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Abstract 
Objective: To evaluate radiographic outcomes in patients undergoing minimally invasive Chevron/Akin osteotomy (MICA) for hallux 
valgus correction.

Methods: We have treated 31 patients (40 feet). Preoperative and postoperative hallux metatarsophalangeal angles (hallux valgus 
angles, HVA), intermetatarsal angles (IMA) between the first and second metatarsals, and distal metatarsal articular angles (DMAA) 
were followed up for 12 months.

Results: The mean age of the patients was 53.2 years. Mean preoperative HVA, IMA, and DMAA values were 28.85°, 15.38°, and 14.35°, 
respectively. The mean postoperative angles measured after 1 year were 10.60°, 7.95°, and 7.48°. Improvements in HVA, IMA, and DMAA 
values showed statistical relevance. There were no losses in angular parameters during follow-up.

Conclusion: The radiographic outcomes in patients undergoing MICA osteotomy for hallux valgus correction followed up for 12 months 
showed significant improvements and no recurrence of the deformity. Our results suggest that this technique is effective for correcting 
hallux valgus. 

Level of Evidence III; Therapeutic Studies; Comparative Retrospective Study.
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Introduction
Hallux valgus is a common deformity of the forefoot, cha-

racterized by lateral hallux deviation and medial deviation of 
the first metatarsal. Its overall prevalence is 23% among indi-
viduals aged 18 to 65 years and 35% in the older population 
(> 65 years old). It mainly affects women, with a prevalence 
of 30%, compared to 13% in men(1-3).

Pain in the hallux metatarsophalangeal region is a quite 
common symptom, which may result in limitation of daily 
activities and impaired quality of life(1,4-6). Genetics is an im-
portant predictive factor for the disease, with nearly 68% of 
patients having familial inheritance. The use of inappropria-
te shoes, bone abnormalities, and excessive pronation of the 
foot are also among etiological factors(7,8).

Conservative treatment consists in wearing adequate shoes 
with wide and deep anterior chambers and low heels to mini-
mize the patient’s pain and progressive deformity(7).

In order to determine the severity of hallux valgus, we plot-
ted the metatarsophalangeal angle (hallux valgus angle, 
HVA) and the intermetatarsal angle (IMA) on X-ray images. 
The HVA angle was plotted at the intersection of the lines 
along the long axis of the first metatarsal and the proximal 
phalanx of the hallux. The angle between the long axis of the 
first and second metatarsals was the IMA. Both angles were 
checked on anteroposterior radiographs of weight-bearing 
feet. The deformity was thus classified as: mild (HVA > 19° 
and IMA  > 13°), moderate (HVA between 20° and 40° and 
IMA between 14° and 20°), and severe (HVA > 40° and IMA > 
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20°)(7). These radiographic angles have excellent correlations 
with clinical aspects(4,8). The distal metatarsal articular angle 
(DMAA) is defined as the relationship between the distal ar-
ticular surface and the longitudinal axis of the first metatar-
sal bone. The DMAA is considered a fundamental aspect to 
be evaluated while planning surgical corrections. To achieve 
total congruence of the metatarsophalangeal joint of the 
hallux, it is paramount to avoid or decrease the incidence 
of insufficient corrections or recurrences. In normal feet, this 
angle should not exceed 8º(7,9).

Minimally invasive surgery for correcting forefoot deformi-
ties has gained popularity worldwide in recent years. These 
techniques preserve soft tissues and reduce recovery time 
and morbidities associated with the disease process and 
surgical intervention(2,10,11).

The distal Chevron metatarsal osteotomy, first described in 
1962, is a widely accepted technique used in the treatment of 
mild and moderate deformities. It shows satisfactory results 
in adult individuals of all age groups, promoting pain relief, 
restoration of function, and lasting correction of the deformi-
ty(4,10). However, publications regarding its efficacy in severe 
deformities are still scarce in the literature(4).

With the advent of minimally invasive techniques for cor-
recting hallux valgus, Vernois idealized the minimally invasive 
Chevron/Akin osteotomy (MICA) osteotomy(12). In this techni
que, owing to less damage to soft tissues and metatarsal 
head vascularization, it is possible to laterally translate the 
capital fragment through up to 100% of the osteotomy con-
tact area. This increases the potential to correct severe de-
formities when compared to the traditional open technique. 
In some cases, the contact between the proximal and distal 
portions of the first metatarsal is made only by the cortical 
bone(4). The osteotomy is fixed with cortical screws, providing 
sufficient stability for mild or aggressive corrections(2,10,12,13).

Methods
This study was approved by the Research Ethics Com-

mittee registered at Plataforma Brasil under the Certificate 
of Presentation for Ethical Appreciation (CAAE number 
35995820.5.0000.0068). 

We operated on 31 patients (40 feet) using the MICA techni
que between June 2016 and January 2018. The exclusion cri
teria for patients in this study were peripheral sensitive neu-
ropathy, symptomatic osteoarthritis with limited range of 
motion of the first metatarsophalangeal joint, and severe 
vascular disease.

Radiographic analysis 
Pre- and postoperative weight-bearing anteroposterior (AP) 

view radiographs were performed. Radiographic data were 
recorded preoperatively and at the 6-month and 12-month 
follow-up visits. The analysis followed the trigonometric 
measurement model established for Chevron’s osteotomy(14). 
We evaluated the following radiographic parameters: HVA, 
DMAA, and IMA.

Surgical procedure
The surgical procedure consisted of a bunionectomy per-

formed with 12 x 3.1 mm Wedge cutters, followed by percuta-
neous Chevron osteotomies with 20 x 2 mm Shannon burrs 
and Akin osteotomies performed with 12 x 2 mm Shannon 
burrs. Osteotomy fixation was done using 2 3.5 mm fully 
threaded cannulated screws or 4.5 mm headless compression 
screws (Figure 1). All surgical steps were performed under 
fluoroscopic control.

Results 
We included 31 patients (40 feet) operated on using the 

MICA technique for hallux valgus correction. The mean age 
of the patients was 53.45 (± 2.25) years (ranging from 23 to 
77 years) and 90% of them were women.

The mean preoperative HVA angle was 28.85° (± 10.42°). 
At the 6-month postoperative follow-up, the mean value was 
10.78° (± 6.93°), and at the 12-month follow-up, it was 10.60° 
(± 6.65°) (Figure 2).

The mean preoperative IMA value was 15.38° (± 4.07°). At 
6 months postoperative, the mean value was 8.11° (± 2.60°), 
and after 12 months, it was 7.95° (± 2.80°) (Figure 3).

Regarding the DMAA, the mean preoperative value was 
14.35° (± 6.83°), after 6 months it was 7.75° (± 5.51°), and after 
12 months, 7.48° (± 5.39°) (Figure 4).

As sample distributions for the HVA, DMAA, and IMA were 
not symmetrical, we opted for the Friedman test in our initial 
statistical evaluation. The test analyzed 3 paired segments 
(preoperative vs 6-month postoperative vs 12-month posto-
perative) to determine the statistically significant difference 
(p<0.001) between preoperative and postoperative measure-
ments (Table 1).

Figure 1. A) Preoperative radiographic image. B) Radiographic 

image 12 months after surgery.
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Subsequently, the Wilcoxon test (matched pairs) was 
applied to verify at which point during the follow-up the 
statistically significant difference was found. We observed 
no differences in the HVA, DMAA, and IMA radiographic 
parameters from the 6-month to the 12-month follow-up 
(p=0.788). On the other hand, HVA, DMAA, and IMA impro-
ved significantly when comparing the preoperative values to 
the 6-month (p<0.001) and 12-month postoperative periods 
(p<0.001) (Table 2).

Discussion 
There is an increasing interest in minimally invasive surgery 

techniques for the treatment of forefoot pathologies, espe-
cially hallux valgus. Some of the reported advantages include 
less aggression to soft tissues and vascularization(5,6). Howe-
ver, there is still no consensus in the medical literature on the 
most effective technique to correct hallux valgus(6).

At our institution, the MICA osteotomy is the treatment of 
choice for most cases of mild, moderate, and severe hallux 
valgus deformities. We designed this study to assess radio-
graphic parameters of patients undergoing this procedure 
and its effectiveness in the correction of hallux valgus de-
formities.

Following the trigonometric measurement model designed 
for Chevron’s osteotomy(14), we assessed the following radio-
graphic parameters: HVA, DMAA, and IMA between the first 
and second metatarsal.

The HVA is the angle formed between the line running along 
the diaphyseal axis of the proximal phalanx of the hallux and 
the mechanical axis of the first metatarsal. We considered 
values below 15° to be normal(7,14,15). We recorded a mean preo-
perative HVA of 28.8°. At the 12-month postoperative evalua-
tion, the mean value decreased to 10.6 degrees, denoting a 
statistically significant difference (p<0.01) and demonstrating 
a return of the HVA value to normal parameters.

The IMA is the angle formed between the lines that corres-
pond to the first and second metatarsal axes. We considered 
normal values to be equal to or lower than 9o(7,14,15). In our stu-
dy, we found a mean preoperative IMA of 15.38o, and at the 
12-month postoperative follow-up, the mean value decreased 
to 7.95°, denoting a statistically significant difference (p<0.01) 
and return of the IMA to normal angular parameters.

Figure 3. Radiographic parameters over time. Intermetatarsal angle 

(IMA) (mean/standard deviation, in degrees).

Figure 4. Radiographic parameters over time. Distal metatarsal 

articular angle (DMAA) (mean/standard deviation, in degrees).

Figure 2. Radiographic parameters over time. Metatarsopha

langeal angle (hallux valgus angle, HVA), (mean/standard devia-

tion, in degrees).

Table 1. Friedman tests for 3 paired follow-ups (preoperative [pre-op] 

vs 6-month postoperative [post-op] vs 12-month postoperative). 

HVA IMA DMAA
  (Pre-op vs 6 months post-op vs 12 months post-op)

N 40 40 40

Chi-squared 72.788 69.664 35.586

p value p<0.001 p<0.001 p<0.001

DMAA: distal metatarsal articular angle; HVA: hallux valgus angle; IMA: intermetatarsal angle
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Table 2. Wilcoxon test assessing at what point during follow-up the statistically significant difference was found. 

  Metatarsophalangeal angle Intermetatarsal angle Distal metatarsal articular angle

 
Pre-op vs 

PO 6m
PO6m vs 
PO 12m

Pre-op vs 
PO 12m

Pre-op vs 
PO 6m

PO6m vs 
PO 12m

Pre-op vs 
PO 12m

Pre-op vs 
PO 6m

PO6m vs 
PO 12m

Pre-op vs 
PO 12m

Z -5.514b -0.199b -5.513b -5.389b -0.269b -5.519b -4.497b -1.550b -4.591b

p value <0.001 0.842 <0.001 <0.001 0.788 <0.001 <0.001 0.121 <0.001

b. Based on positive posts.
Pre-op: preoperative; PO: postoperative; m: months.

Although the literature is still scarce about this theme, in a si-
milar study evaluating HVA and IMA for this type of osteoto
my(16), the authors found similar results for angular corrections 
comparing preoperative and postoperative measurements.

The DMAA represents the orientation of the articular surface of 
the first metatarsal head(17), measured between the line con-
necting the 2 extreme points of the distal articular surface 
of the first metatarsal bone and the line perpendicular to its 
diaphyseal axis. This angle should not exceed 8°. Although 
some authors suggest that an altered DMAA may be a secon-
dary radiographic projection of a pronation deformity, this 
measure is still widely used and influences treatment deci-
sion making(7,17-19). Osteotomies that produce lateral rotation 
in the axial plane can potentially worsen the DMMA, requiring 
additional procedures for its correction. As the percutaneous 
Chevron is a distal translational osteotomy, we did not obser-
ve this deleterious effect. To our knowledge, there are no stu-
dies to date that explain etiologic factors for increased DMAA 
in hallux valgus.

In most cases, the progression of hallux valgus is simulta-
neous with an unstable first tarsometatarsal joint, which cau-
ses medial deviation and pronation of the first metatarsal(17).

We recorded a mean preoperative DMMA of 14.35°. At the 
12-month postoperative evaluation, this mean value decrea-

sed to 7°, denoting a statistically significant difference (p<0.01) 
and a return of the DMAA value to normal parameters. We 
did not intentionally care for the metatarsal pronation during 
the procedure, but we believe the lateral shift of the first 
metatarsal head itself promotes its correction. 

This study’s weaknesses include the small number of pa-
tients, its retrospective and non-randomized design, and the 
absence of clinical data. Although 2 experienced orthopedic 
surgeons performed all radiographic measurements, an unknown 
bias can affect the results of the study. In addition, the short 
follow-up and small sample group may be insufficient for us 
to reach relevant conclusions.

Conclusion
Many studies have suggested that hallux valgus is a three-di

mensional deformity. Therefore, two-dimensional radiogra-
phic measurements may be insufficient to explain the complex 
nature of this deformity. The advent of three-dimensional 
imaging technologies, such as weight-bearing computed to-
mography scans, should bring us more accurate information 
about this complex deformity. Nevertheless, the radiographic 
parameters evaluated in this study showed that the MICA te-
chnique is effective in promoting satisfactory angular correc
tions that lasted for the 12-month follow-up.
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