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Article

Hallux valgus surgery is one of the most frequently per-
formed orthopedic interventions of the forefoot.16 Aims 
of operative treatment are to correct the deformity and to 
prevent recurrence with restoration of the biomechanical 
function of the first ray. The selection of the specific 
operative procedure depends both on the extent as well 
as on the location of the deformity and on the degree of 
degeneration of the first metatarsophalangeal (MTP) and 
metatarsocuneiform joint. A surgeon’s preference for a 
specific technique and the patient’s condition may 
thereby have some impact on decision making as well.

Distal first metatarsal osteotomies are frequently used for 
mild or moderate hallux valgus.2,5,13,23 However, to correct 
moderate to severe hallux valgus (hallux valgus angle [HVA] 
≥ 20 degrees, intermetatarsal angle [IMA] ≥ 13 degrees), 
proximal first metatarsal osteotomies are beneficial because 

of their higher corrective potential.12,14,24,25 Proximal first 
metatarsal osteotomy is most commonly performed using a 
proximal closing wedge osteotomy, a proximal chevron 
osteotomy, or a proximal medial opening wedge osteot-
omy technique. Since the development of medially placed 
low-profile locking plates, fixation of proximal first meta-
tarsal osteotomies is more stable mechanically.8,11,28 As a 
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Abstract
Background: The aim of this study was to assess radiographic and clinical outcomes after double osteotomy with 
proximal opening wedge first metatarsal osteotomy and first metatarsal distal chevron osteotomy in the treatment of 
moderate to severe hallux valgus.
Methods: 33 patients (4 male, 29 female; 36 feet; average age 60.7 years) were included in the study. Radiographic and 
clinical outcome in terms of intermetatarsal angle (IMA), hallux valgus angle (HVA), distal metatarsal articular angle (DMAA), 
and the American Orthopaedic Foot & Ankle Society metatarsophalangeal-interphalangeal hallux score (AOFAS MTP-IP 
hallux score) were investigated at 6 weeks, 6 months, and after an average of 28 (range, 7-123) months postoperatively.
Results: Preoperative IMA, HVA, and DMMA showed statistically significant improvement (P ≤ .05) from 19.1 ± 3.8 (8.9-
27.3) degrees, 45.4 ± 8.7 (25.9-60.9) degrees, and 20.8 ± 8.9 (4.5-38.0) degrees to 6.0 ± 3.3 (0.4-12.2) degrees, 9.1 ± 8.9 
(–6.7 to 39.0) degrees, and 6.4 ± 5.6 (–6.8 to 21.0) degrees at last follow-up, respectively. Postoperative AOFAS MTP-IP 
hallux score averaged 88.1 points. Overall, 10 complications were observed: hallux varus (3 feet), hallux valgus recurrence 
(3 feet), nonunion (1 foot), loss of fixation (1 foot), and wound infection (2 feet).
Conclusion: Proximal opening wedge first metatarsal osteotomy with distal chevron osteotomy provided powerful 
correction of each component of moderate to severe hallux valgus but had a substantial rate of complications in terms of 
over- and undercorrection, nonunion, loss of fixation, and wound infection.
Level of Evidence: Level IV, case series.
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consequence, proximal osteotomies are now increasingly 
performed with the opening wedge technique.7,26,27 
Osteotomy as well as fixation are located proximally; there-
fore, a combination with a distal first metatarsal osteotomy 
(double osteotomy) and/or proximal phalangeal osteotomy 
(triple osteotomy) remains feasible. Additional distal first 
metatarsal osteotomy may be required, especially in severe 
deformities or increased distal metatarsal articular angle 
(DMAA ≥ 15 degrees).1,3,21,28 Proximal phalangeal osteot-
omy is usually performed in cases of concomitant hallux 
valgus interphalangeus. However, multiple osteotomies may 
entail a higher risk of complications, such as wound break-
down, infection, nonunion, implant failure, under- or over-
correction (recurrence of hallux valgus, hallux varus), 
fracture, and avascular necrosis.

Multiple case series presenting good radiographic and 
clinical outcomes after basilar first metatarsal osteotomies 
and double first metatarsal osteotomies have been reported*. 
However, only a few studies have presented results after 
double osteotomy with proximal opening wedge first meta-
tarsal osteotomy and first metatarsal distal chevron osteot-
omy.1,6,9,19,28 Therefore, the aim of this study was to assess 
radiographic and clinical outcomes after double osteotomy 
with proximal opening wedge first metatarsal osteotomy 
and first metatarsal distal chevron osteotomy in the treat-
ment of moderate to severe hallux valgus. We hypothe-
sized that our technique results in favorable hallux valgus 
correction and clinical outcomes and that corrective poten-
tial would be superior at the expense of a higher complica-
tion rate.

Methods

The study was designed as a prospective, single-center 
trial. Local ethics committee approval was obtained and 
all patients involved in the study gave their informed con-
sent prior to their inclusion in the study. All patients 
undergoing proximal opening wedge first metatarsal oste-
otomy with concomitant chevron osteotomy of the distal 
first metatarsal (double osteotomy) and/or concomitant 
osteotomy of the proximal phalanx of the great toe (Akin 
osteotomy) for idiopathic adult hallux valgus at the 
Department of Orthopedic Surgery, Medical University 
of Innsbruck, between 2006 and 2016 were screened for 
eligibility in the study.

Indication for proximal opening wedge first metatarsal 
osteotomy was moderate to severe hallux valgus, defined 
by a preoperative HVA of ≥20 degrees and/or an IMA of 
≥13 degrees. In 3 cases with a less pronounced defor-
mity, proximal first metatarsal osteotomy was performed 
because of a reduced first metatarsal width, making full 
correction via distal or diaphyseal first metatarsal 

*References 1, 3, 4, 7, 9, 10, 12, 14, 15, 17, 18, 21, 24-29.

osteotomy unlikely. In cases of abnormal DMAA (≥15 
degrees) or severe deformity (IMA ≥20 degrees, HVA 
≥40 degrees), an additional distal chevron osteotomy 
(double osteotomy) was considered either to correct the 
angulated joint line or to enhance correction by an addi-
tional translation of the first metatarsal head, because cor-
rection with the use of an opening wedge plate has a 
geometrical limitation.

Exclusion criteria were defined as follows: (1) hallux val-
gus surgery other than mentioned above, (2) double first 
metatarsal osteotomy performed for other indications than 
idiopathic adult hallux valgus (eg, juvenile hallux valgus, 
neuromuscular hallux valgus, pes cavus), (3) degenerative 
arthritis of the first MTP joint, (4) tarsometatarsal instability 
diagnosed by clinical examination, (5) severe comorbidity 
associated with an increased risk of nonunion (eg, neuropa-
thy, diabetes mellitus, peripheral vascular disease, but not 
nicotine abuse), (6) previous surgery on the ipsilateral first 
ray, and (7) denial to participate and give informed consent.

After screening for eligibility, 42 patients (45 feet) were 
enrolled in the study. Two patients (2 feet) were excluded 
from statistical analysis due to follow-up <6 months. 
Another 3 patients (3 feet) were excluded because of revi-
sion surgery that interfered with final radiologic evaluation. 
In all three cases, failure of the fixation device required sur-
gical revision. Final clinical follow-up was not available in 
another 4 patients (4 feet). Thus, statistical analysis was car-
ried out on a basis of 33 patients (36 feet). Further detailed 
information on participants’ flow are presented in the 
CONSORT guidelines flow diagram (Figure 1).

Operative Protocol

Correction of hallux valgus was performed using a lateral 
soft-tissue release and a double first metatarsal osteotomy 
in all cases under tourniquet control. The lateral release 
included incision of the lateral metatarso-sesamoidal lig-
ament, release of the adductor hallucis tendon at its 
attachment to the fibular sesamoid, and a longitudinal 
incision of the lateral MTP joint capsule via a separate 
distal dorsomedial approach. All of this release was per-
formed prior to the osteotomy. Via a proximal dorsome-
dial approach, a horizontal osteotomy of the first 
metatarsal was subsequently implemented. Osteotomy 
site and integrity of the lateral cortical bone was ascer-
tained by intraoperative fluoroscopy. After completing 
the opening wedge maneuver to the required correction 
based on intraoperative clinical and radiographic evalua-
tion (usually 5 mm), fixation was achieved by using a 
locking plate (2.3 mm Pedus-O open wedge locking plate; 
Marquardt, Spaichingen, Germany). A distal chevron 
osteotomy of the first metatarsal was added via the dorso-
medial incision of the lateral release. The apex of the 
osteotomy was situated in the center of the first 
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metatarsal head and the angle of the chevron was 60 to 90 
degrees. The first metatarsal head was shifted laterally 
and in cases of increased DMAA tilted medially by 
impacting the metatarsal head onto the shaft or, if neces-
sary, by excising a medially based wedge from the distal 
dorsal cut. Sesamoid position was controlled clinically by 
sight and confirmed fluoroscopically. One or two 1.2- to 
1.4-mm antegrade K-wires were inserted for fixation of 
the first metatarsal head. Akin osteotomy was performed 
additionally in cases of concomitant hallux valgus inter-
phalangeus (Figures 2, 3, and 4).

Postoperative management was standardized. To main-
tain positioning of the hallux, corrective soft dressings were 
applied for 2 weeks. Patients were mobilized immediately 

in a custom-made hallux valgus shoe (Ofa GmbH, Bamberg, 
Germany). The operative shoe was discontinued after 6 
weeks. Partial weightbearing was recommended for 2 
weeks, followed by progressive full weightbearing for 4 to 
6 weeks.

Outcomes

Baseline demographic and clinical characteristics (gender, 
age, side, and type of operation) were recorded for all 
patients (Table 1). In 42 patients (45 feet), hallux valgus 
correction was achieved using a double first metatarsal 
osteotomy. An additional Akin osteotomy was performed in 
19 feet (42.2%).

Figure 1. CONSORT guidelines flow diagram.
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Routine clinical and radiographic follow-up was prospec-
tively scheduled at 6 weeks and 6 months after surgery as part 
of the routine postoperative outpatient visits. Additionally, 
patients were invited for a final clinical and radiographic 

exam at an average of 28.0 ± 22.9 (range, 7-123) months 
after the procedure, including the American Orthopaedic 
Foot & Ankle Society metatarsophalangeal-interphalangeal 
hallux score (AOFAS MTP-IP hallux score), range of motion 
(ROM) of the first MTP joint, and patients’ satisfaction with 
surgery (excellent, good, fair, poor). Clinical outcome was 
collected by independent health care professionals, who were 
not directly involved in the study.

Radiographic assessments were based on weight-
bearing anteroposterior (AP) and lateral radiographs per-
formed preoperatively and at 6 weeks, 6 months, and at 
final follow-up. Measurements were performed in digital 
manner on the radiographs using the Icoview software 

Table 1. Baseline (Preoperative) Characteristics.

Sexa

 Male 4 (11.1)
 Female 32 (88.9)
Age, yb 60.7 ± 12.2 (33.0-82.0)
Sitea

 Right 14 (38.9)
 Left 22 (61.1)

aValues given as n (%).
bValues given as m ± SD (range).

Figure 2. Preoperative weight-bearing anteroposterior 
radiograph of severe hallux valgus with hallux valgus 
interphalangeus.

Figure 3. Postoperative weight-bearing anteroposterior 
radiograph at a 6-week follow-up after double osteotomy 
with proximal opening wedge first metatarsal osteotomy and 
first metatarsal distal chevron osteotomy and additional Akin 
osteotomy.

Figure 4. Postoperative weight-bearing anteroposterior 
radiograph at a 12-month follow-up after double osteotomy 
with proximal opening wedge first metatarsal osteotomy and 
first metatarsal distal chevron osteotomy and additional Akin 
osteotomy.
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(syngo.share; ITH icoserve healthcare GmbH, Siemens, 
Innsbruck, Austria). All radiographic evaluations were 
completed by a foot and ankle fellowship–trained attend-
ing orthopedic surgeon, who was not involved in patients’ 
care. The radiographic outcome measures used in this 
study were as follows: (1) the HVA, which was the angle 
subtended by lines bisecting the longitudinal axes of the 
first metatarsal and first proximal phalanx on the stand-
ing AP radiograph; (2) the IMA, which was the angle 
subtended by the lines bisecting the longitudinal axes of 
the first and second metatarsals on the standing AP 

radiograph; (3) the DMAA, which was the angle 
between the distal articular surface and the perpendicu-
lar line to the longitudinal axis of the first metatarsal; 
(4) first MTP joint congruency, which was estimated to 
one of 2 classes: congruent joint and parallel joint lines, 
or noncongruent joint and joint lines convergent; (5) 
sesamoid subluxation (grade 0-3), which was the dis-
placement of the sesamoids relative to the longitudinal 
axis of the first metatarsal according to Smith et al30—
grade 0 was considered as sesamoids being nondisplaced, 
grades 1 to 3 were summarized as sesamoids being 

Table 2. Radiological Outcomes.a

Parameter Outcome P Value

IMA
 Preoperative 19.1 ± 3.8 (8.9 to 27.3) <.001b

 6 wk 4.8 ± 2.9 (0.3 to 11.2)
 6 mo 6.0 ± 3.3 (0.4 to 12.2)
 Last follow-up 6.3 ± 3.1 (0.4 to 12.8)
HVA
 Preoperative 45.4 ± 8.7 (25.9 to 60.9) <.001c

 6 wk 7.5 ± 7.4 (–5.2 to 32.0)
 6 mo 8.8± 7.0 (–4.9 to 25.0)
 Last follow-up 9.1 ± 8.9 (–6.7 to 39.0)
DMAA
 Preoperative 20.8 ± 8.9 (4.5 to 38.0) <.001c

 6 wk 8.1 ± 7.3 (–1.0 to 29.4)
 6 mo 6.7 ± 5.2 (–0.8 to 18.1)
 Last follow-up 6.4 ± 5.6 (–6.8 to 21.0)
DMAA within normal range (0-15 degrees)
 Preoperative 9 (25.0) <.001d

 Postoperative 31 (86.1)
MTP joint congruent, n (%)
 Preoperative 4 (11.1) <.001d

 Postoperative 6 weeks 31 (86.1)
 Postoperative last follow-up 29 (80.6)
Sesamoids displaced (Grade 1 + 2 + 3e), n (%)
 Preoperative 36 (100) .017d

 Postoperative 6 weeks 23 (63.9)
 Postoperative last follow-up 30 (83.3)
Metatarsal 1/2 length, n (%)
 Longer first metatarsal, preoperative 0 (0.0) NA
 Longer first metatarsal, postoperative 1 (2.8)
 Equal metatarsal length, preoperative 11 (30.6)
 Equal metatarsal length, postoperative 12 (33.3)
 Shorter first metatarsal, preoperative 25 (69.4)
 Shorter first metatarsal, postoperative 23 (63.8)

Abbreviations: DMAA, distal metatarsal articular angle; HVA, hallux valgus angle; IMA, intermetatarsal angle; MTP, metatarsophalangeal; NA, not available.
aValues are given as m ± SD (range), unless otherwise noted.
bPaired Wilcoxon test for nonnormally distributed groups.
cPaired Student t test.
dMcNemar test.
eSmith et al.30
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displaced; and (6) first metatarsal length, which was the 
relation of the lengths of the first and second metatarsal 
as indicated by a horizontal line drawn from the second 
metatarsal head to the first metatarsal head on the stand-
ing AP radiographs.

Complications were closely monitored and treated as 
soon as detected. Method-related complications were dis-
tinguished from general complications. They were cate-
gorized as severe or minor. The need to perform operative 
revision was considered to be a severe complication. 
Hallux valgus recurrence (defined as HVA > 20 degrees) 
and hallux varus (defined as HVA < 0 degrees) were 
rated as a complication as well.

Statistical Methods

Statistical analysis was performed using SPSS Statistics 
22 (IBM Analytics, Armonk, NY). Normality distribu-
tion was assessed by Kolmogorov-Smirnov tests and 
observation of histograms. Differences among groups 
were analyzed with Mann-Whitney U test for nonnor-
mally distributed variables and with independent Student 
t test for normally distributed variables. The McNemar 
test was applied to compare 2 paired, dichotomous, pre- 
and postoperative radiologic outcome variables within 
both groups. Data were expressed as mean ± SD if not 
otherwise indicated. P <.05 was considered to be statis-
tically significant. With an observed sample size of n = 
40, a post hoc power analysis using G*Power 3.1.9.2 
(Heinrich-Heine-Universität Düsseldorf, Düsseldorf, 
Germany) indicated 35% power to detect a medium 
effect size (Cohen d = 0.5) at a significance level of P = 
.05 using 2-sided tests.

Results

Radiographic Outcomes

Favorable radiologic outcome after double osteotomy 
with proximal opening wedge first metatarsal osteotomy 
and first metatarsal distal chevron osteotomy was obtained 
in most cases (Table 2). Preoperative IMA of 19.1 ± 3.8 
(8.9-27.3) degrees was corrected by 12.8 ± 4.8 degrees to 
6.3 ± 3.1 (0.4-12.8) degrees at last follow-up. Preoperative 
HVA of 45.4 ± 8.7 (25.9-60.9) degrees was corrected by 
36.3 ± 12.9 degrees to 9.1 ± 8.9 (–6.7 to 39.0) degrees. 
Preoperative DMAA of 20.8 ± 8.9 (4.5-38.0) degrees was 
corrected by 14.4 ± 10.3 degrees to 6.4 ± 5.6 (–6.8 to 
21.0) degrees. In particular, abnormal preoperative 
DMAA was corrected to normal in 86.1% of cases. 
Similarly, joint congruence was restored in 86.1% at 6 
weeks postoperatively. In contrast to these findings, sesa-
moids were relocated completely in less than half of cases 
(36.1%). Further deterioration of sesamoid position 
between 6 weeks and last follow-up was observed in 9 
feet. First metatarsal lengthening was observed in 2 cases, 
whereas first metatarsal shortening was not be detected in 
our cohort.

Clinical Outcomes
Clinical outcome after double first metatarsal osteotomy 
using the American Orthopaedic Foot & Ankle Society 
metatarsophalangeal-interphalangeal hallux score (AOFAS 
MTP-IP hallux score), which averaged more than 85 points, 
was favorable (Table 3). Postoperative ROM of the first 
MTP joint averaged 45 degrees. Patient satisfaction was 
rated as excellent or good in nearly all cases.

Complications

Overall, 10 complications occurred. Three severe method-
related complications leading to revision surgery were 
observed: in the first case, a displaced first metatarsal 
head was relocated and proceeded to union with screw 
fixation. In the second case, MTP joint fusion was per-
formed for symptomatic hallux varus. In the third case, a 
proximal first metatarsal nonunion in a patient with severe 
chronic polyarthritis was treated by incorporation of the 
adjacent metatarsocuneiform joint and fusion with a 
7-hole-locking plate. Furthermore, 7 minor complications 
were observed: superficial wound infection in 2 feet, 
which were treated successfully with antibiotic therapy; 3 
hallux valgus recurrences; and 2 asymptomatic varus 
deformities. None of these cases needed revision surgery 
so far, and therefore they were rated as minor complica-
tions. We did not observe any case of first metatarsal head 
avascular necrosis in our cohort.

Table 3. Clinical Outcomes.a

ROM
 6 wk 39.4 ± 11.8 (15-75)
 6 mo 44.4 ± 9.8 (25-60)
 Last follow-up 46.7 ± 11.4 (15-65)
AOFAS MTP-IP hallux score
 Total 88.1 ± 8.8 (67-100)
 Pain 35.8 ± 6.0 (20-40)
 Function 39.2 ± 4.6 (24-45)
 Alignment 13.3 ± 2.7 (10-15)
Patient satisfaction, n (%)
 Excellent 25 (69.4)
 Good 10 (27.8)
 Fair 1 (2.7)
 Poor 0 (0.0)

Abbreviations: AOFAS MTP-IP, American Orthopaedic Foot &  
Ankle Society metatarsophalangeal-interphalangeal; ROM, range of 
motion.
aValues are given as m ± SD (range), unless otherwise noted.
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Discussion

In this trial, postoperative clinical and radiologic out-
comes were favorable after double osteotomy with proxi-
mal opening wedge first metatarsal osteotomy and first 
metatarsal distal chevron osteotomy, although the com-
plication rate was higher than that reported after isolated 
proximal first metatarsal osteotomies. In accordance with 
the recommendations given in the literature,2,5,13,23 proxi-
mal first metatarsal osteotomies are usually recommended 
for moderate to severe hallux valgus associated with 
metatarsus primus varus because of their high corrective 
power. The use of low profile locking plates obtains 
higher stability and therefore has made opening wedge 
techniques more popular.8,11,28 However, it involves the 
risk of first metatarsal lengthening, resulting in abnormal 
first MTP joint loading and stiffness.7,28 Therefore, dou-
ble osteotomy might be superior in preserving physio-
logic first metatarsal length.1,3,9,28,29 Furthermore, basal 
opening wedge osteotomy is meant to increase the 
DMAA. For this reason, a concomitant distal chevron 
osteotomy with medial rotation is beneficial in cases of 
preoperatively high DMAA*. In our patients, we found a 
high incidence of abnormal DMAA, which necessitated 
double first metatarsal osteotomy in the majority of our 
patients. IMA and HVA were effectively and reliably cor-
rected by a proximal opening wedge first metatarsal oste-
otomy, whereas DMAA could be corrected in these cases 
by adding a biplanar distal chevron osteotomy. In case of 
concomitant hallux valgus interphalangeus, an additional 
Akin osteotomy was performed in 19 feet (42.2%). Thus, 
our radiologic and clinical outcome after proximal open-
ing wedge first metatarsal osteotomy with additional dis-
tal first metatarsal osteotomy is comparable to those 
reported in literature recently. Al-Nammari et al1 reported 
a postoperative IMA, HVA, and DMAA of 7, 4, and 6 
degrees, respectively, after double first metatarsal oste-
otomy in 47 feet with a mean follow-up of 45 months. 
Patient satisfaction rate was 96%, with a mean postopera-
tive summary index Manchester-Oxford Foot 
Questionnaire (MOXFQ) score of 12.9 points. In a study 
by Siekmann et al,28 postoperative IMA averaged 8.6 
degrees with an AOFAS score of 94.2 points at an average 
follow-up of 59.3 months after multiple first ray 
osteotomies.

When performing proximal first metatarsal osteotomy 
with or without additional distal first metatarsal osteot-
omy, special attention is paid to changes in length of the 
first metatarsal. Although first metatarsal lengthening 
seems more likely after isolated basal opening wedge first 
metatarsal osteotomy, shortening might occur in cases  
of double osteotomy. In cases of substantial lengthening, 

*References 1, 3, 9, 10, 15, 17, 18, 21, 28, 29.

hallux MTP joint overload and reduced ROM or even hal-
lux MTP joint subluxation may arise.28 In our study, no 
substantial first metatarsal lengthening or shortening was 
seen after double first metatarsal osteotomy, and ROM of 
the first MTP joint tended to be satisfactory. This might be 
explained by the use of an opening wedge basal osteotomy 
together with a biplanar distal chevron osteotomy with 
excision of a medial wedge, a so-called isometric double 
osteotomy described by Siekmann et al.28 Furthermore, we 
did not find a substantial accumulation of MTP joint 
osteoarthritis in our patients. However, long-term follow-
up might be needed to draw definite conclusions.

Another common occurrence after double first metatar-
sal osteotomy is over- and undercorrection in terms of hal-
lux varus and hallux valgus recurrence.7,14,31 In our study 
population, hallux varus occurred in 3 patients. However, 
hallux MTP joint arthrodesis was necessary in only 1 
patient, whereas hallux varus deformity was asymptom-
atic in the other 2 cases. Recurrence of hallux valgus was 
seen in another 3 patients. None of them required revision 
surgery so far. Recurrence of hallux valgus has been 
shown to correlate to the preoperative HVA, IMA, DMAA, 
sesamoid position, and MTP joint congruency.20,22 In our 
series, the recurrence rate seemed acceptable. Interestingly, 
sesamoid position was restored in less than half of cases 
and even deteriorated at final follow-up. This finding may 
be attributed to the high preoperative deformity in this 
group. However, we could not find a correlation to hallux 
valgus recurrence.

Nonunion and loss of fixation requiring revision sur-
gery was observed in 2 cases in our cohort. We therefore 
conclude that our technique of combining a proximal 
opening wedge osteotomy with a distal chevron osteot-
omy fixated by K-wires inserted from the proximal oste-
otomy was safe and reproducible . However, fixation of 
the distal osteotomy by 1 or 2 headless compression 
screws might also be feasible.1,9,28

The use of double first metatarsal osteotomy for cor-
rection of moderate to severe hallux valgus remains con-
troversial. Although many surgeons argue that double 
osteotomies expose patients to an unnecessarily high risk 
of complications, therefore single osteotomies should be 
preferred. Double osteotomy might be necessary espe-
cially in case of high DMAA, high preoperative defor-
mity with small first metatarsal diameter, or substantial 
first metatarsal overlengthening.19 Because high-quality 
comparative studies on double first metatarsal osteoto-
mies are still lacking in the literature, our findings are 
clinically relevant to further elucidate the use of double 
first metatarsal osteotomies for correction of moderate to 
severe hallux valgus in the future.

We recognize the following limitations for our study: 
(1) this study was conducted in a single center, which is 
associated with a lower external validity; (2) an a priori 
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sample size calculation was not done, which represents a 
weakness in study design; (3) follow-up of 28 months is 
regarded as a preliminary result; and (4) clinical outcomes 
were not collected preoperatively.

Conclusion

Proximal opening wedge first metatarsal osteotomy with 
distal chevron osteotomy provided powerful correction of 
moderate to severe hallux valgus. Double osteotomy 
allowed for individual correction of each component of the 
deformity in case of abnormal DMAA but had a substantial 
rate of complications in terms of over- and undercorrec-
tion, nonunion, loss of fixation, and wound infection.

Author Note

Investigation performed at the Orthopedic Department of the 
Medical University of Innsbruck, Austria

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this arti-
cle. ICMJE forms for all authors are available online.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iD

Matthias Braito, MD, PhD,   https://orcid.org/0000-0002-1602 
-7588

References

 1. Al-Nammari SS, Christofi T, Clark C. Double first metatarsal 
and akin osteotomy for severe hallux valgus. Foot Ankle Int. 
2015;36(10):1215-1222.

 2. Coughlin MJ. Hallux valgus. J Bone Joint Surg Am. 
1996;78(6):932-966.

 3. Coughlin MJ, Carlson RE. Treatment of hallux valgus with 
an increased distal metatarsal articular angle: evaluation 
of double and triple first ray osteotomies. Foot Ankle Int. 
1999;20(12):762-770.

 4. Diaz Fernandez R. Percutaneous triple and double oste-
otomies for the treatment of hallux valgus. Foot Ankle Int. 
2017;38(2):159-166.

 5. Easley ME, Trnka HJ. Current concepts review: hallux val-
gus part II: operative treatment. Foot Ankle Int. 2007;28(6): 
748-758.

 6. Edmonds EW, Ek D, Bomar JD, Joffe A, Mubarak SJ. 
Preliminary radiographic outcomes of surgical correction in 
juvenile hallux valgus: single proximal, single distal versus 
double osteotomies. J Pediatr Orthop. 2015;35(3):307-313.

 7. Glazebrook M, Copithorne P, Boyd G, et al. Proximal open-
ing wedge osteotomy with wedge-plate fixation compared 
with proximal chevron osteotomy for the treatment of hallux 

valgus: a prospective, randomized study. J Bone Joint Surg 
Am. 2014;96(19):1585-1592.

 8. Hofstaetter SG, Glisson RR, Alitz CJ, Trnka HJ, Easley ME. 
Biomechanical comparison of screws and plates for hal-
lux valgus opening-wedge and Ludloff osteotomies. Clin 
Biomech (Bristol, Avon). 2008;23(1):101-108.

 9. Jeyaseelan L, Chandrashekar S, Mulligan A, Bosman HA, 
Watson AJ. Correction of moderate to severe hallux valgus 
with combined proximal opening wedge and distal chevron 
osteotomies: a reliable technique. Bone Joint J. 2016;98-
B(9):1202-1207.

 10. Jochymek J, Peterkova T. Double osteotomy of the first 
metatarsal for treatment of juvenile hallux valgus defor-
mity—our experience. Acta Chir Orthop Traumatol Cech. 
2016;83(1):32-37.

 11. Jones C, Coughlin M, Petersen W, Herbot M, Paletta J. 
Mechanical comparison of two types of fixation for proxi-
mal first metatarsal crescentic osteotomy. Foot Ankle Int. 
2005;26(5):371-374.

 12. Limbird TJ, DaSilva RM, Green NE. Osteotomy of the first 
metatarsal base for metatarsus primus varus. Foot Ankle. 
1989;9(4):158-162.

 13. Mann RA, Coughlin MJ. Hallux valgus—etiology, anatomy, 
treatment and surgical considerations. Clin Orthop Relat Res. 
1981;157:31-41.

 14. Mann RA, Rudicel S, Graves SC. Repair of hallux valgus 
with a distal soft-tissue procedure and proximal metatarsal 
osteotomy. A long-term follow-up. J Bone Joint Surg Am. 
1992;74(1):124-129.

 15. Mathew PG, Sponer P, Pavlata J, Shaikh HH. Our experience 
with double metatarsal osteotomy in the treatment of hallux 
valgus. Acta Medica (Hradec Kralove). 2012;55(1):37-41.

 16. Nix S, Smith M, Vicenzino B. Prevalence of hallux valgus in 
the general population: a systematic review and meta-analy-
sis. J Foot Ankle Res. 2010;3:21.

 17. Osterwalder A, Maestretti G. Metatarsus primus double 
osteotomy, a logical and non-disabling surgical technique 
for treatment of hallux valgus [in German]. Helv Chir Acta. 
1993;60(1-2):245-248.

 18. Park CH, Cho JH, Moon JJ, Lee WC. Can double osteot-
omy be a solution for adult hallux valgus deformity with an 
increased distal metatarsal articular angle? J Foot Ankle Surg. 
2016;55(1):188-192.

 19. Park CH, Lee WC. Is double metatarsal osteotomy superior 
to proximal chevron osteotomy in treatment of hallux valgus 
with increased distal metatarsal articular angle? J Foot Ankle 
Surg. 2018;57(2):241-246.

 20. Pentikainen I, Ojala R, Ohtonen P, Piippo J, Leppilahti J. 
Preoperative radiological factors correlated to long-term 
recurrence of hallux valgus following distal chevron osteot-
omy. Foot Ankle Int. 2014;35(12):1262-1267.

 21. Peterson HA, Newman SR. Adolescent bunion deformity 
treated with double osteotomy and longitudinal pin fixation 
of the first ray. J Pediatr Orthop. 1993;13(1):80-84.

 22. Raikin SM, Miller AG, Daniel J. Recurrence of hallux valgus: 
a review. Foot Ankle Clin. 2014;19(2):259-274.

 23. Robinson AH, Limbers JP. Modern concepts in the treatment 
of hallux valgus. J Bone Joint Surg Br. 2005;87(8):1038-
1045.

https://orcid.org/0000-0002-1602-7588
https://orcid.org/0000-0002-1602-7588


Braito et al 9

 24. Sammarco GJ, Brainard BJ, Sammarco VJ. Bunion cor-
rection using proximal Chevron osteotomy. Foot Ankle. 
1993;14(1):8-14.

 25. Sammarco GJ, Conti SF. Proximal Chevron metatarsal oste-
otomy: single incision technique. Foot Ankle. 1993;14(1): 
44-47.

 26. Saragas NP. Proximal opening-wedge osteotomy of the first 
metatarsal for hallux valgus using a low profile plate. Foot 
Ankle Int. 2009;30(10):976-980.

 27. Shurnas PS, Watson TS, Crislip TW. Proximal first metatar-
sal opening wedge osteotomy with a low profile plate. Foot 
Ankle Int. 2009;30(9):865-72.

 28. Siekmann W, Watson TS, Roggelin M. Correction of mod-
erate to severe hallux valgus with isometric first metatarsal 
double osteotomy. Foot Ankle Int. 2014;35(11):1122-1130.

 29. Smith BW, Coughlin MJ. Treatment of hallux valgus with 
increased distal metatarsal articular angle: use of double and 
triple osteotomies. Foot Ankle Clin. 2009;14(3):369-382.

 30. Smith RW, Reynolds JC, Stewart MJ. Hallux valgus assess-
ment: report of research committee of American Orthopaedic 
Foot & Ankle Society. Foot Ankle. 1984;5(2):92-103.

 31. Thordarson DB, Leventen EO. Hallux valgus correction with 
proximal metatarsal osteotomy: two-year follow-up. Foot 
Ankle. 1992;13(6):321-326.


