coefficient of the domains was 0.99, indicating excellent reliability. Scores for the first and second
evaluations were 65.5 and 64.2, respectively, with high interobserver concordance (65.5 vs. 65.3). Cronbach’s alpha consistency analysis
and Spearman’s correlation analysis were 1.0, an extremely high index.

Conclusion: According to the established criteria, the questionnaire’s translation and cultural adaptation were conducted effectively,
with very high interobserver concordance, and can be safely reproduced in Portuguese.

Level of evidence 1V, case series.

Keywords: Hallux; AOFAS; Translation; Validation.

is a wide variety of instruments, with items directed to the
performance of daily activities, which helps the physician
to understand how each individual responds to treatment.
However, most of the questionnaires are available in English
and are produced and applied according to the demographic
and cultural characteristics of the region of origin®®. Social,
cultural, and linguistic differences may represent a barrier to

Introduction

Surgeries involving the foot and ankle are frequent in
orthopedic practice; however, the evaluation of results in
scientific studies may be questionable due to the different
methods used by the researchers to evaluate them®. To
solve this issue, a standardized instrument is necessary to
compare the results of treatments with patients with the

same condition®,

It is known that the quality of life of patients with foot
and ankle disorders is directly influenced by orthopedic
treatments®, therefore, the evaluation of these results with
a reliable and quality methods allows comparisons between
clinical trials.

As different factors influence foot injuries during recovery,
monitoring the progress of each patient is essential. There

interpreting these instruments®.

Based on the original questionnaires, studies and valida-
tions of the established characteristics are subsequently
performed®,

The American Orthopaedic Foot And Ankle Society (AOFAS)
questionnaire (Figure 1), produced by Kitaoka et al,, is an
instrument used to evaluate results in foot surgeries based
on patient’s complaints. It evaluates three domains: pain,

Study Performed at the Hospital do Servidor Publico Municipal de S&o Paulo, ) ) ) )
S3do Paulo, SP, Brazil. How to city this article: Miranda BR, Loures

PF, Degani RA, Emboz JNM, Oliveira LZ,

Correspondence: Rafaella Azevedo Degan. Rua Horacio Alves da Costa n® 174,
apto 63, Jd. Nosso Lar, 04401-000 Sé&o Paulo, SP, Brazil. Email: rafaelladegani@
gmail.com. Conflicts of interest: none. Source of funding: none. Date received:
February 6, 2024. Date accepted: April 16, 2024. Online: April 30, 2024.

Freitas ADP, et al. Translation of AOFAS Hallux
Metatarsophalangeal-Interphalangeal Scale into
Portuguese. J Foot Ankle. 2024;18(1):95-100.

Copyright © 2024 - Journal of the Foot&Ankle J Foot Ankle. 2024;18(1):95-100 95


https://orcid.org/0000-0002-5306-2972
https://orcid.org/0000-0001-5010-2994
https://orcid.org/0000-0003-0051-8670
https://orcid.org/0009-0004-6049-3641
https://orcid.org/0000-0001-5849-5841
https://orcid.org/0000-0001-5808-1788
https://orcid.org/0000-0003-4632-9672
https://orcid.org/0000-0002-8907-0472
https://orcid.org/0000-0003-0227-2440
https://orcid.org/0000-0002-2870-2261

Miranda et al. Translation of AOFAS Hallux Metatarsophalangeal-Interphalangeal Scale into Portuguese

function, and alignment, totaling 100 points, with 100 being
the best clinical outcome and zero the worst. Although it
is a questionnaire used by most scientific studies for foot
and ankle pathologies worldwide, it only has translation and
cultural validation into Portuguese for the ankle and hindfoot.

The objective of this study is to translate, culturally adapt,
and evaluate the reproducibility of the AOFAS Hallux Meta-
tarsophalangeal-Interphalangeal Scale questionnaire into
Portuguese, according to the protocols recommended for
this type of study.

Methods
Questionnaire

The AOFAS Hallux Metatarsophalangeal-Interphalangeal
Scale was used in this study, which consists of nine topics
addressing three domains: pain (40 points), function (50
points), and alignment (10 points). The evaluation was
performed by the examiners, using an interview and a
physical examination, with a score of 100 points for the
best clinical result and zero points for the worst. The result
could be classified as excellent (100-90 points), good (75-89
points), fair (60-74 points), and poor (< 60 points).

Pain (40 points)

None 40
Mild, occasional 30
Moderate, daily 20
Severe, almost always present 0

Function (45 points)
Activity limitations
No limitations
No limitations of daily activities such as employment
Limited daily and recreational activities
Severe limitation of daily and recreational activities
Footwear requirements
Fashionable, conventional shoes, no insert required
Comfort footwear, shoe insert
Modified shoes or brace
MTP joint motion (dorsiflexion plus plantarflexion)
Normal or mild restriction (75° or more) 10

[=]

[=J

o ww

Moderate restriction (30°=74°) 5
Severe restriction (less than 30°) 0
IP joint motion (plantarflexion)
No restriction 5
Severe restriction (<10°) 0
MTP-IP stability (all direstions)
Stable 5
Definitely unstable or able to disiocate 0
Callus related to hallux MTP-IP
Mo callus or asymptomatic callus 5
Callus, symptomatic 0
Alignment (15 points)
Good, hallux well aligned 15
Fair, some degree of hallux malalignment observed, no symptoms 8
Poor, obvious symptomatic malalignment 0
Total 100

AOFAS = American Orthopaedic Foot and Ankle Society.
Grading: Excellent = 90—100 points; Good = 75—89 points; Fair = 60—74 points;
Poor = <60 points.

Figure 1. AOFAS questionnaire.
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The translation was conducted by two independent
translators and evaluated according to the criteria defined by
the recommendations proposed by Reichenheim & Moraes.

First, the questionnaire to be translated was identified.
Then, two independent Brazilian translators were hired,
aware of the objectives of the study, aiming at a conceptual
and not only literal translation of the instrument. After, two
independent American translators were hired, but they were
not informed about the objectives of the study to perform
the back-translation to verify if the Brazilian version could be
considered adequate to the standards used in the original
version.

The final version was prepared by a committee composed
of four foot and ankle specialists, two physiotherapists, and
an independent translator to verify a patient’s understanding
of the questions and answers to validate the processes
of translation, cultural adaptation, and application of the
guestionnaire among Brazilian patients (Table 1).

Table 1. Final questionnaire.

Final version
Pain (40 points)

None - 40
Mild, occasional - 30
Moderate, daily - 20
Severe, almost always present - O
Function (45 points)

Activities limitation
No limitations - 10
No limitation of daily activities, such as those performed at work,
limitation of recreational activities - 7
Limitation of daily and recreational activities - 4
Severe limitation of daily and recreational activities - O

Footwear requirements
Fashionable, conventional footwear, no insole required - 5
Comfortable footwear, with insole - 3
Adapted footwear or brace - O
MTP joint motion (dorsiflexion and plantarflexion)

Normal or mild restriction (75° or more) - 10
Moderate restriction (302 - 742) - 5
Severe restriction (less than 30°) - O

IP joint motion (plantarflexion)

No restricted - 5

Severe restriction (less than 10°) - O
MTP-IP stability (all directions)

Stable - 5

Definitely unstable or able to disiocate - O
Callus related to hallux MTP-IP

No callus or asymptomatic callus - 5
Callus, symptomatic - O

Alignment (15 points)
Good, hallux well aligned - 15
Fair, some degree of hallux malalignment, asymptomatic - 8
Poor, obvious symptomatic malalignment - O

Total: 100 points

Excellent: 90-100 points; Good: 75-89 points

60-74 points; Poor: < 60 points.
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The study’s methodological design can be seen in Figure 2.

The 36-ltem Short Form (SF-36) (Quality of Life) ques-
tionnaire was used to obtain a correlation and measurement,
which addresses eight categories based on physical and
emotional characteristics. This questionnaire consists of 36
items that evaluate functional capacity, physical aspects, pain,
general health, vitality, social, emotional, and mental health.
Other researchers have already translated and validated it
into Portuguese™.

Study population

After approval by the Institutional Review Board, 50 Brazilian
patients were evaluated in the orthopedics and traumatology
department of a tertiary hospital between 2019 and 2021. All
patients signed the informed consent form.

Inclusion criteria were patients over 18 years old, with
outpatient follow-up and clinical pathology diagnosis that
affects the hallux with confirmation by imaging exam (Figure
3). The exclusion criteria were acute trauma, currently using
immobilization cast or cognitive disorders that prevent the
application of the questionnaire, or those who did not accept
to sign the informed consent form.

Among the patients selected, there were no exclusions or
follow-up loss in the reapplication of the questionnaires.

AOFAS
Questionnaire

TRANSLATION
Two independent Brazilian
translators, aware of the objectives of
the study, aiming at a conceptual
translation

TRANSLATOR 1 TRANSLATOR 2

BACK TRANSLATION
Two independent American
translators, unaware of the objectives

BACK
TRANSLATOR 1

BACK
TRANSLATOR 2

of the study

Commitee revision
Four foot and ankle specialists, two
physiotherapists, and an independent
translator

Final version

| Pre-test - ten patients |

Figure 2. Methodological design.

Assessment of psychometric properties

Data were entered into Microsoft Excel software and
submitted to statistical analysis through specific software
to obtain reliable correlation parameters. The significance
level was 5%. The statistical package used was SPSS 24.0 for
Windows.

Initially, a descriptive analysis of all study variables was
performed. The qualitative variables were presented in terms
of their absolute and relative values, and the quantitative
variables in terms of their central tendency and dispersion
values. The Kolmogorov-Smirnov and Levene tests were
used to evaluate the adherence to the normal curve and the
homogeneity of the variances, respectivelyy?.

The Wilcoxon test was used to compare the first and second
values of each AOFAS domain since most variables did not
present the two principles satisfied above (Non-parametric
test). To evaluate the correlation between the SF-36 and
the AOFAS domains, in the first and second evaluations, the
Spearman correlation coefficient was used (because most of
the variables did not present the two principles described
above—Non-parametric) 1>,

The Kappa intraclass correlation coefficient (ICC) was used
to evaluate the first and second AOFAS concordance for
each domain, with its respective 95% confidence interval.
Cronbach’s alpha correlation coefficient was used to evaluate
internal consistency™>,

Results

Fifty patients were interviewed. Table 2 shows the des-
criptive analysis of age, sex, and diagnosis variables. The
results showed that most of the patients were women
diagnosed with hallux valgus.

Table 3 shows the mean with standard deviation and the
Kappa ICC with a 95% confidence interval and the significance
level. An excellent intraclass concordance for all domains was
observed.

Table 4 shows the comparison of the first and second AOFAS
results for each domain. The results showed no significant

Age: over 18 years old

Hallux clinical pathology
diagnosis

Patients
|

No surgical or medication
procedures in the last 15 days

50 selected patients

Figure 3. Patient’s selection.
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Table 2. Descriptive data analysis

Variables Total (n=50)

Age (years)

Mean (SD) 57.20 (12.39)

Minimum - Maximum 28 - 86
Sex (N2(%))

Women 36 (72.0)

Men 14 (28.0)
Diagnostic (N(%))

Rigid hallux 6 (12.0)

Hallux valgus 44 (88.0)

SD: standard deviation

Table 3. Intraclass correlation analysis of AOFAS questionnaire
domains

Pre Post

ICC (95%Cl) p-value

Mean (SD)

Pain 25.0 (10.5) 24.6 (10.3) 0.98(0.97;0.99) < 0.0001
Function 7.6 (2.9) 7.6 (2.9) 0.99 (0.98;1.00) < 0.0001
Shoes 6.6 (2.9) 6.6 (2.9) 1.00 < 0.0001
MTP 7.4 (3.4) 7.3 (3.4) 0.98 (0.96; 0.99) < 0.0001
motion

IP motion 3.7 (2.2) 392D 0.89 (0.82; 0.94) < 0.0001
Stability 4.6 (1.4) 4.4 (1.6) 0.78 (0.65; 0.87) < 0.0001
Calus 3.2(2.4) 31(2.5) 0.96 (0.93; 0.98) < 0.0001
Alignment 7.4 (4.7) 6.8 (4.6) 0.84 (0.73;0.90) < 0.0001
Total 65.5(231) 64.2(23.0) 0.98(0.97;0.99) < 0.0001

SD: standard deviation; ICC: Intraclass correlation coefficient; 95%Cl: 95% confidence interval;
p-value: significance level; MTP: metatarsophalangeal; IP: interphalangeal

difference between the first and second evaluations by the
Wilcoxon test in each domain (p > 0.05).

Table 5 shows Spearman’s correlation analysis of the first
and second AOFAS for each domain. A directly proportional
correlation was observed between the first and second
evaluations in each AOFAS domain.

Discussion

Standardizing an evaluation instrument for hallux injuries
is crucial due to the significance of these occurrences. The
hallux plays a vital role in balance, support, and strength
during walking, jumping, and other foot movements. Treat-
ments with less-than-expected results can cause lasting and
potentially limiting compromises in many activities®?.

Indeed, instruments that assess progress and outcomes
over time are crucial for tailoring the best approach for each
patient®. Measuring results based on the patient’s reports is
necessary in orthopedics, especially in foot-related injuries®-

The AOFAS scoring system is widely used in evaluating out-
comes following treatment for ankle and foot injuries. Given

98 U Foot Ankle. 2024;18(1):95-100

Table 4. First and second comparison of AOFAS domains

Pre Post . Lgv_elof o
significance
Pain
Mean (95%Cl) 25.0 24.6
(22.0;28.0)  (21.7;27.5)
Standard deviation 10.5 10.3 0.15
Minimum - Maximum 0-40 0-40
Function
Mean (95%Cl) 7.6 (6.8;85) 76 (6.7;8.4) 0.32
Standard deviation 29 29
Minimum - Maximum 0-10 0-10
Shoes
Mean (95%Cl) 6.6 (5.8;74) 6.6(5.8;74) 1.00
Standard deviation 5 29
Minimum - Maximum 0-10 0-10
MTP motion
Mean (95%Cl) 7.4 (6.4;84) 73(6.3;8.3) 0.32
Standard deviation 3.4 3.4
Minimum - Maximum 0-10 0-10
IP motion
Mean (95%CI) 3.7(31;43) 39(3.3,4.5) 0.16
Standard deviation 2.2 21
Minimum - Maximum 0-5 0-5
Stability
Mean (95%Cl) 4.6 (4.2;5.0) 4.4(3.9;4.9 0.5
Standard deviation 1.4 1.6
Minimum - Maximum 0-5 0-5
Calus
Mean (95%Cl) 3.2(25;39) 31(24;3.8) 0.32
Standard deviation 2.4 25
Minimum - Maximum 0-5 0-5
Alignment
Mean (95%Cl) 7.4 (6.0;8.7) 6.8(5.4;81D 0.19
Standard deviation 4.7 4.6
Minimum - Maximum 0-15 0-15
Total
Mean (95%CI) 65.5 64.2 0.04
(58.9; 72.1) (57.7; 70.8)
Standard deviation 231 23.0
Minimum - Maximum 0-93 0-93

MTP: metatarsophalangeal; IP: interphalangeal; 95%Cl: 95% confidence interval
Wilcoxon test

that patient input is integral to this assessment, ensuring clear
and accurate translation is essential to maintain the integrity
and reliability of the results. However, this instrument is not
yet available in many languages, and researchers must obtain
an adequate linguistic and cultural adaptation™. Although
widely used to evaluate foot pathologies in Brazil, the AOFAS
instrument for hallux pathologies has not yet been translated
and culturally adapted into Portuguese.
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Table 5. First and second Spearman’s correlation coefficient of AOFAS domains

Pain Function Shoes MTPampli
Pain 0.97" 0.78" 0.60" 0.61"
Function 0.75" 0.98" 0.43" 0.54"
Shoes 0.60" 0.46" 1.00" 0.45"
MTP motion 0.56" 0.52" 0.40" 0.97"
IP motion 0.45" 0.42" 0.33 0.62"
Stability 0.39” 0.37" 0.38" 0.39"
Calus 0.65" 0.55" 0.57" 0.29'
Alignment 0.46" 0.48" 0.32' 0.05
Total 0.91" 0.81" 0.66" 0.66"

ET Stability Calus Alignment Total
0.35° 0.37" 0.59" 0.47" 0.92"
0.37" 0.40" 0.48" 0.50" 0.80"
0.37" 0.37" 0.55" 0.28 0.68"
0.61" 0.20 0.30° 0.07 0.65"
0.89" 0.38" 0.41" 0.43" 0.58"
0.48" 0.80" 0.49" 0.38" 0.47"
0.38" 0.38" 0.96" 0.41" 0.70"
0.26 0.44" 0.40" 0.84" 0.51"
0.54" 0.42" 0.68" 0.51" 0.98"

MTP: metatarsophalangeal; IP: interphalangeal; *: p < 0.05; **: p 0.01.

Commonly, a literal translation might be sufficient for many
purposes; however, in the healthcare context, a cross-cultural
adaptation is crucial to ensure the intended methodology
is accurately maintained. This process allows a complete
understanding of the instruments without deviations from
the language adopted for research?.

Translating the AOFAS instrument is essential to ensure
uniformity in assessment among researchers from different
languages and facilitate result comparisons across diverse
populations, given its widely recognized effectiveness. Ho-
wever, clarity, reliability, and ease of interpretation are
essential standards to uphold during translation. A positive
point regarding the AOFAS instrument is that it is short,
and the questions are objective, which can be important
when seeking translation and cultural adaptation to other
languages‘®,

It is important to remember that the AOFAS questionnaire
has subdivisions to evaluate hindfoot and ankle, midfoot,
hallux, and smaller toes, each with specific sub-items for the
foot segment under study?. The AOFAS Ankle-Hindfoot
Scaleis the only part already translated and culturally adapted
into Portuguese ®. According to De Boer et al., the Ankle-
Hindfoot subdivision is responsive and valid in its original
language; however, studies suggested that its translation and
validation in other languages still need to be deepened@,

To evaluate the Ankle-Hindfoot AOFAS, De Boer et al.
conducted a study with 118 patients (three follow-up losses),
in which they analyzed the reliability, construct validity,
reproducibility, and internal consistency. Although the internal
consistency was considered inadequate, the subscales were
adequate. The validity of the constructs was 82.4% within
the study hypotheses, but their longitudinal validity was not
seen as appropriate. Their results indicate that the instrument
has good results when translated; however, more specific
criteria need to be adopted to evaluate results in long-term
longitudinal studies®.

Our study translated the AOFAS Hallux Metatarsophalan-
geal-Interphalangeal Scale to understand whether the trans-
lation can cause negative impacts that can be interpreted
inadequately and obtain results different from the reality of
each individual evaluated.

This study had a predominantly female population (72%),
a mean age of 57.2 years, and 88% with hallux valgus. The
epidemiological data follows the literature recognizing hallux
valgus as one of the most common diseases affecting the foot,
with high prevalence in several epidemiological studies. The
prevalence of this disease is known to be higher in women,
around 2.3 times higher than in men®™. The prevalence of
hallux valgus is increasing with age, confirmed by studies
demonstrating a prevalence of up to 74% in older populations®.

The intraclass evaluation showed an extremely close con-
cordance and a high reliability coefficient. The interobserver
concordance was extremely close, not being total in only
two items, “function” (7.6 vs. 7.5) and “ metatarsophalangeal
motion” (7.4 vs. 7.3). High concordance among the examiners
indicates that the questionnaire was well-designed, clear and
easy to understand in all phases of the study, both among the
researchers and participants. The high result can be further
explained due to the quantitative and, therefore, objective
assessment, as shown in the study by Rodrigues et al.®. The
validation and cultural adaptation protocol follows a well-
defined flowchart to ensure the quality and applicability of
the translation process. These sequential steps ensure that
different researchers find similar results when interviewing the
same participant, which was achieved in our study.

Itis important to verify that when applying the questionnaire
for the second time, the same researcher finds results
comparable to the first application for the same patient in the
same evaluation conditions. In our study, the results among
the domains were significantly similar in the first and second
evaluations by the Wilcoxon test. All intraclass evaluations
had a high concordance, with slightly lower stability and
alignment values than the other hallux AOFAS items.

The data in our study reinforce that having a reliable,
valid, and reproducible measurement instrument is crucial
for orthopedists across different locations to evaluate and
compare results qualitatively. To this end, patient-reported
outcome scores, such as the AOFAS score, have increased.
As an example of using this scoring system, a 2018 Persian-
language study evaluated 53 patients with ankle and hindfoot
conditions. In this study, Cronbach’s alpha coefficient was
0.696, which is considered an acceptable value and a reliable
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objective subscales test (Kappa). The test-retest reliability
measured by the ICC was 0.853 (p < 0.001), and the Pearson
correlation coefficient between AOFAS and SF-36 was
0.415 (p = 0.008). The data showed that the AOFAS Persian
translation demonstrated acceptable validity and reliability
without cultural adaptation?. These data corroborate the
success of the questionnaire translation process in the studied
population, just like our study, in which the translation proved
valid, acceptable, and reproducible.

Conclusions

The data collected affirm that the translation and cultural
adaptation of the AOFAS Hallux Metatarsophalangeal-Inter-
phalangeal Scale questionnaire for hallux pathologies were
conducted effectively. According to the established criteria,
the results showed that the instrument is valid with a very high
interobserver concordance and can be safely reproduced in
Portuguese.
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Abstract

Introduction: Lisfranc ligamentous injuries are common yet remain a diagnostic challenge. Automated analysis of weight-bearing
computed tomography (WBCT) images has been investigated to diagnose various pathologies. However, it has not been studied for
Lisfranc ligament injuries. The objective of the study was to examine whether automated WBCT analysis could demonstrate diagnostic
utility for these injuries.

Methods: Serial sectioning of Lisfranc complex ligaments was conducted on 24 cadaveric limbs to simulate Lisfranc injuries. WBCT
images were collected at each dissection condition under three loading conditions. Images were automatically segmented, and
automated measures of specific angles and distances in the midfoot were calculated using digitally reconstructed radiographs. These
were analyzed using repeated measures ANOVA and paired T-tests to identify significant differences between dissections at each
loading condition.

Results: Overall, minimal differences between dissection conditions were observed in automatically generated measures. Differences
in axial angles of the metatarsals in severe dissections were observed, and there were fewer differences in angular measures across
dissection conditions in fully loaded than unloaded conditions.

Conclusions: Automated analysis of WBCT images may indicate severe Lisfranc ligamentous injury but is insufficient to diagnose
ligament injuries without full capsule disruption. This lack of injury markers may be due to the imaging conditions, automated analysis,
or biomechanics of Lisfranc injuries. More alignment differences were seen under unloaded conditions, suggesting that weight-bearing
imaging may not be appropriate for this injury. Overall, automated analysis shows only minimal changes in alignment measures, and
additional study is necessary to improve diagnostic tools for Lisfranc injuries.

Evidence Level V; Mechanism-based reasoning.

Keywords: Lisfranc injury; Lisfranc diagnostics; Weight-bearing computed tomography; Midfoot biomechanics.

and M2). The LLC is a dynamic functional unit through which
multiple ligaments and joints contribute to the stability of the
midfoot, and injuries to a component of this complex may
destabilize the midfoot, causing differences in observed bony
alignment®7”. The transverse arch within midfoot architecture

Introduction

Lisfranc injuries are the second most common athletic foot
injuries due to direct high-energy trauma or low-energy
forces applied to a plantar flexed foot?#. Lisfranc injuries
are defined as injury to the Lisfranc ligamentous complex

(LLC), which consists of dorsal, interosseous, and plantar
ligaments that interconnect the medial and intermediate
cuneiform (C1 and C2) and first and second metatarsals (M1
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requires a tensile load for stabilization and articulation with
the forefoot. This tension is supplied by the dorsal, inte-
rosseus, and plantar ligaments, all of which connect the
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C1 and M2G&M  This ligamentous support is critical for
proper alignment between the midfoot and forefoot during
movement. The plantar ligament has been shown to be the
largest contributor to midfoot stability, and often, injuries
involving this section of the complex predispose to instability
that requires surgical correction®™?, Given the complexity
and translational relationship of the LLC, low-energy injuries
to isolated portions of this complex may not cause substantial
differences in the overall structure of the midfoot.

Due to this complexity, Lisfranc injuries are a diagnostic
challenge, with an estimated 20% of injuries being mis-
diagnosed at initial presentation®™. Misdiagnosis may lead
to delay in treatment and potentially worse long-term
outcomes?®, The most common clinical tool for Lisfranc
injury diagnosis is measuring the distance between the CI
and M2 as seen on bilateral weight-bearing radiographs®©619,
However, radiographs lack interpretation of 3D joint rela-
tionships, which seems compromised in Lisfranc injuries.
Weight-bearing computed tomography (WBCT) is an
acceptable modality to diagnose Lisfranc injuries, but 3D
analysis of WBCT images is limited by computational time
and personnel requirements®@2Y, Recently, automatic image
segmentation and 3D measurement analysis (Bonelogic,
Disior, Paragon 28, Englewood, CO) have been proposed as
a solution to these challenges and have been investigated in
various foot and ankle pathologies. This analysis has not been
studied for Lisfranc injury diagnosis, and beyond its utility as
a diagnostic tool, it may provide insight into the mechanical
function of the LLC ligamentous components in stabilizing
the midfoot.

The objective of this study is to examine differences in
automatically generated measurements in simulated ca-
daveric Lisfranc injuries to determine the feasibility of this
analysis as an adjunct diagnostic tool.

METHODS
Specimen preparation

After approval from the Institutional Review Board, 24
through-knee cadaveric specimens (12 matched pairs) were
obtained for the study. Inclusion criteria included male
cadavers ages 18 to 65 years with a body mass index (BMI)
of less than 30. Exclusion criteria disqualified individuals
with previous foot and ankle injuries, neoplastic bone
involvement, or surgeries to the lower extremity. An external
fixator consisting of an llizarov apparatus using four 1.5 mm
Kirschner wires held in a radiolucent frame was attached to
each specimen to keep them in a plantigrade position®?2®,

Serial dissections

To simulate reproducible isolated Lisfranc ligamentous
injuries, a stepwise serial dissection of the Lisfranc complex
was carefully performed by a board-certified fellowship-
trained orthopedic surgeon. The process began with a
dorsal incision to visualize and confirm the intact Lisfranc
complex. The serial dissection occurred in the following
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order: dorsal ligament connecting C1 to M2 (Condition D1),
interosseous ligament connecting C1 to M2 (Condition D2),
and plantar ligament connecting C1 to M2 and M3 (Condition
D3). The initial three conditions simulated individualized
interruption of the three primary stabilizing components
of the Lisfranc complex®, After serial dissection of these
three main components, the capsules of the first and second
tarsometatarsal joints (TMT1and TMT2, respectively) and the
medial-middle inter-cuneiform ligament were dissected in a
randomized order (Condition CD). This condition involved
the complete dissection of midfoot Lisfranc joint soft tissue
support structures and was used for statistical comparison
of a fully dissected ligament complex, even though it is not
representative of a typical injury mechanism.

Image acquisition

Before dissection and following each dissection step
(conditions D1-CD), WBCT scans were acquired under three
weight-bearing (loading) conditions. The load was applied
using weights placed on top of the external fixator. The three
loading conditions were unloaded (O kg), partially loaded (40
kg), and fully loaded (90 kg). The load amounts were chosen
to provide a reasonable estimation of body weight while
conserving the specimen for serial dissection and imaging.
WBCT images were collected using a pedCAT (CurveBeam
LLC; medium view, 0.3 mm slice thickness, 0.3 mm slice
interval, kVp 120, mAs 22 - 62), totaling 360 WBCT images.

Image segmentation and analysis

After WBCT images were obtained with all dissection and
loading conditions, images were segmented automatically
from manually labeled seed points on each bone (Bonelogic,
DISIOR, Paragon 28, Englewood, CO). 3D models were
exported from these segmentations and manually inspected
for accuracy (Mimics, Materialize, Leuven, Belgium). Segmen-
ted images were used to generate digitally reconstructed
radiographs and automatically calculate specific angle and
distance measurements in the midfoot (Bonelogic, DISIOR,
Paragon 28, Englewood, CO). The nine midfoot measurements
calculated and analyzed were the MI1-M2 intermetatarsal
angle in the axial and sagittal planes, TMT1 and TMT2 angles
in the axial and sagittal planes, TMT1 minimum joint space, M1
torsion, and M1 internal rotation (Figure 1).

Data analysis

A repeated measures ANOVA was used to examine diffe-
rences between dissection conditions for each outcome
variable at each loading condition. The repeated measures
ANOVA was chosen due to a stepwise progression through
dissection conditions, where there are more dissected
ligaments at each subsequent condition. By comparing
each measure to earlier measures of the same specimen, the
repeated measures ANOVA normalizes data and accounts
for within-subject variability to provide a more accurate
data analysis than a traditional ANOVA®», ANOVA analysis
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Figure 1. Digitally reconstructed radiographs from DISIOR showing the automatically calculated measures of (A) axial plane angle between

the first and second metatarsal, (B) axial plane angle between the medial cuneiform and first metatarsal (first tarsometatarsal joint),

(C) axial plane angle between the intermediate cuneiform and second metatarsal (second tarsometatarsal joint), (D) minimum joint

space in the first tarsometatarsal joint, (E) sagittal plane angle between the first and second metatarsals, (F) sagittal plane angle of

the first tarsometatarsal joint, (G) sagittal plane angle of the second tarsometatarsal joint, (H) first metatarsal torsion, and (I) first me-

tatarsal internal rotation.

used a significance value of o = 0.05. Following the repeated
measures ANOVA, all combinations of outcome variables
and loading conditions that showed a significant difference
between dissection conditions were further analyzed using
paired t-tests as a post-hoc analysis to compare each
combination of dissection conditions. This step provides a
detailed understanding of which injury types could be diffe-
rentiated using each output condition. While existing studies
using DISIOR typically use a significance value of 0.05@52®,
these post-hoc paired t-tests used a significance value of
o = 0.01 due to the high number of comparisons made in this
analysis. This does not reflect a mathematical correction, as
a Bonferroni correction is too conservative for this use, but
it does reduce the likelihood of false significance findings®”.
Using paired t-test for this post-hoc analysis retains the
within-subject comparison of the repeated measures ANOVA
and determines at what points the differences are signi-
ficant, not just which outcomes had significant change at
some point in the dissection. This effectively tests not just
the mechanical changes to the joint structure but also the
severity of injury needed to identify the injury using these
methods. Statistical tests were conducted using raw data
because both the repeated measures ANOVA and paired

t-tests intrinsically account for within-subject variability, but
data was normalized for graphical representation to illustrate
the changes between conditions better.

Results

Repeated measures ANOVA showed significant differences
between dissection conditions for the TMT1 axial angle in all
three loading conditions, the TMT2 axial angle in all three
loading conditions, and both the intermetatarsal axial angle
and the M1 sagittal angle at the unloaded condition only. All
other outcome variables did not show statistically significant
differences among dissection conditions at any loading
condition. The mean and standard deviation for all outcome
measures at each dissection and loading condition are given
in Table 1, and all p-values for repeated measure ANOVA tests
for differences between any two dissection conditions at
each loading condition are given in Table 2.

Post-hoc analysis of the intermetatarsal sagittal angle
in the unloaded condition showed a significant difference
between the complete dissection condition (CD) and each
of the other dissection conditions (D1, D2, and D3) but not
the undissected condition (UND). The intermetatarsal angle
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TMT1 Sagittal TMT2Sagittal TMTIAxial TMT2Axial  MiTorsion Ml Rotation TMTIMin Joint Space

Mean SD

UND 1012 290 127 240 912 284 608 318 -24.85 309 -23.89 4.96 1765 530 -3.42 7.95 112 0.10

= Il 1019 277 126 250 931 292 624 279 -2479 3.02 -2372 473 1753 6.54 -2.38 572 114 0.16
E D2 10.08 288 101 260 10.08 369 6.83 291 -2451 3.04 -23.63 4.86 17.74 762 -297 781 117 013
=l D3 1023 280 116 253 980 246 671 291 -2430 3.69 -2318 502 1838 747 -219 6.62 115 0.10
cb 982 248 215 241 901 282 681 270 -23.04 425 -22.76 500 1739 1237 -2.07 1289 120 on

i) UND 1049 300 167 235 912 275 6.44 285 -2462 319 -23.42 494 1719 724 -2.53 898 112 013
?g D1 1059 295 174 238 912 271 6.59 291 -2467 3.05 -23.30 495 1820 813 -457 1250 115 013
;>-' D2 1071 298 173 241 946 293 691 262 -2434 322 -2303 491 1796 735 -1.08 798 117 0.08
'-E D3 1074 281 173 234 960 257 6.92 273 -2410 3.58 -22.92 500 1821 711 -330 809 115 0.09
Bl D 1062 263 196 219 928 306 671 270 -23.82 439 -2274 523 1943 882 -422 656 116 0.08
UND 1073 296 192 233 896 278 6.63 279 -2480 3.31 -2325 506 1741 584 -291 522 113 013

E D1 10.81 290 176 233 927 281 6.58 298 -24.63 3.28 -2318 4.96 1747 6.47 -2.46 7.86 112 013
_i D2 1080 298 171 240 948 299 6.97 247 -2426 348 -2281 508 1810 799 -379 858 m 0.15
=@l D3 1084 287 172 241 957 293 691 276 -2395 374 -2267 517 1721 603 -204 7.99 110 0.23
CD 1051 268 202 231 926 335 6.83 276 -2374 495 -2264 539 1737 1263 -220 1246 114 0.10

C1: Medial cuneiform; C2: Intermediate cuneiform; M1: First metatarsal; M2: Second metatarsal; TMT1: First tarsometatarsal; TMT2: Second tarsometatarsal
Serial dissection conditions consist of undissected (UND), dissection of C1-M2 dorsal ligament (D1), dissection of C1-M2 interosseous ligament (D2), dissection of C1-M2 and M3 plantar ligament (D3),
and complete dissection of the TMT1 and TMT2 joint capsules and the medial-middle inter-cuneiform ligament (CD).

Table 2. P-values for repeated measures ANOVA of each outcome
value and loading condition across the four dissection conditions.
Tests showing statistical significance are in bold and represent
any outcome measure under a specific loading condition with a
significant difference between at least two of the five dissection

conditions.
Partiall Full
Outcome Measure Unloaded Loade dy Loa dz d
Intermetatarsal axial angle 0.170 0.404 0.347
Intermetatarsal sagittal angle 0.002 0.205 0.352
TMT1 axial angle < 0.001 0.034 0.044
TMT1 sagittal angle 0.035 0.136 0.225
TMT2 axial angle < 0.001 0.010 0.024
TMT2 sagittal angle 0.013 0.184 0.307
TMT1 rotation 0.837 0.269 0.762
TMT1 torsion 0.795 0.283 0.853
TMT1 minimum joint space 0.058 0.361 0.684

TMTI: First tarsometatarsal; TMT2: Second tarsometatarsal.

value was significantly greater in condition CD than in the
other three dissection conditions. The TMT1 sagittal angle
in the unloaded condition showed a significant difference
between the UND and dissection D3, where the angle was
greater in dissection D3 than in the UND. P-values for each of
these comparisons are given in Table 3.

Post-hoc analysis of the TMT1 axial angle at the unloaded
condition yielded a significantly increased angle axial angle
in dissection condition CD than in each other dissection
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condition, including the UND. However, there were no
significant differences between dissection condition CD
and any other dissection condition in the partially and fully
loaded conditions. In the partially loaded condition, the angle
was significantly greater under dissection condition D3 than
condition D1. In the fully loaded condition, conditions D2
and D3 had significantly greater angle measurements than
condition D1. P-values for the TMT1 post-hoc tests of all three
loading conditions are given in Table 4.

Post-hoc analysis of the TMT2 axial angle in the unloaded
condition revealed significantly greater angle measurements
in dissections D3 and D4 than in the UND or dissection D1.
The significant increase in axial angle between the UND
and conditions D3 and D4 was also present in the partially
loaded condition. There were significant differences between
dissection condition D3 and the UND and condition D1 in the
fully loaded state. P-values for the TMT2 post-hoc tests in all
three loading conditions are given in Table 4.

Discussion

Given the difficulties in subtle Lisfranc injury diagnosis and
the long-term implications of missed injuries, an improvement
in diagnostic methods is needed. Automated analysis
pipelines may overcome the logistical barrier preventing
3D image analysis, but thus far, they are not effective as
adjunctive diagnostic tools. This study investigated auto-
matically generated measures of 3D alignment as indicators
of simulated presence and severity of Lisfranc injury. Se-
veral individual joint angles within the midfoot showed
significant differences with simulated Lisfranc injuries, but
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the change in these outcome measures was minimal. Most
of the significant differences were seen in comparisons that
included the complete dissection (CD) condition, and no
outcome measures showed significant differences between
all sequential ligament dissections. While several outcome
measures showed significant differences between CD and
UND or CD and early dissection conditions (D1 or D2),
these differences are not clinically relevant because the CD
condition is not representative of a known injury mechanism.

Table 3. Post-hoc analysis of the intermetatarsal sagittal angle,
first tarsometatarsal sagittal angle, and second tarsometatarsal
sagittal angle in the unloaded condition showing p-values from
paired t-tests comparing each pair of dissection conditions. Tests
showing statistical significance are in bold.

No outcome measures showed significant differences
between UND and D1, and only TMT2 axial and sagittal
angles showed significant differences between UND and D2.
However, neither measure showed significance between D2
and any other dissection condition. TMT1 sagittal and TMT2
axial angles showed significant differences between UND and
D3, and the TMT2 axial angle additionally had a significant
difference between D1 and D3 with a trend of decreasing
magnitude of this angle measure with progressive dissection
conditions while unloaded. More significant differences were
observed under unloaded conditions than in partially or fully
loaded conditions. This contradicts the belief that weight-
bearing imaging improves diagnostic accuracy and suggests
that load may stabilize the midfoot and mask subtle structural
changes.

The poor ability of this analysis to distinguish between
simulated subtle injury conditions may be caused by many
factors. As mentioned, weight-bearing imaging may not be

Comparison Illtaer.tmtellatarsal THTI sagittal TMT2 sagittal ideal for identifying Lisfranc injuries. The outcome measures
AL angle angle tested in this study were chosen based on ease of use, as
UND - D1 0.878 0.372 0.485 they are the automatically generated midfoot measures from
UND - D2 0104 0.024 0.003 this software with the assumption that manually calculated
UND - D3 0.475 0.003 0.015 3D measures would not be clinically transferrable due to
UND - CD 0.015 0.786 0.024 the time and skill needed to complete a manual analysis.
D1-D2 0.136 0.075 0.020 However, these measures may not be the most effective for
D1-D3 0.432 0.019 0.036 identifying the alignment change caused by subtle Lisfranc
D1-CD 0.008 0.435 0.026 injuries. Further, bony alignment may be a poor measure of
D2 - D3 0.413 0.519 0.915 Lisfraqc complex stability. under‘ any -imagin-g modaIiFy or
D2 -CD 0.002 0.037 0770 anal¥§|s tgchnlqug. The midfoot |‘s a hlghly k?lomechanlcally
stabilized joint, with redundancy in stabilization through the

D3 - CD 0.002 0.042 0.684

Cl: Medial cuneiform; C2: Intermediate cuneiform; M1: First metatarsal; M2: Second metatarsal;
TMTI: First tarsometatarsal; TMT2: Second tarsometatarsal.

Serial dissection conditions consist of undissected (UND), dissection of C1-M2 dorsal ligament
(D1), dissection of C1-M2 interosseous ligament (D2), dissection of C1-M2 and M3 plantar ligament
(D3), and complete dissection of the TMT1 and TMT2 joint capsules and the medial-middle inter-
-cuneiform ligament (CD).

many articulations and ligaments in the Lisfranc complex and
surrounding areas of the foot®. Without substantial change
in bony alignment, the challenges of Lisfranc diagnosis
from radiographs would not be remedied by computed

Table 4. Post-hoc analysis of the first and second tarsometatarsal axial angles at each loading condition showing p-values from paired

t-tests comparing each pair of dissection conditions. UND represents the undissected condition, and D1, D2, D3, and CD represent the

serial dissection conditions. Tests showing statistical significance are in bold.

TMT1 Axial Angle TMT2 Axial Angle
Comparison
Unloaded Partially Loaded Fully Loaded Unloaded Partially Loaded Fully Loaded

UND - D1 0.619 0.043 0.428 0.095 0.257 0.517
UND - D2 0.049 0.033 0.025 0.189 0.017 0.002
UND - D3 0.087 0.014 0.030 0.001 0.004 0.001
UND - CD < 0.001 0.036 0.057 < 0.001 0.003 0.024
D1-D2 0.108 0.016 0.006 0.640 0.078 0.016
D1-D3 0.122 0.009 0.004 0.006 0.021 0.002
D1-CD < 0.001 0.036 0.055 0.003 0.028 0.063
D2 - D3 0.491 0.191 0127 0.054 0.533 0.419
D2 -CD 0.002 0.162 0.231 0.010 0.268 0.565
D3-CD 0.001 0.338 0.590 0.076 0.335 0.885

C1: Medial cuneiform; C2: Intermediate cuneiform; M1: First metatarsal; M2: Second metatarsal; TMTT. First tarsometatarsal; TMT2: Second tarsometatarsal
Serial dissection conditions consist of undissected (UND), dissection of C1-M2 dorsal ligament (D1), dissection of C1-M2 interosseous ligament (D2), dissection of C1-M2 and M3 plantar ligament (D3),
and complete dissection of the TMT1 and TMT2 joint capsules and the medial-middle inter-cuneiform ligament (CD).
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tomography imaging. More accurate diagnostic imaging may
require soft tissue imaging modalities.

Previous research has demonstrated that the plantar
ligament of the LLC is important in providing midfoot
stability and that disruption of this ligament likely contributes
to the instability of the midfoot that necessitates surgical
fixation®"2®, This importance of the plantar ligament is
supported by our data showing significant changes from the
UND in TMT1 sagittal and TMT2 axial angles only in conditions
where the plantar ligament had been dissected (dissection
conditions D3 and D4). While these data suggest that the TMT1
sagittal and TMT2 axial angles may be relevant for diagnosing
more severe Lisfranc injuries, the lack of difference to other
dissection conditions is concerning because the angles may
not be different enough for identification without having an
uninjured control for comparison. Further, the more severe
Lisfranc injuries are less likely to be missed using current
diagnostics than subtle injuries, so the analysis may not be
worthwhile if it can only identify severe injuries that may be
seen using simpler diagnostic tools.

Weight-bearing imaging is commonly believed to be su-
perior to non-weight-bearing imaging in the foot and
ankle®223% However, these data contradict this theory as there
were a greater number of significant differences in outcome
measures under unloaded conditions than under partially or
fully loaded conditions, which may be due to the ability of the
midfoot to distribute static load across bone rather than soft
tissue to ensure proper alignment across dynamic movement.
This indicates that non-weight-bearing imaging may have a
role in investigating Lisfranc injury diagnostics.

While this study offers insight into the pathological changes
in midfoot angles in Lisfranc Injuries, several limitations exist.
The automatic analysis software used for this study has
not been robustly validated. Studies have shown promising
reliability between automatically generated and manually
calculated measurements, but the image segmentations used

to calculate these measures have not been validated®®,
Additionally, some potentially valuable measures, such as
rotation of the TMT2 joint, were not available. However, the
objective of this study was to observe if the automatic ana-
lysis, even with unknown intrinsic error, would prove to be a
useful diagnostic tool. The comparisons made in this analysis
are to undissected conditions of the same specimen and thus
normalize for much of the population variation in midfoot
alignment, but comparisons of these actual measures to
population means may not be appropriate. This study did not
investigate using an uninjured contralateral limb as a control
for comparison, but that may be a way to alleviate this concern.
As previously mentioned, the complete dissection condition
(CD) did not represent a known injury mechanism, as Lisfranc
injuries involving both the inter-cuneiform ligament and TMT
capsule are uncommon@3%, While it is a beneficial statistical
comparison for this analysis, this dissection condition has
limited application for understanding clinical presentation.
Cadaveric models with simulated injuries are limited by their
lack of active muscle contractions that may contribute to
detecting Lisfranc injuries and by the absence of comorbid
foot deformity or additional injury that may complicate the
findings for a subtle Lisfranc injury.

Conclusion

Automatic analysis of 3D imaging is an exciting advancement
that may allow for more detailed clinical analysis of foot
alignment for subtle injury diagnosis. However, these data do
not support using this technology as an adjunct diagnostic
tool for Lisfranc injuries. This may be due to the outcome
measures included in this analysis, the potential masking of
injury under weight-bearing, or the mechanism of the injury
itself. These data support further investigation of the role of
weight-bearing vs non-weight-bearing imaging in midfoot
injuries and the potential utilization of non-bony imaging
methods to improve Lisfranc injury diagnosis.
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weightbearing CT data, data analysis, manuscript writing; MRR: Data analysis, statistical analysis, manuscript writing; TJR: Study design, image processing of
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Intramedullary nailing as osteosynthesis technique for
the fibula in total ankle arthroplasty via lateral approach

Alberto de Castro Carrasco'”, Patricia Dominguez Dorado'"”, Laura Anta Martinez'"*’, Carmen Alvarez-Val'

1. Universitary Hospital Complex of Santiago de Compostela, Santiago de Compostela, Galicia, Spain.

Abstract

Objective: To describe a variation in the final osteosynthesis technique for total ankle replacement (TAR) implantation through lateral
approach.

Methods: We retrospectively reviewed a series of cases dated between January 2022 and May 2023 in which intramedullary nailing was
used as the osteosynthesis technique for the fibula during TAR implantation via lateral approach.

Results: In all cases, skin scarring and soft tissue recovery to baseline were achieved in one and a half month to three months.
Consolidation of the fibula occurred at an average of three months. No material was removed in any of the cases to date. Finally,
patients were satisfied, resuming their previous activities.

Conclusion: To our knowledge, this study is the first to investigate a modification of the osteosynthesis technique in the lateral approach
to TAR. We believe the intramedullary nail for the fibula may be a useful tool to prevent soft tissue complications, requiring prospective

and comparative studies to evaluate its efficacy.

Level of Evidence IV; Therapeutic Studies; Case Series.

Keywords: Total ankle replacement; Soft tissue complications; Osteosynthesis technique; Fibula.

Introduction

The advent of modern total ankle replacement (TAR)
led to an exponential increase in the use of this emerging
technology over the past two decades in the United States
and abroad®?. Although mechanical and instrumental design
has improved with recent designs®®, perioperative skin and
soft tissue complications remain a concern®®,

It has been reported that wound complications occur in
6.6% to 28% of patients after total ankle arthroplasty®. Soft
tissue impairment following TAR, in the form of dehiscence
or wound failure, may lead to potentially devastating
consequences, such as periprosthetic infection, implant
failure, and amputation, which is the most feared sequela.

The purpose of the present study is to describe a variation in
the final osteosynthesis technique for TAR implantation through
lateral approach. We hypothesize that using an intramedullary
nail as osteosynthesis technique for the fibula in the lateral
approach can reduce soft tissue problems and consequently
decrease the current rate of related reintervention.

Methods

All TARs were performed at our institution, by foot and
ankle surgeons with extensive experience in TAR. The most
used TAR design at our center is the Trabecular Metal™ Total
Ankle (Zimmer Biomet - Zimmer, Waesaw, Indiana, USA)
via lateral approach. After obtaining institutional review
board approval, we retrospectively reviewed a series of
cases dated between January 2022 and May 2023 in which
intramedullary nailing was used as the osteosynthesis
technique for the fibula during TAR implantation via lateral
approach. The intramedullary nail used was the fibular nail
system by Acumed’ (Hillsboro, Oregon) (Figure 1). The
rest of the surgical technique was developed as described
in protocols, with the use of an external fixator and
intraoperative radiological control, only changing the final
fibular synthesis technique.

This case series includes six patients with clinical follow-
up of at least six months and at most one and a half year.
Preoperative patient demographics, comorbidities, smoking
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status, American Society of Anesthesiologists (ASA) score,
and body mass index (BMI) were analyzed.

Postoperatively, all patients were placed in a non-weight-
bearing short-leg cast for four weeks. Thereafter, weight-
bearing was allowed wearing a controlled ankle movement
(CAM) walking boot as tolerated by patients, and all patients
participated in a rehabilitation program. Clinical outcomes,
including wound healing, fibular consolidation, and range of
motion, were recorded. Similarly, outcomes were recorded
in terms of patient satisfaction, residual pain, and return
to previous baseline activity. Pain was assessed using a
visual analog scale (VAS) ranging from O (no pain) to 100
(maximum pain).

Results

The average age in the six cases presented was 65 years
(range 60 to 78), the average BMI was 29.5, and the smoking
rate was zero. Five of the six cases had an ASA score of Il,
while the sixth patient was 78 years old and had an ASA score
of Ill. Four of the six cases had two days of hospitalization,
while the remaining two cases were hospitalized for 4 to 6
days solely due to poor pain control. In all cases, only one
ischemia was required, so that in none of the cases the
operation time exceed two hours.

In all cases, skin scarring and soft tissue recovery to baseline
were achieved sometime between one and a half month
and three months. None of the cases required additional

surgery, and only one case used a wearable negative pressure
dressing (Avelle” - Convatec, Ciudad Auténoma de Buenos
Aires, Argentina) for one week.

Consolidation of the fibula occurred at an average of
three months. Only in one case did the consolidation of the
fibula collapse. No complaints related to the osteosynthesis
material were reported in any of the cases, and no material
was removed in any of the cases to date. Finally, in all cases,
patients were satisfied, achieving 20 grades of motion and
resuming their previous activities.

Discussion

TAR has been increasing in popularity as an alternative to
arthrodesis for the management of ankle arthritis®'®, but
postoperative wound complications and soft tissue instability
can be a challenging clinical scenario. The skin of the dorsal
ankle can be unyielding because it has limited mobility after
surgery; it is also thin and lacks significant muscle mass™. For
this reason, even minor wounds can expose the underlying
tendons and neurovascular structures, which in turn can
lead to deep infections and implant failure. On the other
hand, intramedullary nailing is a minimally invasive technique
that provides stable fixation and reduces the risk of soft
tissue complications. Therefore, in this report, we used
this osteosynthesis technique with the aim of reducing the
rate of soft tissue complications reported in literature. The
main advantage of this technique is that it is not a plate with

Figure 1. Anteroposterior (A) and lateral (B) projections of Trabecular Metal™ TAR and fibular nail system postoperative control.
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screws that protrudes on the skin and may cause discomfort,
but an intramedullary system. This may be related to the fact
that no patient in our series experienced discomfort with
the osteosynthesis material, and none of these had to be
removed. One of the concerns after osteotomy is nonunion.
At follow-up three months after surgery, we confirmed bone
union at the osteotomy site.

In addition, tourniquets are commonly used in foot and ankle
surgery, and, although the time at which a tourniquet is applied
has not been associated with serious wound complications in
the foot and ankle, it has been widely discussed in total knee
arthroplasty®™'®, For this reason, Gross et al.®® advocate limiting
tourniquet time. In this sense, the use of an intramedullary nail
instead of an osteosynthesis plate did not lead to an increase
in operative time, since none of the cases required a surgical
procedure lasting more than two hours.

Regarding the smoking status, Known et al.™® published
the first data showing an association between smoking and
prolonged hospitalization after TAR. Whalen et al.® studied
57 consecutive total ankle arthroplasties with a wound
complication rate of 28%. Analysis of various risk factors
included cardiovascular disease, peripheral vascular disease,

and a smoking history of more than 12 pack-years. In contrast,
none of the patients in our case series were recorded as
smokers, so smoking could be excluded as a cause of soft
tissue complication and prolonged hospitalization in our
series.

In the end, this study has several limitations. First, it
is a retrospective study of a series of cases, with all the
associated weaknesses. No control group was formed to
allow comparison with other established forms or treatment
tools. Finally, the population collected is heterogeneous in
terms of age and level of previous activity; it is also a short
series of patients.

Conclusions

To our knowledge, this study is the first to investigate a
modification of the osteosynthesis technique in the lateral
approach to TAR. We believe that the intramedullary nail
for the fibula may be a useful tool to prevent soft tissue
complications, requiring prospective and comparative studies
to evaluate its efficacy.
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Epidemiological study of patients with diabetic foot
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Abstract

Objective: Describe the epidemiological profile of patients with diabetic foot registered and followed in an orthopedic outpatient clinic.

Methods: A retrospective study was conducted, analyzing the medical records of 500 patients. The reason for the initial consultation,
age, smoking, alcoholism, body mass index, sex, type of diabetes, and need and type of surgery were analyzed.

Results: The reason for the initial consultation was foot ulcer in 198 patients (39.6%), followed by infection in 122 (24.4%). One hundred
and twenty patients (24%) had Charcot arthropathy and 60 (12%) diabetic neuropathy. Most patients were male (67.2%), and the mean
age was 65 years, with almost 70% over 50 years in initial care. The mean body mass index was 26.11. Most patients reported being
non-smokers (81.4%) and non-alcoholics (85.2%). Type |l diabetes predominated (94.4%). Amputations were performed in 306 patients
(81.4%) at some point during outpatient follow-up, being classified as minor in 182 patients (59.5%) and major in 124 (40.5%).
Conclusion: Most patients at the diabetic foot outpatient clinic are men aged over 50 years, non-smokers and non-alcoholics, and with
a slightly high body mass index of 26.1. They have already attended the outpatient clinic with foot complications and suffered some
level of foot amputation.

Level of Evidence IV; Therapeutic Studies; Case Series.

Keywords: Diabetic foot; Epidemiology; Complications.

Introduction estimated that, annually, in the US and the UK, this expenditure
reaches 11 billion dollars and almost half a billion dollars,
respectively®. In Brazil in 2014, this expenditure exceeded
500 million reais®. Investing in preventing diabetic foot is
deemed essential for mitigating associated complications

Diabetes Mellitus is a chronic disease with high prevalence
in Brazil and worldwide®®, In 2021, according to the Inter-
national Diabetes Federation, one in ten adults had diabetes.
According to the organization, diabetes in adults between 20
and 79 years old tripled between 2000 (4.6% worldwide) and and reducing consequent healthcare expenses®>. According

2021 (10.5% worldwide). In Brazil, this number is estimated to ~ t© Al-Rubeaan et al.”, implementing programs to prevent
be 15.7 million®. diabetic foot syndrome can reduce the amputation rate by

. . . . . to 70%.
Among the complications, peripheral arterial disease and up to °

neuropathy are responsible for diabetic foot syndrome, The medical records of patients registered in the foot and
which includes ulcers, Charcot arthropathy, and infection ankle group were evaluated to understand the profile of
that may end in amputation®. The importance of diabetic patients who attend the diabetic foot outpatient clinic at our
foot extends beyond the impact on individuals; it is also a institution and to outline an adequate prevention program
public health concern®®, Almost 25% of health expenditures for the future. The initial impression is that the patients who
in the diabetes population are due to foot complications. It is attend our outpatient clinic are, for the most part, type Il
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diabetics, obese, and smokers, and the attendance is already
to treat some complications, and they do not fit into a
prevention program for wound and foot amputation.

The objective of the study is to describe the epidemiological
profile of patients with diabetic foot registered and followed
in an outpatient clinic of the foot and ankle group of the
Department of Orthopedics of Santa Casa de Misericordia de
Sao Paulo.

Methods

This study was approved by the Institutional Review Board
under the number 69935823.3.0000.5479. The first 1000
patients registered at the outpatient clinic were analyzed.
The data collected were obtained from the medical records
routinely updated at each new consultation.

The following data were analyzed: the age the patient started
follow-up at the outpatient clinic, sex, type of diabetes, body
mass index (BMI), habits (smoking and alcoholism), regular
control of diabetes, use of insulin therapy, history of ulcers
(evaluating the site of lesions and possible recurrences),
presence of Charcot arthropathy and its classifications
(anatomical and evolutionary of Einchenholtz)®'», and
previous surgery. Other diabetes-related factors were also
noted, such as ophthalmological, renal, and vascular disor-
ders, which were reported by the patient. If amputation
was performed, what was the reason for it, and what was
the level of amputation. The reason for initial care was also
documented and classified into peripheral neuropathy (only
loss of sensation without other disorders), ulcer, infection, or
Charcot arthropathy. When there were two of these disorders
in the initial care, we considered this reason in the following
order: Charcot arthropathy, infection, ulcer, and loss of
sensation.

The BMI was calculated based on the weight performed
at the patient’s last visit. Six groups were considered:
underweight, BMI less than 18.5; ideal weight, BMI between
18.6 and 24.9; slightly overweight, BMI between 25.0 and 29.9;
grade | obesity, BMI between 30.0 and 34.9; grade |l obesity,
BMI between 35.0 and 39.9; and grade Ill obesity (morbid),
BMI above 40. The patients were considered smokers when
they declared smoking daily. The patients were considered
alcoholic when there was daily declared alcohol intake.
Adequate regular control of diabetics was defined as clinical
outpatient visits every four months at least. Recurrent ulcer
was defined as the appearance of a new ulcer in the same
foot with previous involvement, regardless of whether or
not it was on the same topography as the last. Appropriate
footwear was considered when the patient came to the
outpatient clinic with the correct shoe, insole, or orthosis
suitable for the level of amputation. Charcot arthropathy and
its classifications were detected from the changes seen on
the foot and ankle radiographs (in amputees, the radiographs
before amputation were considered). Minor amputation was
defined when part of the foot was preserved, while major
amputation was considered when amputation was performed
at the level of the tibia or more proximal. Ophthalmological
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and renal disorders were determined by the self-declaration
of any problem that the person feels regarding the vision and
any diagnosis by other medical services related to the urinary
tract.

Patients without written records or with incomplete data,
those who did not return after the first consultation, or those
who lost follow-up after some consultations were excluded
from the study. Therefore, data from patients who did not
maintain outpatient follow-up were excluded from the study.
Patient data were tabulated and evaluated after applying
the inclusion and exclusion criteria. In some of these medical
records, when data regarding visual acuity, renal function,
smoking, weight, and height were not described, but the
group considered that it would be possible to include the
patient in the study due to the other parameters described, this
patient was included in the analysis. We report, therefore, that
some of this information is unknown in the results and tables.

Results

The reason for the initial care among the 500 patients
who maintained outpatient follow-up was foot ulcer in 198
patients (39.6%), and the second reason was infection in
122 patients (24.4%). In 120 (24%), Charcot arthropathy in
different stages was the cause for attendance, and 60 (12%)
patients had diabetic neuropathy without other comorbidities
in the foot. Three hundred and thirty-six patients were male
(67.2%). The mean age was 65 years (ranging from 20 to 85
years), with almost 346 patients (70%) older than 50 years
in initial care. Excess weight was a common characteristic,
with a mean BMI of 26.11, noting that not all patients reported
their weight (this information was available in 443 medical
records). Most reported that they were non-smokers (81.4%;
407 patients) and non-alcoholics (85.2%; 426 patients). Type
Il diabetes predominated in the cases evaluated (94.4%; 472
patients). However, only 331 patients reported regular clinical
visits (62.2%), and 18 did not know how often they visited the
regular clinic to control diabetes (Table 1).

A minority of patients failed to comply with the recom-
mendation for regular fundus examinations, leading to a lack
of clinical data regarding their vision. In addition, a portion
did not adhere to the laboratory tests indicated to evaluate
renal function, while another portion neglected the vascular
evaluation, resulting in a lack of information about these
complications. Table 2 shows the data collected regarding
visual acuity, renal function, and vascular disorders.

Amputations were performed in 306 (81.4%) patients at
some point during outpatient follow-up, being classified as
minorin 182 (59.5%) patients and major in 124 (40.5%). Eighty-
seven patients (23.1%) were submitted to bone resections. In
34 (9%) patients it was performed some type of arthrodesis
and isolated Achilles elongation, in 22 (5.9%) cases, 12 (54.5%)
were open, and ten (45.5%) were percutaneous.

The anatomical and classifications of Eichenholtz are

represented in Table 3. Charcot Arthropathy was observed in
126 (25.2%) patients.



Table 1. General characteristics of the 500 patients analyzed in
the study

Category Num_her of Percentage
patients (%)
Sex
Male 336 67.2
Female 164 32.8
Age
> 50 years 346 69.2
< 50 years 154 30.8
Body Mass Index
Low weight (< 18.5) 2 0.4
Ideal (between 18.6 and 24.9) 133 26.6
Overweight (between 25.0 and 29.9) 182 36.4
Grade | obesity (between 30.0 and 34.9) 80 16.0
Grade Il obesity (between 35.0 and 39.9) 35 7.0
Grade Il obesity (over 40.0) n 2.2
Did not reveal 57 1.4
Life habits
Smokers 88 17.6
Non-smokers 407 81.4
Not informed 5 1.0
Alcoholic 66 13.2
Non-alcoholic 426 85.2
Not informed 8 1.6
Comorbidities and clinical control
Diabetes type 1 28 5.6
Diabetes type 2 472 94.4
Insulin as treatment 307 61.4
Oral anti-diabetics 7 1.4
Regular clinical control 331 66.2
No regular follow-up 151 30.2
They were unable to answer 18 3.6

Discussion

It is believed that approximately 25% of patients diagnosed
with diabetes will have foot complications related to neu-
ropathy and vasculopathy™™, Diabetic foot is one of the
main causes of hospitalization in diabetic patients and is
responsible for most amputations currently performed®=,
Knowledge of the profile of this diabetic patient who develops
foot disorders is important to adjust an adequate prevention
program, reduce hospitalizations and amputations, and
reduce the cost to the health system®®, |n our study, we
tried to trace the profile of patients seen at the foot outpatient
clinic and found some interesting data.

In most patients in the study, the first visit was due to a
foot ulcer (39.6%; 198 patients) or infection (24.4%; 122
patients). In 64% of patients, an already serious disorder
was the reason for seeking specialized medical care. Both
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Table 2. Distribution of diabetes complications observed in the

initial care
Category Number of patients  Percentage (%)
Visual disorders
Altered vision 219 43.8
Normal vision 253 50.6
Not informed 28 5.6
Kidney disorders
Altered kidney function 76 15.2
Preserved kidney function 376 75.2
Not informed 48 9.6
Vascular disorders
Vascular normality 234 46.8
Vascular disorders 248 49.6
Not informed 18 3.6
Ulcer
With plantar ulcers 318 63.6
No plantar ulcers 182 36.4
Surgical indication
Surgery performed 376 75.2
Surgery not indicated 124 24.8
Type of surgery*
Amputations 306 81.4
Bone resections 87 231
Arthrodesis 34 9
Achilles stretch 22 59
Table 3. Eichenholtz anatomical and classification
Category Numper of  Percentage
patients (%)
Anatomical classification
Forefoot 13 10.3
Lisfranc 25 19.8
Chopart 8 6.4
Ankle and subtalar 42 33.3
Mixed involvement 33 26.2
The limit of involvement is not set 5 4
Eichenholtz classification
Acute 9 7.1
Consolidation 28 22.2
Sequelae 78 62
Classification not defined n 8.7

ulcers and infections are known factors that increase the
risk of amputation, and these factors were of concern after
our study’s results. The focus of diabetic foot treatment
should be the prevention of ulcers and infection®®”, |deally,
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we should have more patients with insensitivity in the feet
than patients with ulcers. Clarification campaigns on diabetic
foot and prevention strategies should be conducted more
strongly in our country®®®  Zhang et al.® drew attention
to the fact that prevention is usually paid for by patients
(specific shoes, socks, insoles, etc.) and the treatment by
the health system, which could be unfavorable for wound
prevention. A program in which the health system granted
insoles and shoes to diabetic patients with neuropathy could
reduce the number of complications and, consequently, the
cost of treating them®,

In our study, most patients (67.2%) were male. Evidence
suggests an association between the male gender and a
higher risk (up to 1.5) of developing foot complications®@'3'1®,
One of the hypotheses for this association is the possibility of
more daily physical activity among men®,

We did not compare data from diabetic patients without foot
disorders with those with diabetic foot, but in general, patients
with diabetic foot tend to be older, have a longer diagnosis of
diabetes, lower BMI, higher incidence of smoking, hypertension,
and diabetic retinopathy®'”. The mean age in our study was 65
years, with almost 70% over 50 years in initial care. Zhang et
al.®?showed a mean age of 61.3 years for diabetic patients with
foot ulcers, while those who do not have ulcers a mean age
of 56.1 years. Pedras et al.’® showed a mean age of 66 years.
Although overweight was a common feature (mean BMI 26.11),
we expected this number to be higher. Morbid obesity was not
a common problem in our study group. Despite obesity being
linked to the onset of diabetes, its contribution to the risk of
diabetic foot ulcers still seems to be inconclusive®. Another
fact that caught our attention was that more than 80% of
patients declared not to be a smoker.

We expected a higher incidence of smoking. Smoking also
interferes with peripheral microcirculation and, consequently,
wound healing. As already described in the literature, diabetic
smokers have a higher incidence of foot disorders@,
As expected, type Il diabetes predominated in our sample
(94.4%). However, only 331 patients (62.2%) reported regular
clinical control of the disease, and 18 patients did not know
how often to visit the clinician to control diabetes (Table
1. Unfortunately, as we have found in certain cases, some
patients are only diagnosed with diabetes after having a
serious foot complication, which often leads to amputation
immediately. Among the 1000 medical records evaluated,
we only obtained data to perform this study in 500. Many
patients submitted to minor/major amputation shortly after
the initial care did not return to the outpatient clinic for
follow-up. These patients were not included in our evaluation.

Charcot arthropathy is another serious complication of
diabetic foot. Deformities resulting from this process of
bone and capsulo-ligamentar destruction can lead to bony
prominences, facilitating the appearance of ulcers@™,
Treatment in the early stages may decrease the number of
severe sequelae of this condition. However, 62% of patients
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in the sample studied presented an already consolidated
Charcot arthropathy in the sequelae phase. These patients
have already arrived late to our outpatient clinic, and often,
surgery was the only solution to the issue.

Among the 500 patients included in our sample, 306
patients (81.4%) were submitted to minor/major amputation
due to infection, ulcers and/or deformity. This finding
highlights the seriousness of the problem. It should be
noted that, currently, the diabetic foot is the main factor
for most amputations recorded®@’®'>, We also observed that
approximately 60% of the total amputations performed
were classified as minor. It is worth noting that, whenever
possible, it was decided to preserve the length of the lower
limb to facilitate the ambulation of patients and promote an
improvement in treatment adherence, glycemic control, and
emotional well-being.

In our analysis of 500 patients submitted to diabetic foot
treatment at the specialized outpatient clinic, a significant
prevalence of patients who already had complications at the
initial care was observed. Notably, most of these patients had
skin ulcers or infections related to diabetic foot. Additionally,
Charcot arthropathy in the sequelae phase was predominant
among the patients evaluated. In the minority of our sample,
only preventive measures were necessary, without direct
intervention to treat established sequelae. Only 12% had
exclusively diabetic neuropathy.

There are some limitations in our study. The retrospective
design has bias. Half of the patients registered at the
outpatient clinic were not evaluated (500 patients did not
have sufficient follow-up or data in the medical record for
inclusion in the study). This fact can completely change
the evaluations of the study but also draw attention to the
lack of adherence of the diabetic patient to the treatment.
As mentioned above, many of the patients have already
arrived at the clinic in need of amputation and sometimes
did not even know they had diabetes. The trauma generated
by hospitalization and emergency amputation often shocks
the patient, who begins to deny the problem and does not
return for follow-up. Another important point not evaluated
in our study was the number of deaths. We did not have this
information available for the entire sample evaluated and
preferred not to include it.

The findings in our study are a warning about the need to
direct efforts towards disseminating information and the
implementation of prevention strategies to reduce the com-
plications associated with diabetic foot.

Conclusions

Most patients followed at the diabetic foot outpatient
clinic are men aged over 50 years, non-smokers and non-
alcoholics, and with a slightly high body mass index of 26.1.
They have already attended the outpatient clinic with foot
complications and suffered some level of foot amputation.
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Fourth generation minimally invasive osteotomy with
rotational control for hallux valgus: a case series
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Abstract

Objective: Demonstrate the clinical and radiographic results of patients with hallux valgus (HV) treated by a fourth generation minimally
invasive technique with rotational control of the first metatarsal.

Methods: Twenty-two patients were included in the study. All patients were women, with 14 right and eight left feet, with a mean follow-up
of 15 months (12-18). The radiographic parameters evaluated were the hallux valgus angle (HVA), the intermetatarsal angle (IMA), the
sesamoid displacement (Hardy Clapham), and the shape of the lateral edge of the first metatarsal head. The American Orthopaedic
Foot and Ankle Score (AOFAS) score, visual analog scale (VAS), and complications were also evaluated.

Results: The HVA improved from the preoperative (26.8°) to the postoperative (4.2°) and the IMA from 13.2° to 2.7°. Regarding
sesamoids, in the preoperative, three patients were grade 6, 10 were grade 5, and nine were grade 4. In the postoperative, ten patients
were grade 2, and 12 were grade 1. In the preoperative, the lateral edge of the first metatarsal head was intermediate type in 18 patients
and round type in four patients. In the postoperative, all patients were classified as angular type. The mean AOFAS increased from 45
to 91 points, and the mean VAS decreased from 6 to 1. The most common complication was surgical scar adherence in four patients.
Conclusion: The fourth generation minimally invasive technique with rotational control presented triplanar correction of the HV
deformity. In addition, it provided pain improvement and functional gain with a low rate of complications.

Level of Evidence 1V; Therapeutic Studies; Case Series.

Keywords: Hallux valgus; Bunion; Minimally invasive surgery; Percutaneous surgery; Triplanar osteotomy; Pronation.

achieve a three-dimensional correction®'®, Thus far, no per-
cutaneous technique that adequately corrects the first meta-

Introduction

Hallux valgus (HV) has been treated as a biplanar deformity

with the classic varus deviation of the first metatarsal and
associated proximal phalanx valgus®®. Over the years, with
the intensification of studies and a better understanding of
its physiopathology, it was understood that it is a complex
triplanar deformity, also the first metatarsal pronation®#,

All components of the deformity must be addressed to
achieve success in the surgical treatment, correcting the
hallux valgus angle (HVA), the intermetatarsal angle (IMA),
and the first metatarsal pronation®”. There are open surgical
techniques that directly address these components and

Study performed at the Clinica COTE Brasilia, Brasilia, DF, Brazil.
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tarsal pronation has been validated.

Currently, percutaneous osteotomies to correct HV are
divided into four generations™. In the fourth generation,
osteotomy of the first metatarsal neck is transverse and
addresses the rotational component indirectly™. The only
percutaneous technique described in the literature that
directly addresses rotational control through a specific guide
was described by Nunes and Baumfeld™?. To date, no case
series in the literature evaluating the results of this technique
has been published.
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The objective of this study is to demonstrate the clinical and
radiographic results of patients with HV treated by a fourth
generation minimally invasive technique with rotational con-
trol of the first metatarsal.

Methods

A case series including 22 patients diagnosed with moderate
to severe HV submitted to fourth generation minimally
invasive osteotomy with direct rotational control. All patients
were submitted to surgery by surgeons specialized in foot
and ankle and minimally invasive technique in two tertiary
centers from January 2021 to June 2022. The study was
approved by the institutional review board and all patients
signed the informed consent form and agreed to be included
in the study.

Inclusion criteria were patients diagnosed with moderate to
severe HV (HVA > 20 and IMA > 11)™, sesamoid displacement
grade > 4 according to Hardy and Clapham classification®™,
and intermediate or round shape of the lateral edge of the
first metatarsal head as described by Okuda et al.™. Exclusion
criteria were arthrosis of the hallux metatarsophalangeal
joint, rheumatological, neurological and vascular disorders,
patients who failed to follow the postoperative protocol or
who missed a minimum follow-up of 12 months.

All patients were evaluated clinically and radiographically
in the pre-and postoperative, with a mean follow-up of 15
months (12-18). Clinical evaluation included the American
Orthopaedic Foot and Ankle Score (AOFAS)™ for the
forefoot and the visual analog pain scale (VAS){. All com-
plications were documented. Radiographic evaluation was
obtained in the anteroposterior (AP) and lateral views with
weight-bearing. The HVA, IMA, sesamoid displacement,
and the shape of the lateral edge of the first metatarsal
head were evaluated. The sesamoid position was evaluated
according to the tibial sesamoid position described by Hardy

and Clapham®. Pronation was evaluated according to the
classification of Okuda et al.™. This classification is based on
the lateral edge of the first metatarsal head on AP radiographs
with weight-bearing. The lateral edge of the first metatarsal
head can be classified as angular (type A), intermediate
(type 1), or round (type R). Type A corresponds to no or
mild pronation up to 20°9, Type | corresponds to moderate
pronation between 20° and 30°, and type R corresponds to
pronation of 30° or over®™. Two orthopedic foot and ankle
surgeons trained and not involved in the surgical procedure
performed radiographic evaluation.

Surgical technique

The surgical procedure was performed according to the
description of Nunes and Baumfeld @,

The equipment used was: Beaver blade, Shannon cutter
2x10 mm; Wedge cutter 3.1; High torque and low rotation
motor, C-arc fluoroscopy, cannulated screws, and a specific
guide for rotational control.

The patient was submitted to spinal anesthesia and seda-
tion and was positioned in the supine position with the feet
hanging freely at the end of the table and supported by
fluoroscopy.

Pinintroduction in the rotational guide

The rotational guide was positioned on the first metatarsal
to ensure the proximal component stays under the medial
cuneiform and the distal component under the first metatarsal
head. Through the rotational guide, pins were inserted into
the medial cuneiform and metatarsal head. In the medial
cuneiform, the pin must be inserted at the 02 mark. The distal
pin was inserted into the first metatarsal head through the
rotational guide to be corrected, according to preoperative
planning (correction of 10°,20°, or 30° was possible) (Figure1).

Figure 1. Introduction of rotational pins.
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For patients classified type | lateral edge of the first metatarsal
head, a correction of 20° was performed, and for type R, a
correction of 30°. After the insertion of the pins, the guide
was removed.

First metatarsal osteotomy

Through an extracapsular portal, the distal metaphysis-
diaphyseal transition of the first metatarsal was established
using a beaver blade. Then, a transverse osteotomy was
performed using a Shanon cutter 2 x 10 mm (Figure 2).

Reducing and fixation maneuver

The next step was to place two guide wires for 4.0 mm
cannulated screws only on the proximal fragment, leaving
the metatarsal head free (Figure 3). After introducing the
guide wire into the proximal fragment, it proceeded to the
reduction maneuver. The first step of reduction is the lateral

Figure 2. Beaver incision for transverse extracapsular osteotomy.
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displacement of the first metatarsal head, which is performed
by introducing a blunt instrument into the medullary canal of
the first metatarsal (Figure 4).

The second step of reduction was rotational correction.
The proximal and distal rotational pins must be fitted back
into the rotational guide at the O° mark. For this to occur,
the distal rotational pin previously inserted in the metatarsal
head in the rotation to be corrected must be rotated until it
reaches the 0° mark in the rotational guide (Figure 5). After
the rotational correction of the previously inserted guide
wires, only proximal osteotomy fragments were advanced
by fixing the distal fragment (Figure 6). The fixation was
completed with the introduction of two 4.0 mm cannulated
screws (Figure 7). After fixing, the rotational guide and
its pins were removed. Through the distal screw portal,
the medial diaphyseal prominence was removed with the
Shannon cutter 2 x 10 mm (Figure 8).

Akin osteotomy

Akin osteotomy was performed by a mid-axial portal on the
medial edge of the proximal phalanx with the Shannon cutter
2 x 10 mm. Then, bone debris removal was performed with
abundant saline irrigation. The procedure was completed by
closing the surgical incisions and applying a padded dressing
and adhesive tape (Figure 9).

Figure 3. Positioning of guide wires.
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Figure 4. Lateral displacement of the metatarsal head.

Figure 5. Rotational correction.

Postoperative protocol

1. Partial support using orthopedic sandals with rigid soles
and crutches for six weeks.

2. After the first week, the surgical dressing is replaced with
band-aids applied to the portals.

3. Active and passive exercises for the hallux range of motion
started in the first week and intensified in the follow-up
according to the evolution of the patient.

4. After the sixth week, patients could wear conventional
shoes with a wide anterior chamber and rigid soles.

5. Radiographic control was performed at 2, 6, and 12 weeks,
and 6 and 12 months.

Figure 6. Advance of guide wires to distal fragment.

Statistical Analysis

The SPSS 26 (2019), Minitab 21.2 (2022), and Microsoft
Excel 2010 for statistical analysis were used. All variables
followed a normal distribution, tested by the Shapiro-Wilks
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Figure 7. Fixation with two 4.0 mm canullated screws.

Figure 8. Removal of the medial diaphyseal prominence.

test™®, Student t-test™ was applied to compare the variables.
Variables with a p-value < 0.05 were considered statistically
significant.
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Figure 9. Pre-and postoperative correction by the fourth gene-

ration minimally invasive osteotomy technique with rotational
control.

Results

The 22 patients were female, and the mean age was 44 (33-
60). Fourteen surgeries were performed on the right foot and
eight on the left, with a mean follow-up of 15 months (12-18).

The comparison of the pre-and postoperative radiological
variables is shown in Table 1. There was a statistical difference
between the pre-and postoperative values of HVA and IMA.
Regarding sesamoids, in the preoperative, three patients had
grade 6, ten grade 5, and nine grade 4. In the postoperative,
ten patients had grade 2 and 12 grade 1. In the preoperative,
the lateral edge of the first metatarsal head was type | in 18
patients and type R in four patients. In the postoperative, all
patients were classified as type A.

Table 2 shows the pre-and postoperative comparison of
clinical variables. There was a statistical difference between
the pre-and postoperative values of AOFAS in the forefoot
and VAS.

The most common complication was scar adherence, pre-
sent in four patients. In addition, two other patients repor-
ted discomfort with the synthesis material, which needed
removal. No cases of infection, pseudoarthrosis, recurrence,
or fracture of the medial cortical of the proximal fragment
were identified.



Nunes et al. Fourth generation minimally invasive osteotomy with rotational control for hallux valgus: a case series

Table 1. Pre-and postoperative radiological variables

. Preoperative Postoperative
Variables p-value
(mean) (mean)
HVA 26.8° 4.6° 0.0054*
IMA 13.2° 2.7° 0.0043*

HVA: Hallux Valgus angle; IMA: Intermetatarsal angle
*Statistically significant

Table 2. Mean AOFAS and VAS in the pre-and postoperative

. Preoperative Postoperative
Variables p-value
(mean) (mean)
AOFAS 45 911 0.0014*
VAS 6 1 0.0027*

[AOFAS: American Orthopaedic Foot and Ankle Score; VAS: Visual Analog Pain Scale
*Statistically significant.

Discussion

First metatarsal pronation is present in 87% of patients
with HV. The importance of its correction is associated with
a decrease in the recurrence rate®®2%, There are several
ways to evaluate first metatarsal pronation. The best
method described in the literature is computed tomography
with weight-bearing through the alpha angle®?’. Despite
being an efficient method, it is not available in all medical
centers. Radiography is a more available method that
indirectly demonstrates the first metatarsal rotation through
the sesamoid position™?? and the lateral edge of the first
metatarsal head™.

Radiographic evaluation of first metatarsal pronation is
still a controversial method and topic of discussion. Some
authors studied the lateral edge of the first metatarsal
head and described it as a reliable radiographic method
to evaluate the internal first metatarsal rotation®2®, This
indirect radiographic evaluation provides approximate values
and should be used only in patients without signs of arthrosis
of the hallux since osteophytes may impair the evaluation
of the lateral edge of the first metatarsal head®. Given
this, our study used the lateral edge of the first metatarsal
head to calculate the rotation to be corrected and excluded
patients over 60 years and those with signs of arthrosis of
the hallux metatarsophalangeal or gleno-sesamoid joint.
Another indirect radiographic way that can be used to
evaluate rotation correction is sesamoid reduction. A strong
relationship between high values of first metatarsal pronation
with sesamoid classified Hardy Clapham grades 4 and 7 was
demonstrated®@®.

Some authors have described a technical tip for correcting
the first metatarsal rotation using a Kirschner wire attached
to the first metatarsal head, using the sesamoid position
as a reference®®, Although it is a good alternative when
we do not have a rotational control guide available, it is
a subjective technique, as it depends on the surgeon’s

experience and is based on a fluoroscopic intraoperative
image without foot weight-bearing. In addition, the foot’s
position during fluoroscopy can significantly influence the
sesamoid position®?62”, |In our study, the rotation to be
corrected was evaluated preoperatively, and the rotation
correction was controlled intraoperatively through a specific
guide. We believe this makes this method more reliable and
reproducible, as in the last follow-up of this study, all patients
had sesamoid displacement classified as Hardy and Clapham
between grade 2 and 1, and the lateral edge of the first
metatarsal head grade O and 1

The power of correction by percutaneous techniques has
already been well established. In a recent case series, 60
patients corrected using the minimally invasive Chevron Akin
(MICA) technique were evaluated, which was able to correct
the HVA from 41.2° to 11.6°, while the IMA reduced from 17.1° to
6.9°@?®_ Another study with a follow-up of two years showed
a reduction of HVA from 30.4° to 10.2°@%, In our study, the
correction power was similar, with a reduction of HVA from
26.8° to 4.62, while the IMA from 13.2° to 2.7°.

An advantage of minimally invasive surgery is the early
improvement of pain. Lee et al. conducted a randomized
prospective study of 50 patients comparing the clinical and
radiographic outcomes of surgical treatment of HV with
percutaneous Chevron osteotomy with conventional open
osteotomy®®, The result showed that pain during the acute
postoperative phase was statistically lower in the subgroup
treated with percutaneous surgery ©®. In addition, Keppler
et al. demonstrated a great improvement in VAS from 8.2 to
1.2 at the follow-up of two years in patients treated with the
MICA technique®”. In our study, the findings were similar, with
a final mean VAS of only 1 point.

Regarding clinical criteria, several studies reported significant
improvement in patients’ function®?3®. Nunes et al. reported
preoperative AOFAS of 42.8 and 90 in the postoperative, and
Jowett and Bedi obtained an improvement in AOFAS from
56 to 87 points in the postoperative of 106 patients®@®3%, Our
series showed a similar improvement, with preoperative and
postoperative AOFAS of 45 and 91.1, respectively.

Our study had some minor complications. In four cases
(19%) scar adherence was observed in the medial access
of the first metatarsal neck. We believe this occurred
because this region has little subcutaneous tissue, and the
surgical wound mobilization was not performed properly
in the postoperative. There were only two cases (9%) with
discomfort in the synthesis material needing removal. Other
studies show higher incidences of this type of complication,
with rates of up to 16%%®.

This study has several limitations. There was a short
follow-up time that may be not sufficient to evaluate some
complications, especially the recurrence. A greater number of
participants with a control group would increase the reliability
of the result. The first metatarsal rotation was evaluated by a
radiographic method that provides approximate values. The
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ideal would be the use of computed tomography with weight-

bearing. Despite these limitations, this is the first case series

in the literature to describe a case series of percutaneous

technique that directly addresses the rotation correction of

the first metatarsal by evaluating the sesamoid position and

the lateral edge of the first metatarsal head.

Conclusion

The fourth generation minimally invasive technique with
rotational control used in this study to correct HV deformities
presented pain improvement and functional gain with a low
rate of complications. In addition, it could perform a three-
dimensional correction of the deformity.
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Case Report

Use of Figueiredo’s technique for treating extensive
infected skin lesions - a case report
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Abstract

Demonstrate that a low-complexity surgical technique can effectively solve problems of extensive skin lesions in cities where microsurgical
techniques are not available. We present a 59-year-old male patient with diabetes mellitus and an extensive and infected lesion in his
right ankle region, suggestive of a diabetic foot. Urgent surgical treatment was performed with debridement of the devitalized tissues,
drainage of a large amount of purulent secretion, and exhaustive washing with 0.9% saline solution. After a new debridement, abundant
washing with 0.9% saline solution and coverage of the extensive bloody area with a polypropylene prosthesis were performed. He
remained under outpatient follow-up, and subsequently, twice, new cleanings were performed, and a small diameter mesh was applied
due to the good evolution of healing. A good range of motion was maintained in the right ankle and foot, with the medial wound
completely healed, leaving only a small area of the lateral wound to complete the healing process. Figueiredo’s technique, described
in 2017 for fingertip lesions, uses a flexible thermoplastic polymer, which can be obtained from a small portion of silicone from a saline
bag, to form a semi-occlusive dressing that allows the drainage of secretions and provides a favorable environment and temperature
for healing. The exact limits of this technique are not yet well established, but the practice has shown excellent results in larger lesions.
Figueiredo’s technique is a simple, low-cost, and effective option for treating extensive infected skin lesions.

Level of Evidence IV; Therapeutic studies; Case Report.

Keywords: Skin lesion, Polypropylene; Wound healing.

In an attempt to find a solution without these difficulties,
using the regenerative capacity of our own body and
intervening only in the injured area, in 2017, Figueiredo
LA described a technique for covering lesions with a
polypropylene prosthesis, allowing the body to perform its
healing by secondary intention, in a protected manner and

Introduction

Extensive skin loss has always been a challenge for
surgeons. Microsurgical skin flaps are considered the most
appropriate procedure for resolving this type of lesion,
but they are technically dependent on microsurgeons with

specialized training and high-cost specific material, including
microscopes that are not always available®?,

Furthermore, they require a donor area of skin tissue,
generally coming from a non-injured area of the patient, and
a surgical procedure in a non-injured donor area could cause
some consequences for that area®.

without the need to use an intact donor area for grafts and
flaps®.

Some techniques using the protection of synthetic mate-
rials to obtain secondary healing, especially in small open
areas such as the fingertip or nail region, have already been
described, all with advantages and disadvantages®“®.

Study performed at the Hospital Portugués de Beneficéncia em Pernambuco,
Recife, PE, Brazil.
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In Figueiredo’s technique, the prosthesis is low-cost, easy
to obtain at any medical service, and translucent, allowing
for better monitoring of the case’s evolution®. An important
advantage that we must consider about this technique is the
low cost, as it uses widely available and cheap materials, does
not require high-cost microsurgical therapies, has a relatively
quick hospitalization time, and reduces intravenous antibiotic
therapy compared to other procedures®.

The exact limits of this technique are not yet well established,
but the practice has demonstrated excellent results in larger
lesions®.

Therefore, we consider it important to describe the case of
an extensive infected skin lesion successfully treated using
Figueiredo’s technique.

Case report

We present a 59-year-old male patient with diabetes
mellitus and an extensive and infected lesion on the lateral
and medial regions of his right ankle, suggestive of a diabetic
foot, on December 27, 2021. Urgent surgical treatment was
performed with debridement of the devitalized tissues,
drainage of a large amount of purulent secretion, and
exhaustive washing with 0.9% saline solution, resulting in
open areas with a small secretion (Figure 1). On January
09, 2022, a new debridement was performed + abundant
washing with 0.9% saline solution. The extensive bloody
areas of the right ankle were also covered with protective
mesh-a polypropylene prosthesis (Figures 2 and 3). After
hospital discharge, the patient was instructed to change the
dressing weekly, taking care not to damage the protective

mesh. He remained under outpatient follow-up, and on Abril
02, 2022, it was decided to perform a new surgical cleaning
and application of mesh with a smaller diameter due to the
good healing progress. The patient attended the service
weekly for dressing changes until March 04, 2022, when he
was submitted to a new surgical procedure to replace a new
polypropylene prosthesis in dimensions more appropriate to
the diameter of the remaining area. The wound was treated
only with cleaning surgery + Figueiredo’s technique. During
the healing process, there was no secretion, worsening of
the clinical condition, or need for antibiotics. Cephalexin was
used only seven days after each change of the protective
mesh. The physical examination revealed a considerable
healing process and good perfusion in the affected limb.
The patient began receiving home care from the “Melhor
em Casa” program with a multidisciplinary team to change
dressings and monitor the lesion. He maintains a good range
of motion in his right ankle and foot, with the medial wound
completely healed, with only a small area of the lateral wound
remaining to complete the healing process. He is currently
awaiting further feedback to define the final course of action
regarding the lateral area (Figure 4).

Figueiredo’s technique, described in 2017 for fingertip
lesions, uses a flexible thermoplastic polymer, which can
be obtained from a small portion of silicone from the saline
bag, to form a semi-occlusive dressing that allows drainage
of secretions and provides an environment and temperature
favorable to healing. In short, the principle of Figueiredo’s

Figure 1. Initial appearance of the medial and lateral bloody areas.
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Figure 3. Cover of the medial area with polypropylene protection.

Technique for treating skin loss is the inorganic protection of
the wound with polypropylene while the body itself carries
out its healing process by secondary intention®.
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Figure 4. Current appearance of the lesion.

The aesthetic results of Figueiredo’s technique demonstrate
a better appearance than other techniques, which can be
attributed to the fact that it preserves the characteristics
of the lesion site. In contrast, other methods transfer the
characteristics of the donor area to the recipient area,
changing the appearance and aesthetic of both®.

The wound was treated only with cleaning surgery +
Figueiredo’s technique. During the healing process, there
was no secretion, worsening of the clinical condition, or
need for antibiotics. This seems to confirm previous work
on the technique, which states that the exudate provides an
environment that favors healing without infection®?,

Secondary healing did not create any type of adhesion over
the tendons, and the patient presented results with complete
mobilization of the ankle and toes, as already demonstrated
in other studies®?,

The exact limits of this technique are not yet well established,
but the practice has demonstrated excellent results in larger
lesions, especially the distal leg, foot, and calcaneus®.
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For these reasons, we decided to use this method on an
extensive infected ankle skin lesion in a diabetic patient, a case
that many would consider too complex to apply Figueiredo’s
technique. However, the patient lived in a location without
access to microsurgical techniques and did not have the
resources to seek a larger health center.

The results were surprising, with a quick and painless
evolution to complete closure of the medial wound and, at
the time this study was written, almost complete closure of
the lateral area, maintaining normal range of motion in the
ankle and resolution of the infectious process.

The use of Figueiredo’s technique is a simple and effective
option for treating extensive infected skin lesions.
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Technical Tips

Anterior and posterior ankle arthroscopy in
prone position: description of surgical technique
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Abstract

Ankle arthroscopy has several advantages compared to open surgery and can be performed anteriorly or posteriorly. Pathologies
located in the anterior and posterior ankle regions may coexist and require combining the abovementioned arthroscopic techniques.
The objective of this study was to describe the anterior and posterior ankle arthroscopic technique for treating lateral instability and
posterior ankle impact, keeping the patient in prone position. The arthroscopic technique described with the patient in prone position
allowed access to the anterior and posterior regions of the ankle, allowing the treatment of lateral ankle instability and posterior impact,
potentially reducing the risks present in the change of decubitus position during surgery.

Level of Evidence V; Therapeutic Studies; Expert Opinion.

Keywords: Ankle joint; Arthroscopy; Joint instability; Ligaments; Prone position.

Introduction

Ankle arthroscopy has several advantages compared to
open surgery, with less soft tissue trauma and an earlier
return to daily and sports activities. It is also an important
diagnostic technique for several ankle pathologies®#,
Indications for anterior ankle arthroscopy include ankle
impingement, osteochondral injuries, and ankle instability.
The posterior ankle arthroscopy described by van Dijk covers
other indications, such as the posterior ankle impact, flexor
hallucis longus tenosynovitis, and subtalar coalitions®®. Pa-
thologies located in the anterior and posterior ankle regions
may coexist and require combining the abovementioned
techniques, especially in treating anterior and posterior
impingement syndrome®-™,

D’Hooghe et al.®™ demonstrated that athletes diagnosed
with chronic lateral ankle instability are ten times more
likely to require surgery to treat the posterior impact by os
trigonum than athletes with acute lateral ankle ligament
injuries. In contrast, Strauss et al.™® demonstrated that lateral

ankle sprains could aggravate the posterior impact caused by
os trigonum and become a cause of chronic pain.

Good functional results with arthroscopic treatment for
lateral instability and posterior impact, associated with
a low incidence of complications, have been reported in
the literature®™ 419 The combination of anterior and pos-
terior in prone position also obtained good results, and
no complications were obtained for impact treatment®®.
However, no studies describe the association of techniques
in treating lateral instability and posterior impact with the
patient kept in prone position.

The objective of this study is to describe the anterior and
posterior ankle arthroscopic technique for treating lateral
instability and posterior ankle impact, keeping the patient
in prone position. This surgical strategy would reduce the
risks of contamination of instruments and surgical fields and
reduce the operative time, increased by changing the de-
cubitus position. In addition, it would potentially facilitate the
operative strategy in cases that require multiple changes in
anterior and posterior accesses.

Study performed at the Universidade Federal de S&o Paulo - Escola Paulista de
Medicina, S&o Paulo, SP, Brazil.
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The technique description - preoperative evaluation

This study was approved by the Institutional Review Board,
and the patient signed the informed consent form. This study
was conducted in accordance with the Declaration of Helsinki
and the Health Insurance Portability and Accountability Act
(HIPAA).

An 18-year-old male patient without comorbidities, with
a history of recurrent sprains and pain in the lateral and
posterior region of the right ankle, exacerbated by forced
flexion, was selected for the study. The complaints began 12
months prior, after the first episode of ankle sprain, and in that
period, the patient was submitted to conservative treatment
with physiotherapy and orthosis without improvement.
The physical examination showed pain on palpation of the
anterolateral gutter, positive anterior drawer test, and pain at
the end of ankle flexion, which was reported in the posterior
ankle region. It had no deformities on inspection. He was also
submitted to radiographs and magnetic resonance imaging,
showing damage to the anterior talofibular ligament and os
trigonum syndrome associated with spinal cord and fluid
bone edema in the posterior tibiotalar and talocalcaneal
recesses. Clinical and imaging findings corroborated the
diagnosis of chronic lateral instability and posterior ankle
impingement (Figures 1-3).

The American Orthopedic Foot and Ankle Society (AOFAS)
hindfoot score and the visual analog pain (VAS) scale were
collected during the preoperative evaluation, resulting in 67
and 7.2, respectively.

Surgical technique

After sedation, the patient was positioned in prone position
with a peripheral block (popliteal and saphenous), and a
thigh pneumatic tourniquet was applied (Figure 4).

The surgery started through the posterior access, initially
through the posterolateral portals, followed by the postero-
medial portal®®. The neurovascular bundle was avoided at
this stage through lateral access to the flexor hallucis longus
tendon. Synovectomy and capsulotomy of the subtalar
joint were performed using a shaver blade, allowing the

Figure 1. Presence of os trigonums on ankle radiograph in profile

position.

visualization of the posterior talus region. From that moment
on, os trigonum was identified, and its resection began. Using
a shaver and Basket forceps, the os trigonum was detached
from the talus and partially resected to have its size reduced,

Figure 2. Ankle magnetic resonance imaging in sagittal position
showing the os trigonum associated with spinal cord and fluid
bone edema.

Figure 3. Ankle magnetic resonance imaging in axial position

showing the lateral ligament injury.
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thus enabling the introduction of Kocher forceps for the total
removal of the accessory bone (Figure 5).

Still in prone position, the anterior ankle region was
accessed through knee flexion at 902, which the second

)
T oo I-:'r‘

Figure 4. Patient positioned in prone position and anterior and
posterior portals marked.

assistant maintained in this position. The anteromedial portals
were made, performed medial to the anterior tibial tendon,
avoiding the saphenous nerve and the great saphenous vein,
followed by the anterolateral portal, performed medial to the
superficial fibular nerve to prevent injury, making it possible
to visualize the structures such as the anterior arthroscopy
performed in dorsal decubitus, but with the upside-down
images resulting from the limb position, needing to adapt
the conventional intraoperative maneuvers. At this time,
synovectomy and lateral gutter debridement were performed
to expose the region where the ligaments originate in the
fibula. Then, through the anterolateral portal, a 3.0 mm
anchor was introduced 1 cm from the lateral malleolus apex
using guidewires. The anchor wires were then passed through
the safety zone through the lower extensor retinaculum, as
described in the arthroscopic Brostrom-Gould technique®”,
and sutures were performed with the ankle in eversion,
allowing lateral ligament reconstruction without the need
for decubitus change and the exchange of operative fields
(Figure 6).

Postoperative period

The patient was instructed to maintain no weight-bearing
in the first postoperative week; from the second to the fourth
week, progressive partial weight-bearing was initiated with
crutches and an immobilizer; from the fifth to the eighth
week, a rigid anklet was allowed, then was progressively
removed until the end of the sixteenth week.

Rehabilitation with physiotherapy began in the second week,
allowing isometric strengthening, gain of ankle extension
and eversion, and flexion of up to 202. Inversion and internal

Figure 5. Arthroscopic identification of the os trigonum and its

removal with forceps.
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Figure 6. Intraoperative image demonstrating fibula visualization
and anchor positioning for lateral ligament reconstruction.
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rotation movements were restricted until the sixth week. The
sutures were removed in the third week, and no problems
with the operative wounds were observed. Light physical
activities were released in the sixth week, and the intensity
was allowed to increase from the eighth week.

In the twelfth week postoperatively, the patient was already
gradually returning to previous physical activities, and the
AOFAS and VAS scores were again collected, resulting in 94
and O, respectively. Comparing the scores and preoperative
complaints, the patient showed significant improvement
and satisfactory results with the surgery. There were no
complications related to the procedure.

The arthroscopic techniques described in the literature for
treating lateral ankle instability®'¢1® and those directed to the
posterior ankle impact ¢ present good functional results
and low incidence of complications. Our study aligns with the
literature since the reported patient showed improvement in
pain and functional scores after surgery, allowing the return
to sport in the expected three months without complications
associated with surgery.

Distraction during arthroscopy can improve the visua-
lization of a congruent joint such as the ankle ©@”, However,
complications are associated with this method, such as
neurovascular compression and skin necrosis®. In the
technique described, clear images were obtained without the
need to apply traction to the limb, avoiding these events.

This study has some limitations. The procedure described
imposes greater technical difficulties, requiring an expe-
rienced team in arthroscopic procedures. Also, it presents
a difficulty in understanding the images, which can be
confusing to interpret at first, and the need to adapt the
surgical technique of the anterior access with the knee kept
flexed. The sample presented was small and without a control
group to compare. Other comparative studies are needed to
evaluate the reduction in surgical time and the lower risk of
contamination of the instruments in the change of decubitus
position. In addition, studies with a larger number of patients
submitted to the technique and a longer follow-up are
necessary to evaluate functional results better.

The arthroscopic technique described with the patient in
prone position allowed access to the anterior and posterior
regions of the ankle, allowing the treatment of lateral ankle
instability and posterior impact, potentially reducing the risks
present in the change of decubitus position during surgery.
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