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Abstract

Purpose The minimally invasive Chevron-Akin (MICA) is considered the third generation of minimally invasive hallux
valgus (HV) surgery, and its original description included fixation of the Akin osteotomy with a screw. The aim of this study
is to evaluate a series of patients undergoing HV correction using the MICA technique without screw fixation of the Akin
osteotomy.

Methods We retrospectively evaluated 58 consecutive patients who underwent surgical correction for HV between August
2018 and March 2020. A total of 69 feet were evaluated with a minimum follow-up of 2 years. Clinical outcomes such as
pain (VAS), function (AOFAS), range of movement, criteria personal satisfaction and complications were evaluated.
Results The AOFAS score (mean + standard deviation) significantly improved from 57.0 + 8.6 preoperatively to 93.9 +8.7
postoperatively (p <.001) with a minimum follow-up of 2 years. The VAS score improved from 6.0 + 1.8 preoperatively
to 0.6 + 1.4 at 2-year follow-up (p <.001), and the hallux valgus angle reduced from 39.7 +6.9 to 8.9 +9.0 (p <.001). The
majority of patients (95.6%) reported the result as excellent or good, and the most common complication was the need to
remove the screw (7.2%).

Conclusions The use of MICA without Akin osteotomy fixation resulted in successful correction of hallux valgus with
improvements in clinical and radiographic parameters.

Level of evidence 1V, case series.
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Akin osteotomies without fixation associated with open and
minimally invasive techniques, with good results [10, 11].

Fixing the osteotomy increases the cost and surgical time,
but on the other hand, it allows mobilization of the hallux
earlier and reduces the chance of malunion of the osteotomy.
Not fixing the Akin osteotomy, in addition to the advantages
already mentioned, allows some accommodation of the hal-
lux correction in the postoperative dressings if the surgeon
deems it necessary.

The objective of this study is to evaluate a series of
patients who underwent HV correction using the MICA
technique without fixation of the Akin osteotomy.

Methods
Study design

This is a retrospective case series of consecutive patients
diagnosed with HV who underwent surgical correction using
the MICA technique. All patients were operated on in the
same center and by the same team of surgeons experienced
in minimally invasive surgery (M.V.P.F., G.F.F.) based in
Sdo Paulo, Brazil. The surgical procedure was only recom-
mended after failure of conservative treatment with a change
of shoes, physiotherapy and specific guidelines.

Ethical approval

We adhered to the Declaration of Helsinki and the Guide-
lines for Good Clinical Practice in conducting this study,
which was approved by the local ethics committee. Only
patients who had read, agreed to and signed the informed
consent form were included. Additionally, we reported this
study in accordance with the STROBE guidelines for report-
ing of observational studies [12].

Participants

Inclusion criteria were: 1) Patients aged 18 years or older;
2) moderate or severe hallux valgus: hallux valgus angle
(HVA) > 20 or 1-2 intermetatarsal angle (IMA) > 11; and
3) patients undergoing surgical correction using the MICA
technique with a minimum follow-up of 2 years.

Patients with previous degenerative lesions in the foot
or ankle or previous surgeries and sequelae of fractures of
the tibial pilon, ankle and foot were excluded. Patients with
additional surgeries such as percutaneous osteotomy of the
metatarsals and percutaneous correction of the smaller toes
were included.

@ Springer

Outcome measures

This study evaluated clinical and radiographic outcomes.
The pain visual analog scale (VAS) and the American
Orthopedic Foot and Ankle Society (AOFAS) Great Toe
Metatarsophalangeal-Interphalangeal Scale scoring system
were used to assess clinical outcomes pre- and postopera-
tively [13]. We also performed an evaluation of the range
of motion (ROM) before and after the surgical procedure.

The radiographic evaluation was performed through
six angles measured on the anteroposterior radiograph
of the weight-bearing foot: hallux valgus angle (HVA),
intermetatarsal angles between the first and second rays
(IMA), the intermetatarsal angle between the proximal
fragment of the osteotomy and the second ray (IAPF), the
hallux interphalangeus angle (HIA) denotes the angular
measurement formed between the midshaft axis of the
proximal and distal phalanges, the proximal phalangeal
articular angle (PPAA), which is formed by the midshaft
axis of the proximal phalanx and the line running through
the edges of the proximal articular surface of the pha-
lanx and the proximal to distal phalangeal articular angle
(PDPAA), which is the angle formed by tangential lines
to the proximal and distal phalangeal articular surfaces.

The HIA, PPAA and PDPAA angles were only evalu-
ated in the postoperative period due to the high degree of
hallux pronation and the risk of measurement bias [14].

On lateral radiographs, we evaluated the angle between
the proximal and distal fragments of the Akin osteotomy.
Furthermore, the bone consolidation of osteotomies was
considered in the last medical evaluation of patients
included in the study.

The Coughlin score was used to evaluate the final out-
come of personal satisfaction [15]. The questionnaire was
used at the last visit of the study participant, and the score
is divided into four grades: excellent, good, fair and poor.
We also asked the patient if they could go back in time
would they have maintained the decision to undergo the
surgical procedure.

Data collection

We retrospectively identified consecutive patients who
underwent MICA for moderate and severe hallux valgus
between August 2018 and March 2020 from a prospective
database. The authors of this study summoned and evalu-
ated patients in person.

Study data were collected and managed using REDCap
electronic data capture tools hosted at the Instituto Prevent
Senior [16]. REDCap (Research Electronic Data Capture)
is a secure, web-based application designed to support
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data capture for research studies, providing: 1) an intuitive
interface for validated data entry; 2) audit trails for track-
ing data manipulation and export procedures; 3) automated
export procedures for seamless data downloads to common
statistical packages; and 4) procedures for importing data
from external sources.

Surgical procedure and postoperative protocol

The patients underwent the surgical procedure in the supine
position, without the use of a tourniquet, and the anesthe-
sia used was spinal anesthesia with sedation (institutional
protocol). All patients were admitted and discharged on the
same day (day-hospital).

Chevron osteotomy

The operative technique was third-generation MICA as
described by Redfern and Vernois [8]. An extra-articular
Chevron osteotomy was performed proximal to the metatar-
sal head with a 2.2 mm Shannon burr. The distal fragment
was pushed to the lateral region with a periosteum reamer
for percutaneous surgery, seeking to correct pronation, varus
and flexion—extension. The osteotomy was then fixed with
two 3.5 mm cannulated screws (beveled or conical headless)
from the metatarsal base to the distal fragment. The medial
prominence was removed or a closing wedge was performed,
according to the technique described by Ferreira et al. [17].

Akin osteotomy without fixation

The Akin osteotomy starts with a 2 mm incision in the
region of the base of the proximal phalanx, close to the
metatarsophalangeal joint. Thus, the osteotomy is performed
with a 2.2 mm Shannon burr under radioscopy visualization.
The burr is directed dorsally and plantarly, preserving the
lateral cortex. Finally, the maneuver is performed with the
hands to close the wedge. No fixing is done (Fig. 1), and the
osteotomy is stabilized with a surgical dressing at the end
of the procedure.

Minimally invasive lateral release

The decision to perform percutaneous soft tissue release was
made intraoperatively after completion of the MICA tech-
nique. The additional procedure was performed when the
surgeon judged that the big toe still had a clinical tendency
to valgus.

Closure

Finally, the surgical incisions should be washed with saline
solution and the skin sutured with 4-0 nylon. A dressing

Fig. 1 Akin osteotomy radioscopy image

Fig.2 Orthosis for hallux valgus used in the postoperative period

with sterile gauze is performed, and then an elastic bandage
is made.

Postoperative care

After the surgical procedure, patients were instructed to start
full weight bearing immediately using rigid-sole sandals for
at least six weeks. The dressing was changed weekly by the
medical team for three weeks, and then the patient uses a
toes separator until completing six weeks (Fig. 2).
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Statistical data analysis

Statistical analysis was conducted using the Stats package of
R [18]. Numerical variables were summarized using mean,
standard deviation, maximum and minimum values, while
nominal variables were analyzed using descriptive statis-
tics. The Shapiro test was used to determine whether the
data were parametric or nonparametric, and the means were
compared using either the Wilcoxon Sign Rank or Student’s
T test [19]. A statistical level of evidence of p <0.05 was
considered significant.

Results

Between August 2018 and March 2020, 101 patients diag-
nosed with moderate or severe hallux valgus underwent
surgical correction using the MICA technique. However, 36
patients were lost to follow-up and 7 did not want to partici-
pate in the study. Thus, the final evaluation consisted of 58
patients (53 female; 5 male) and 69 feet (11 bilateral).

The mean age (+ standard deviation) of the patients was
69.0+9.8 years (range 39-89) years. The mean follow-up
time was 27.0 months (range 24-39). Regarding laterality,
in most cases the left foot was the one affected, totaling 36
feet (52.2%). Most deformities of the hallux valgus were
classified as moderate, representing 56.5% of the sample.

Regarding the associated procedures, DMMO was per-
formed on 35 feet (50.7%), correction of lesser toes in 21
(30.4%) and oblique osteotomy to the Sth metatarsal for bun-
ionette treatment in 2 (2.8%). In 24 feet (34.7%), it was nec-
essary, intraoperatively, to release percutaneously the lateral
structures to correct residual valgus deformity.

Clinical outcomes

Clinical outcomes are shown in Table 1.

There was an improvement in function and pain with
significant differences between the values collected before
and after the surgical procedure (p <0.001), with a mean
increase in the AOFAS of 36.9 points and a reduction of 5.4
in the VAS. Regarding the ROM, there was a reduction in
dorsal and plantar flexion of the metatarsophalangeal joint
after the hallux valgus correction procedure, with statistical
significance (p <0.001).

Radiographic assessment

The radiographic outcomes are shown in Table 2.

The difference in radiographic measurements was also
statistically significant, with a reduction in the HVA of 30.8°
and IMA of 10.3° as an outcome after surgery. Recurrence
of the deformity with HVA > 20° occurred in six cases, of
which four had a severe deformity (>40°) preoperatively.

All Akin osteotomies achieved bone union (Fig. 3).

Table 1 Results of pre- and

X . . Outcome Preoperative (mean, Postoperative (mean, Preoperative and p value
postoperative clinical evaluation standard deviation, standard deviation, Postoperative Dif-
range) range) ference
AOFAS 57.0+8.6 [30; 78] 93.9+8.7 [65; 100] 36.9 <.001
VAS 6.0+1.8[1;9] 0.6+1.4[0; 6] 54 <.001
MTP1 Plantar Flexion 34.7+12.4[11;72] 19.9+10.1 [0; 41] 14.8 <.001
MTPI Dorsi Flexion  75.5+14.1 [35; 114] 62.8+15.2 [14; 90] 12.7 <.001

AOFAS American Foot and Ankle Society, VAS Visual analog scale of pain, MTP1 First metatarsophalan-

geal joint
Table 2‘ Results of radiographic Outcome Preoperative (mean, stand- Postoperative (mean, stand- Preoperative and Postop- p value
evaluation ard deviation, range) ard deviation, range) erative Difference
HVA 39.7+6.9 [25; 65] 8.9+9.0 [—14; 34] 30.8 <.001
IMA 16.7+3.1 [12; 27] 6.4+4.7 [0; 24] 10.3 <.001
IAFP 18.8+5.4 [7; 32] 2.1 <.001
HIA * 13.3+[-2;43] * *
PDPAA * 0.30£[-19; 23] * *
PPAA * —6.01+[-27; 25] * *

*It was not possible to measure the angles due to the degree of hallux pronation

HVA Hallux valgus angle, /MA Intermetatarsal angle, JAPF Intermetatarsal Angle of the Proximal Frag-
ment, HIA Hallux Interphalangeal Angle, PDPAA Proximal to Distal Phalangeal Articular Angle, PPAA

Proximal Phalangeal Articular Angle
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Fig.3 A Preoperative radiograph. B Radiograph showing consolida-
tion of the Akin osteotomy without screw fixation

In 14 feet (20.2%), there was malunion of the Akin oste-
otomy, with the distal fragment remaining in hyperextension.
In none of them was the angulation greater than 10°, no patient
evolved to radiographic arthrosis in the tarsometatarsal joint.
There was no breakage of the screws in any case.

Personal satisfaction with the procedure

Regarding personal satisfaction with the end result of surgery,
the personal satisfaction score published by Coughlin et al. was
used [15]. The questionnaire was given in the last visit, and
the responses were rated as follows: 85.5% excellent, 10.1%
good, 2.9% fair and 1.5% poor. When the patient was asked if
he could go back in time if he would do the procedure again,
the majority said yes (85.5%).

Complications

The most common complication was discomfort in the site
of the screws (11.6%). The sample had five cases (7.2%) that
required an additional surgical procedure, with four of them
only removing the screw and another in which it was necessary
to remove the screws and perform an additional percutaneous
exostectomy.

No patient had surgical wound dehiscence, superficial or
deep infection. Furthermore, no patient developed pain in the
topography of the tarsometatarsal joint.

Discussion

There are clear advantages of not performing Akin oste-
otomy fixation: It makes the procedure cheaper, faster and
avoids implant-related complications such as migration or
irritation of tendons or skin. This is the first case series
of modified third-generation MICA with non-fixation of
Akin.

The results obtained about pain improvement and
functional assessment are like those found in the series
in which Akin was fixed. Pain intensity in this series,
assessed using the visual analog scale (VAS), dropped
from 6.0 to 0.6 at the end of follow-up. The largest MICA
case series that included 292 feet found a reduction in pain
from 3.1 to 0.8 [20].

We used the AOFAS scale for functional assessment,
and the result obtained was an improvement from 57.0
preoperatively to 93.9. Other studies that used the AOFAS
scale to evaluate the results of the third-generation MICA
technique obtained results between 83 and 92 at the end
of follow-up [1, 3, 5].

The radiographic outcomes of this study were consist-
ent with those reported in previous studies. Significant
reductions were observed in both hallux valgus angle
(HVA) and intermetatarsal angle (IMA), from 39.7 to 8.9
and 16.7 to 6.4, respectively. Previous case series using
Akin fixation techniques reported mean HVA values rang-
ing from 7.6 to 12.1 and mean IMA values ranging from
49t07.6[1,3,5,21].

We did not measure HIA, PDPAA and PPAA in the pre-
operative radiographs. Previous studies have shown that
preoperative AP weight-bearing radiographs have low sen-
sitivity evaluating the interphalangeal hallux valgus due to
hallux pronation and some angles are underestimated [14,
22] This series has many patients with moderate to severe
deformity including pronation.

The results obtained for these angles at the end of the
follow-up were 13.3, 0.3 and — 6.0, respectively. Other
studies that performed Akin osteotomy percutaneously
obtained an HIA of 10.7 and 5.0 [11, 23]. As for the other
angles, there is a wide variation in the literature regarding
the results obtained, ranging from —4.0 to 3.1 for PDPAA
and 2.1 to 6.1 for PPAA [11, 24].

In this series, there was recurrence of the deformity,
with HVA greater than 20°, in 6 (8.7%) patients, a number
similar to that found in other studies [2, 4, 21]. These data
show that Akin fixation probably has little impact on the
final radiographic result.

All Akin osteotomies healed, but in 14 feet (20.2%),
the distal fragment healed in hyperextension. None of
these patients complained about the deformity, and no
further intervention was required. The malunion rate in
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the literature varies between 0 and 24%, and some authors
consider that it may be associated with disruption of the
lateral cortex [10, 25-27].

Some studies have evaluated the frequency at which lat-
eral cortical disruption can occur. Douthett et al. [28] iden-
tified 47 cases (35%) in a series where the Akin procedure
was performed open. Testa et al. [10] delineated 86 cases
out of 286 (30%), additionally executing procedures through
open methods, contrasting with the present study where all
procedures were conducted minimally invasively.

In Schilde’s comparative study, violation occurred in
51.6% of percutaneous osteotomies and only 13.9% of open
procedures [23]. A study published by Kauffmann et al.
[11] included 81 feet where percutaneous Akin osteotomy
was performed without fixation. At the end of the follow-
up, all osteotomies healed and there was correction of all
radiographic parameters, but no assessment of sagittal plane
malunion was performed.

The ROM assessment performed showed a loss of 20.1°
of plantarflexion and 13.9° of dorsiflexion. Frigg et al. [29],
in their comparative study between a technique similar to
MICA and an open technique (Scarf), obtained an average
of 10° and 5° of gain in dorsiflexion and plantar flexion,
respectively. At the end of the follow-up, there were 8 cases
of moderate stiffness and 1 patient with less than 30° of dor-
siflexion out of 15 operated on using the minimally invasive
technique.

Harrasser et al. [30] recently published a series of 55 feet
and found moderate stiffness with loss of ROM greater than
10° in relation to the preoperative period in only 3 cases
(5.4%) after 12 months of follow-up; there were no cases of
severe stiffness.

Our series had worse results regarding ROM preservation
compared to these two studies. One plausible explanation is
that the average age of patients in our series (69 years) sig-
nificantly exceeds that observed in the other two studies (48
and 50 years). This higher incidence of stiffness, however,
did not negatively impact patient satisfaction, which was
high with 95% of excellent or good results.

It is regarded as a specific strength of our study that it is
the first study to examine a large case series of third-genera-
tion MICA osteotomy with non-fixed Akin. Our study, also,
has some limitations: First, this is a case series with a rela-
tively small sample compared to the largest series ever pub-
lished; second, the lack of a control group; and finally, the
absence of patient-reported outcomes measures (PROMs).

Conclusion
The use of MICA without Akin osteotomy fixation resulted

in successful correction of hallux valgus with improvements
in clinical and radiographic parameters.
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