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the Open Technique
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bruck, Innsbruck, Austria

Background: The aim of the present prospective randomized study was to evaluate the long-term outcomes of minimally
invasive chevron osteotomy as compared with open distal chevron osteotomy for the correction of hallux valgus deformity.

Methods: A randomized controlled design was applied. The following parameters were assessed at 6 and 12 weeks,
9 months, and 5 years postoperatively: the American Orthopaedic Foot & Ankle Society (AOFAS) Forefoot Score, a visual
analog scale (VAS) score for pain, and a patient-satisfaction score. In addition, several radiographic parameters for hallux
valgus correction and joint degeneration were collected. Range of motion was also assessed. Thirty-nine of 47 feet were
available for analysis at the time of the latest follow-up.

Results: During the 5-year study period, the outcomes of theminimally invasive technique were comparable with those of
the open technique. No significant differences were seen between the 2 groups within 5 years postoperatively in terms of
clinical outcomes (VAS, AOFAS, satisfaction), radiographic outcomes, joint degeneration, or range of motion.

Conclusions: Five years after treatment, the outcome following minimally invasive distal chevron osteotomy is com-
parable with that for the open technique for hallux valgus surgery.

Levels of Evidence: Therapeutic Level I. See Instructions for Authors for a complete description of levels of evidence.

D
istal chevron osteotomy of the first metatarsal bone is
commonly used to correct mild to moderate hallux
valgus deformities1,2. Several published studies, includ-

ing long-term studies3,4, have demonstrated both good radio-
graphic and good clinical outcomes5-8. However, scarring after
open surgery may reduce range of motion. Minimally invasive
surgery (MIS) might be advantageous in terms of clinical out-
comes. Several recent studies have presented data onMIS chevron
osteotomy techniques9-15. While some studies have demonstrated
good clinical and radiographic outcomes11,13,14, 1 study demon-
strated inferior angular correction but resulted in high patient
satisfaction15. Although MIS techniques are presumed to cause
only minor soft-tissue damage with reduced pain levels and
minor deterioration in range of motion, such techniques are still

discussed controversially. In a systematic review of different MIS
techniques for hallux valgus correction, the early results were
promising, although a recommendation for MIS surgery could
not bemade16. A recent prospective randomized study comparing
the MIS technique with the open technique for chevron osteot-
omy demonstrated comparable clinical and radiographic results
after 9 months of follow-up13.

The aim of the present study was to compare the MIS
and open techniques of distal chevron osteotomy after 5
years of follow-up. It was presumed that both techniques
would show comparable clinical outcomes after long-term
follow-up (Hypothesis 1). It was also hypothesized that the
groups would not differ in terms of radiographic outcomes
(Hypothesis 2), the development of degenerative changes
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(Hypothesis 3), or the range of motion of the first metatar-
sophalangeal joint (Hypothesis 4).

Materials and Methods

This study was approved by the local ethical committee.
Informed consent was obtained from all participants in the

study.
Patients with hallux valgus (ethical committee identifier:

UN4674; ctc.tirol-kliniken.at registry identifier:20200215-2202)
who were scheduled to undergo distal chevron osteotomy be-
tween January 2012 and August 2013 were considered for en-
rollment. In all patients, nonoperative treatment had failed prior
to surgery. Exclusion criteria were (1) an age of <18 years, (2)
previous correction of the firstmetatarsal, (3) instability of the first
tarsometatarsal joint, (4) osteoarthritis of the first metatarsopha-
langeal joint, (5) a preoperative hallux valgus angle (HVA) of
<20�, (6) an intermetatarsal angle (IMA) of <10�, (7) an IMA of
>15� (because we favor proximal osteotomy in cases involving
more severe deformity), and (8) additional operative treatment of
the second ray.

Patients listed for distal chevron osteotomy were invited
to participate, gave written informed consent, and were ran-
domized to either the open chevron (OC) group or the MIS
group by lot using random.org software (Fig. 1). In accordance
with the calculated sample size, envelopes were prepared and
put in a black box, with half of them marked “OC” and the
other half marked “MIS.” The day before surgery, an envelope
was picked by a person not involved in patient care, and the
patient was allocated to the group denoted in the envelope.
Sample size was calculated with G*Power17 before study com- mencement. The study was sized to detect clinically relevant

effect sizes of 1 standard deviation (SD) in the main outcome
measures (1.5 points for VAS, 10 points for AOFAS18, 2� for
IMA, and 7� for HVA) between the 2 study groups with at least
80% statistical power when applying an independent t test or
the Mann-Whitney U test. The level of significance was set to
0.05 without correcting for multiple comparisons. One the
basis of these assumptions, we decided to include at least 20
patients per study group.

The surgical technique for the OC group has been exten-
sively reported1,2,4,19. In the present study, the metatarsal head was
fixed with 1 cannulated screw (3.0 or 2.5-mm FRS Screw System,
Biomet-Zimmer) under fluoroscopic guidance and a distal lat-
eral release was performed in all cases.

In the MIS group, the osteotomy was performed via a
dorsomedial incision measuring 3-5 mm in length (in accor-
dance with the blade that was used) (Fig. 2). The soft tissue was
detached from the bone with a microblade; an electric motor-
driven machine with a maximum rotation of 8,000 rpm was
used (NSK Prado Surgic Pro non-optic; NSK). The medial
bunion was excised with use of a straight reamer measuring
3.1 mm (Newdeal SAS). The V-shaped osteotomy was made at
an angle of 60� to 90� with use of a 2.1-mm reamer. The oste-
otomy site was identified fluoroscopically. The osteotomy was
directed toward the head of the third metatarsal with 5� to 10�
plantar angulation. Soft-tissue release was performed through a
lateral incision with a 3-mm length in every case. After the

Fig. 1

Consolidated Standards of Reporting Trials (CONSORT) diagram.

Fig. 2

Intraoperative photograph showing the MIS chevron osteotomy with the

2.1-mm reamer.
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metatarsal head was shifted laterally, it was fixed with a 1.2-mm
Kirschner wire that was inserted through the same incision. To
allow for complete skin closure, the Kirschner wire was angled
and shortened at its insertion point. The remaining osseous
prominence was reamed, and bone debris was washed out.
Metatarsal correction and Kirschner wire positioning were con-
trolled fluoroscopically. Skin closure was performed with a 4-0
nylon suture. Figure 3 shows the radiographic course of a patient
managed with the MIS chevron osteotomy. For the MIS tech-
nique, we acknowledge a learning curve. To reduce errors resulting
from inexperience, the study was started after the performing
surgeon had undergone cadaver training and had surgically treated
a series of 20 patients with the technique. Specific training was not
necessary for the open chevron technique as the performing sur-
geon was clinically experienced with that method.

Both groups followed a standardized postoperative treat-
ment protocol. Immediate weight-bearing with use of a ready-
made hallux valgus shoe (Ofa Bamberg GmbH)was permitted for
6 weeks.

All parameters were assessed preoperatively and after 6
and 12 weeks, 9 months, and ‡5 years. Weight-bearing radi-
ographs were analyzed manually at all time points with use of
Icoview software (ITH coserve technology for healthcare
GmbH; Siemens). Blinded radiographic measurements were
made by 1 orthopaedic foot and ankle surgeon under the
supervision of a consultant orthopaedic foot and ankle sur-
geon. Neither of those individuals was involved in the care of
the patients. The analyzed radiographic outcome measure-
ments, including the HVA, IMA, and distal metatarsal articular
angle (DMAA), have been described previously19. At the time of
follow-up, osteoarthritic changes of the greater toe joint were also
assessed with the fourfold Kellgren and Lawrence grading scale,
which has been reported to describe osteoarthritis in the foot20,21.

A goniometer was used to measure the passive range of
motion of the first metatarsophalangeal joint. Range of motion
was categorized into 3 classes: <30�, 30� to 75�, and >75�. A
visual analog scale (VAS) (ranging from 1 to 10) was used to
evaluate the pain level. Clinical outcome was rated with the

American Orthopaedic Foot & Ankle Society (AOFAS) Fore-
foot Score (the most commonly used clinical score at the onset
of the study, albeit with limited psychometric validation) as
well as with a patient satisfaction scale. For the latter, patients
answered the question “Are you satisfied with the result of the
surgery?” with 1 of 4 responses: (1) very satisfied, (2) satisfied,
(3) undecided, or (4) not satisfied.

The patient-related questions of the AOFAS score were
reported by the participating patients.

As expected, the outcome measures such as VAS and
AOFAS did not follow the normal distribution as assessed by
visual inspection of data and testing for normality with the
Shapiro-Wilk test. Therefore, the Mann-Whitney U test was
used to assess differences in these parameters between the study
groups. Accordingly, medians and interquartile ranges were
used as descriptive measures. Statistical data analysis was per-
formed with SPSS Statistics Version 22 (IBM).

Results

Atotal of 47 feet in 42 patients were enrolled for analysis,
including 25 feet in the MIS group and 22 feet in the OC

group. Figure 1 shows a patient flowchart for our study cohort.

Fig. 3

Radiographs,made at 5 time points (preoperatively and at 6 weeks, 12weeks, 9months, and 5 years after surgery), showing the foot of a patientmanaged

with MIS chevron osteotomy.

TABLE I Preoperative Demographic Data*

OC Group MIS Group

No. of feet 20 19

Right 13 10

Left 7 9

Bilateral involvement (no. of patients) 3 2

Age at time of surgery† (yr) 47 ± 14.3 54 ± 15.2

Female:male ratio (no. of feet) 17:3 16:3

*OC = open chevron osteotomy, and MIS = minimally invasive
surgery chevron osteotomy. †The values are given as the mean
and the standard deviation.
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The drop-out rate was 17% (8 feet). All 8 patients who dropped
out had unilateral involvement; of these, 2 were lost to follow-
up because they moved to another country and 6 did not
mention the reason for declining to continue in the study. All
patients were contacted by letter and by phone. No informa-
tion on the clinical status of the non-participating patients is
available. In total, 39 feet (83%) were followed for ‡5 years
(mean, 67.1 ± 6.1 months), including 20 feet (17 in women and
3 in men) in the OC group and 19 feet (16 in women and 3 in
men) in the MIS group. Demographic data are provided in
Table I. Both groups showed similar age and sex distributions
and laterality. Preoperative clinical and radiographic data
were comparable between the groups (Table II). Hallux
valgus interphalangeus is frequently found in patients with
hallux valgus deformity. Hallux valgus interphalangeus was
corrected by means of an Akin osteotomy in 8 feet (36.4%)
in the OC group and 13 feet (52.0%) in the MIS group. The

higher rate of Akin osteotomies in the MIS cohort might be
explained by the mandatory use of intraoperative fluoros-
copy with this technique, resulting in more precise presen-
tation of the phalangeal bone.

Neither the AOFAS Forefoot Score nor the VAS score
was significantly different between the 2 groups at any of the
test intervals (Hypothesis 1) (Table II). Patient satisfaction was
comparable in both groups as well. At 5 years, 89% of the
patients in the MIS and 70% in the OC group were “very
satisfied.” Two patients, both in the OC group, reported poor
satisfaction. One of these patients had developed partial oste-
onecrosis of the lateral metatarsal head, and 1 had had a
recurrence off hallux valgus. From 6 weeks to 5 years, none
of the radiographic parameters showed significant differences
between the groups (Hypothesis 2) (Fig. 4, Table II). The same
was found for degenerative changes and range of motion
(Hypotheses 3 and 4) (Tables II and III).

TABLE II Preoperative and Postoperative Radiographic and Clinical Data*

OC MIS

P ValueMedian IQR Median IQR

VAS

Preop. 6 4 5 4 0.829

6 wk 1 2 1 3 0.956

12 wk 1 2 0 2 0.144

9 mo 0 3 1 2 0.744

5 yr 0 2 0 1 0.322

AOFAS (points)

Preop. 66.5 32 65 18 0.932

6 wk 72 9 77 17 0.157

12 wk 83.5 14 85 14 0.237

9 mo 90 14 85 15 0.943

5 yr 95 14 95 10 0.235

Improvement, preop. to12 wk 13.5 29 22 22 0.285

Improvement, preop. to 9 mo 20 29 23 25 0.781

DMAA (deg)

Preop. 24.5 9.8 22.2 15.6 0.247

6 wk 6.3 8.2 7.3 10.9 0.322

12 wk 8.2 8.7 7.1 8.9 0.835

9 mo 5.5 7.6 4.1 4.3 0.061

5 yr 7.5 5.2 5.9 5.9 0.396

HVA (deg)

Preop. 28.2 8.3 26.4 12.0 0.201

6 wk 9.8 8.3 10.1 9.3 0.983

12 wk 9.3 10.2 8.5 8.3 0.873

9 mo 8.5 9.3 7.4 7.0 0.839

5 yr 10.3 12.1 9.8 10.7 0.967

Osteoarthritis at 5 yr (Kellgren-Lawrence grade) 0.5 2 0 1 0.194

*OC = open chevron osteotomy, MIS = minimally invasive surgery chevron osteotomy, IQR = interquartile range width, VAS = visual analog scale,
AOFAS = American Orthopaedic Foot & Ankle Society score, DMAA = distal metatarsal articular angle, and HVA = hallux valgus angle.
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Apart from the hypothesis-based analyses, we noted
substantial soft-tissue irritation caused by the Kirschner wire
in the MIS group. As a consequence, the Kirschner wire

was removed in 16 cases in the MIS group, whereas screw
removal was necessary in 4 cases in the OC group. Irre-
spective of implant removal, we noted high satisfaction rat-
ings in both groups. There were no cases of fracture or
nonunion in our study population. In the OC group, we
found 1 case of hallux varus, which remained subclinical.
Two patients in the OC group and 2 patients in the MIS
group had recurrence of hallux valgus with an HVA of <25�22.
This finding had no effect on clinical outcome in terms of the
VAS, AOFAS, or satisfaction scores. One patient in the OC
group had recurrence of hallux valgus with an HVA of >30�.
This patient reported a low AOFAS score and reduced VAS
and satisfaction scores. None of the patients in the present
study had undergone revision surgery at the time of the
latest follow-up.

Discussion

The most important finding of the present study is that
the long-term outcomes after the minimally invasive

chevron technique were comparable with those after the
open technique. For 5 years postoperatively, we detected
no significant differences between the 2 groups with regard
to clinical outcomes (VAS, AOFAS, satisfaction scores),
radiographic outcomes, joint degeneration, or range of
motion.

Fig. 4

Box-and-whisker plot showing the chronological sequence of IMA values preoperatively, immediately postoperatively, at 6 weeks and 12 weeks, and at the

time of latest follow-up. The bars represent the interquartile range (25th to 75th percentile), the lines within the bars represent the medians, the whiskers

represent the minimum and maximum, and the circles represent outliers.

TABLE III Postoperative Range of Motion*

Range of Motion OC MIS P Value

6 wk 0.075

<30� 32% 8%

30�-75� 64% 88%

>75� 4.5% 4%

12 wk 0.653

<30� 9.1% 0%

30�-75� 73% 84%

>75� 18% 16%

9 mo 0.910

<30� 5% 0%

30�-75� 60% 67%

>75� 35% 33%

5 yr 0.496

<30� 0% 0%

30�-75� 50% 37%

>75� 50% 63%

*OC = open chevron osteotomy, and MIS = minimally invasive surgery chevron
osteotomy.
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In an effort to compare our findings with those of
previous research, we identified several studies presenting
data following MIS hallux valgus correction. Consistent
with our findings, several other studies (with non-controlled
study designs) demonstrated good clinical outcomes after
minimally invasive hallux valgus correction at intermediate
and long-term follow-up14,23-25. Similar findings have been
reported for radiographic outcomes, with angular correc-
tion comparable with the results of our study10,14,25. A recent
prospective randomized study demonstrated that the min-
imally invasive and open chevron techniques were associ-
ated with equivalent radiographic and clinical outcomes at
9 months13.

Previous studies that have investigated MIS hallux valgus
surgery have applied different surgical methods and varying
osteotomy techniques, making comparisons difficult. Three
review studies have been published26-28. The authors of 1 of
those studies could not make a definite recommendation con-
cerning MIS hallux valgus surgery26, and the authors of the other
2 studies concluded that further researchwith use of randomized
long-term study designs is needed before definite recommen-
dations can bemade27,28. It has already been shown that, in terms
of the DMAA, a pathological joint line is associated with a sig-
nificantly increased rate of recurrence29. Linear distal osteotomy
techniques are likely to affect the orientation of the joint line and
can result inmetatarsal overload30. Consequently, we believe that
the outcomes achieved withMIS techniques should be evaluated
separately for MIS chevron osteotomy and MIS linear
osteotomy.

A retrospective study has already demonstrated good
clinical and radiographic outcomes after minimally invasive
chevron osteotomy10. Other studies have compared the MIS
chevron technique with the open scarf technique11 and the
open chevron technique14. Both of those studies demonstrated
good clinical and radiographic outcomes after theMIS chevron
osteotomy, comparable with the results presented in our study.
In contrast to those studies, our study had a prospective ran-
domized design with long-term follow-up (minimum, 5 years).
In our study, HVA and IMA showed significant improvement
until 5 years withminor loss of correction and with comparable
clinical and radiographic outcomes between the OC and the
MIS cohorts (Table II). Similar outcomes for the MIS chevron
technique have been previously described in non-controlled
studies9,14,23,24. With regard to the DMAA, we also detected
comparable results in both groups (Table II), indicating that
the DMAA can be restored with the minimally invasive
technique.

Following MIS and open hallux valgus correction, sig-
nificant improvement in clinical scores has been described,
irrespective of the surgical method used3,23,24,31. The results of
our study support this finding as well. We detected significant
and comparable improvement in terms of the AOFAS and VAS
scores in both cohorts at all time-points (Table II). We found
residual pain in both cohorts after 3 and 9 months, with
improvement until the latest follow-up. Similar findings have
previously been reported in the literature32. Clinical satisfaction

was comparable at all time-points, without significant differ-
ences between groups. Giotis et al. previously reported that
preoperative range-of-motion values can be used as a predictor
of outcome33. In the present study, both groups maintained
preoperative range-of-motion values, with the MIS cohort
demonstrating slightly better values.

Our randomized design resulted in cohorts of different
sizes. Different cohort sizes resulted from dissimilar distribu-
tion of bilaterally treated patients.

Another finding of our study was the increased rate of
additional Akin osteotomy in the MIS cohort. The preop-
erative radiographic underrepresentation of hallux valgus
interphalangeus deformity on standard radiographs might
be an explanation for this finding34,35. As phalangeal abnormality
may affect the HVA, we regard its correction to be essential. In
the MIS cohort, intraoperative fluoroscopic control was man-
datory and allowed for specific analysis of the phalangeal
abnormality after the metatarsal correction, whereas in the
open group no intraoperative fluoroscopy was used. This dif-
ference might account for the increased rate of Akin osteotomy
in the MIS cohort.

We documented a higher rate of implant removal in
the MIS group (16 of 25 feet) than in the OC group (4 of 20
feet). We ascribe this finding to soft-tissue irritation due
to the Kirschner wire in the MIS group. In response to
this finding, we have adapted the fixation method for the
MIS technique. We now recommend the use of a cannu-
lated oblique-headed compression screw (3.5-mm TWIN
MIS screw Ø; Marquardt Medizintechnik) for fixation during
MIS chevron osteotomy.

We acknowledge that the present study had limita-
tions. First, it was a single-center study in which the pro-
cedures were performed by 1 senior foot and ankle surgeon.
Second, of the 47 feet that were enrolled, 8 were not available
for follow-up, representing a drop-out rate of 17%. Third,
radiographic measurements were made by 1 blinded observer.
Fourth, a nonvalidated outcomemeasure in terms of the AOFAS
score was used. Fifth, statistical power was limited by the size of
our study cohort. The most positive aspects remain the ran-
domized controlled prospective study design and the 5-year
follow-up.

The findings of our study are clinically relevant as
there is increasing demand for minimally invasive hallux
valgus surgery. Our data are not sufficient to conclude that
the minimally invasive approach is advantageous in com-
parison with the open approach for distal chevron osteot-
omy. An increasing number of studies presenting data on
minimally invasive hallux valgus surgery have been pub-
lished in recent years. However, to our knowledge, no pro-
spective randomized controlled long-term study has been
published previously.

Conclusions
Five years after treatment, the outcomes of MIS distal chevron
osteotomy are comparable with those of open hallux valgus
surgery in terms of patient-reported outcomes, radiographic
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findings related to hallux valgus correction and joint degen-
eration, and range of motion. n
NOTE: Professional language editing of the final manuscript by Sabine Hofer-Picout and translator
Mary Heaney Margreiter is acknowledged.
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