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Abstract
Purpose There is growing evidence supporting minimally
invasive surgical (MIS) techniques for correction of symptomatic hallux valgus. The aim of this study was to present a
hybrid third-generation technique and assess the safety and
efficacy from the first 45 procedures.
Methods Forty-five consecutive feet underwent a thirdgeneration MIS distal chevron osteotomy with a minimum
six month follow-up (range six to 17 months). This technique
uses both first- and second-generation techniques plus a distal
chevron osteotomy and screw for improved control and
stabilisation of the metatarsal head. All patients were clinically
assessed using the Manchester–Oxford Foot Questionnaire
(MOXFQ). Radiographic measures included hallux valgus
angle (HVA), intermetatarsal angle (IMA), first metatarsal
length and overall toe length.
Results There were significant improvements in all three domains of the MOXFQ (p<0.001). There was also significant
improvement in all radiographic parameters (p<0.001). Mean
HVA decreased from 30.54° to 10.41°, and the mean IMA
decreased from 14.55° to 7.11°. Shortening of the first
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metatarsal had no effect on clinical outcomes. There was a
very low rate of complications.
Conclusion The short-term results of this third-generation
technique show that it is a safe procedure with good clinical
outcomes and compares favourably with earlier techniques.
Keywords Hallux valgus . Bunion . Minimally invasive .
MIS . Chevron

Introduction
Hallux valgus is a common condition with progressive abduction and pronation of the first phalanx, adduction, pronation
and elevation of the first metatarsal (MT) and lateral capsular
retraction of the first metatarsophalangeal joint (MTPJ). Pain
and discomfort are felt because of inflammation of the bursa
overlying the medial eminence, and irritation of the dorsal
cutaneous nerve. There have been >150 procedures described
for the treatment of hallux valgus, but as yet there is no
consensus on the best method.
Distal MT chevron osteotomy is a good option in mild to
moderate hallux valgus, providing good results in deformity
correction and in symptom relief [1]. In the last decade, there
has been a growing interest in the use of minimally invasive
techniques for the treatment of this condition, but a recent
review article concluded that there was not enough evidence
to favour minimally invasive surgery (MIS) over traditional
open techniques [2, 3]. This was largely owing to the fact that
the majority of published series were case series without
comparison or control groups. The technique described in this
paper is a modification of the minimally invasive chevron and
akin (MICA) technique described by Redfern and Vernois,[4],
which uses some parts of the original Bosch and, later, SERI
(simple, effective, rapid and inexpensive), techniques [5, 6].
Minimally invasive techniques are being adopted in all
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surgical specialties essentially because of the advantages to
soft tissues. This has the theoretical advantages of decreasing
recovery and rehabilitation times, thereby reducing the morbidity associated with both the disease process and the operative intervention. In hallux valgus surgery in particular, minimally invasive techniques have the potential added benefits
for patients in whom wound healing is a problem. The aim of
this study was to describe this new, third-generation MIS
technique and review early clinical and radiological outcomes.

Materials and methods
Institutional review board approval was obtained for this
prospective cohort study. A total of 45 consecutive feet (35
patients) with symptomatic hallux valgus underwent a thirdgeneration MIS correction by the senior author. Baseline
characteristics are shown in Table 1. Patients were excluded
from the study if they required additional foot procedures at
the same time; this was done to reduce potential confounding
factors.
Radiographic analysis was performed on standard weightbearing anteroposterior and lateral radiographs. Hallux valgus
angle (HVA) was categorised as mild (15–20°), moderate (21–
39°) and severe (≥40°). Intermetatarsal angle (IMA) was
categorised as mild (9–11°), moderate (12–17°) and severe
(≥18°). Additional radiographic measures included toe length
(base of first MT to tip of distal phalanx), first MT length and
plantar offset (amount of plantar translation of MT head
following osteotomy). Radiographic analysis was performed
by a single observer (KB).
All patients were clinically assessed pre- and postoperatively with the Manchester–Oxford Foot Questionnaire
(MOXFQ), which was designed as an outcome measure
following hallux valgus surgery and is as effective as and
comparable with AOFAS and the Short-Form Health Survey of 36 Questions (SF-36) [7]. There are three domains:
Walking/Standing (seven items); Pain (five items); and
Social Interaction (four items) scores. Response options
consist of a five-point Likert scale ranging from no to
maximal limitation. An individual score is used for each
domain and converted into a metric score from 0–100,
where 100=most severe. The MOXFQ was designed to be
interpreted as three separate scores, although a recent
study [8] suggested that summation of the three domains,
similar to the AOFAS score, also has validity. All complications were recorded.

Table 1 Baseline patient characteristics

SD standard deviation

Patients undergoing MIS for symptomatic
hallux valgus (n=45)
Age mean (SD)
Gender: F/M
Unilateral/bilateral

54 Years (10.9)
45/1
25/10

is inserted. If neutral alignment of the great toe cannot be
achieved with varus pressure on the toe, then percutaneous release of the fibular sesamoid ligaments and conjoined tendon of the adductor hallucis tendon is undertaken using an image intensifier. In an earlier study by the
senior author, the incidence of release during MIS distal
chevron was 10 % [9]. Neutral alignment of the toe with
relocation of the sesamoids under the MT head is then
checked using the image intensifier. A stab incision is
made adjacent to the medial proximal nail fold, and a
1.8-mm titanium wire is inserted superficial to the periosteum of the distal phalanx of the toe, stopping short of the
medial eminence of the first MT (Fig. 1). A 5-mm extensile incision is made over the first MT neck, cutaneous

Third-generation MIS technique
Surgery is performed with patients supine with an ankle
tourniquet. Antibiotics are given on anaesthesia induction.
After a standard prep, 20 ml 0.5 % marcaine Mayo block

Fig. 1 First, a 1.8-mm titanium guidewire inserted extraperiosteally from
nail fold to first metatarsal (MT) head. Second, a 5-mm incision is made
over the MT neck, and the chevron osteotomy is made using the burr
directed towards the head of the third MT
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nerves are carefully sought and, if found, avoided and soft
tissues are carefully spread down to bone. A mini periosteal elevator is passed around the first MT neck superiorly
and inferiorly to create a deep soft-tissue pouch to provide
a safe working area for the burr.
A 2 x 20-mm Shannon Burr (WG Healthcare, UK) on a
console set at 50 NM torque and 250 rpm is used to create
a perpendicular hole in the first MT neck. This is angled
distally towards the third MT head and plantarward by
20° (Fig. 1). This is checked on the image intensifier.
Superior and inferior side cuts are made to complete the
chevron shape. The inferior limb is longer than the superior limb of the bony cut (Fig. 2). The 1.8-mm titanium
wire is then advanced into the incision. Using a mosquito
clip, the wire is gently introduced into the intramedullary
canal of the first MT. This causes lateral, distal and
plantar displacement of the first MT head (Fig. 3), thereby
creating a 3D correction of the deformity, as seen in other
described techniques [10] with good outcomes. The position is checked on the image intensifier, and the wire is
advanced to the base of the first MT.
Once the position is accepted, a separate stab incision
is made 2 cm proximal and medial to the osteotomy site.
A 1.1-mm guidewire is inserted at this point obliquely and
advanced across the osteotomy site into the MT head,
remaining outside the joint surface (Fig. 4). This is measured, drilled and countersunk, and an appropriate
Barouk-type screw is inserted over the wire (Fig. 4).
Anteroposterior (AP) and lateral views are taken at the
end of the procedure. The wound is closed with a 4.0
nylon mattress suture after irrigation, and the screw incision is closed with a steristrip. The 1.8-mm wire is bent
and cut short distally, dressed with Jelonet and gentamicin
sponge and the foot is dressed with gauze, wool and
crepe.

Fig. 3 The wire is inserted through the osteotomy site, causing lateral,
distal and plantar displacement of the first metatarsal (MT) head. A
guidewire is inserted across the osteotomy through a separate stab incision. This is measured, drilled and countersunk

Postoperative management
The patient is allowed to bear weight on the heel while wearing
a surgical shoe, and the K-wire is removed four weeks postoperatively. A removable Valgulok (Bauerfind, Germany) splint is
then applied, but the patient is encouraged to remove this ten to
15 times a day to mobilise the first MTPJ. The patient is
allowed to increase their weight bearing over the entire foot at
this point. A standing AP and lateral radiograph is taken at six
to eight weeks to ensure bony healing.
Statistics
Fig. 2 Lateral view of chevron osteotomy with longer plantar than dorsal
limb and distal and plantar angle, thereby allowing increased length and
plantar offset

Data were analysed using the IBM SPSS 20 statistical package. In order to investigate the effect of MT length change on
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Table 2 Preoperative radiological severity prior to minimally invasive
surgery
Angle

Degree of severity

Patients n=42

Hallux valgus

Mild (15–20°)
Moderate (21–39°)
Severe (≥40°)
Mild (9–11°)

5 (12 %)
31 (74 %)
6 (14 %)
5 (12 %)

Moderate (12–17°)
Severe (≥18°)

31 (74 %)
6 (14 %)

Intermetatarsal

radiological and clinical results. Mean follow-up period was
9.1 (range six to 17) months. No patients were lost to follow-up.
Clinical
One patient only completed their preoperative pain score;
thus, postoperative pain score, and not social interaction or
walking scores, was used. There was a statistically significant
(p<.001) improvement in all three domains of the MOXFQ:
Walking score improved from 43.17 to 9.84; Pain score improved from 50.80 to 17.44; Social Interaction score improved
from 47.59 to 13.06. In terms of combined MOXFQ score,
there was an average improvement from 141.56 to 40.34
(p<.001). MT length change did not have a significant effect
on improvement in Walking (p = 0.844), Pain (p = 0.502) or
Social Interaction (p = 0.717) scores. Pearson’s product–moment correlations revealed no significant links between MT
length change and improvement on any of the clinical outcome variables.
Radiological

Fig. 4 Appropriate-length Barouk screw is inserted across the
osteotomy, and the guide-wire is removed

clinical outcomes, one-way repeated-measures analyses of
covariance (ANCOVA) were carried out on pre- and postoperative MOXFQ scores, with the change in pre- and postoperative MT length used as a covariate. Preliminary power
calculations revealed that our study had a moderate to high
power of 0.60 to detect a medium-sized effect (Cohen’s d=
0.5).

Three feet were excluded from radiological analysis due to
incomplete sets of radiographs, leaving 42 feet for review.
Mean HVA decreased from 30.54° to 10.41° (p<0.001) and
mean IMA from 14.55° to 7.11° (p<0.001). Mean MT length
decreased by 5 mm (range −3 to 15 mm; SD 4.4), but mean
overall toe length decreased by only 2 mm (range −11 to
13 mm; SD 6.6) (p .093). The average plantar offset achieved
was 2.67 mm (range 0–4.6 mm). Table 4 shows radiological
comparison of this technique with other published MIS series,
indicating a greater degree of correction compared with other
studies.
Complications

Results
Table 2 shows preoperative radiological severity. The majority
of patients (74 %) was classed as moderate. Table 3 shows

One patient experienced screw back-out, which required removal but with no loss of position on serial radiographs. One
patient complained of prominent metalwork although elected
to leave the screw in situ; one patient complained of increased
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Table 3 Radiological and clinical results following minimally invasive
surgery

Discussion

Variables

Results of this study support the use of this thirdgeneration technique. First-generation minimally invasive
techniques were originally described by Bosch [5]; a
second-generation modification using a screw for fixation
was subsequently described [4]. The original Bosch technique of using an axial wire is a very powerful way of
displacing the MT head and is further enhanced with the
application of a screw and a chevron-shaped bone cut to
improve stability. This technique also addresses other
aspects of the deformity that are difficult to correct and
control with other techniques, such as plantar displacement and lengthening of the distal fragment. This is an
extracapsular procedure and therefore protects the blood
supply to the MT head [5]. Being extra-articular, it is also
protective of postoperative stiffness associated with open
techniques, which are reported as being as high as 38 %
[11]. In addition, because a low-speed, high-torque burr is
used, a smaller incision is possible compared with most
other MIS series [5, 12–16].
One criticism of using a burr is that it can shorten the first
MT, thus causing transfer metatarsalgia [17], although there is
no consensus on the amount of shortening that might lead to
pain. In Turnbull and Grange’s [18] series, they found shortening of up to 8 mm acceptable, and our study found no
correlation between degree of shortening and clinical outcome. Overcorrection into hallux varus has not been reported
with MIS, and this may be due to the absence of medial softtissue tightening. The amount of translation can be as much as
90 %, and this relaxes the adductor hallucis tendon. It remains
to be seen whether or not the lack of soft-tissue repair causes
the deformity to recur, although Giannini et al. [6] did not find
this to be the case in their study, which had a >five year
follow-up; Faour-Martin et al. [19] also found results of their
MIS technique were sustained over a ten year period.
Kadakia et al. [20] reported an unacceptable complication rate associated with MIS bunion surgery, which included osteonecrosis, malunion, nonunion, dorsal

P value

Follow-up duration (Months)
Radiological assessment
IMA (°)
Preoperative
Postoperative
Difference
HVA (°)
Preoperative
Postoperative
Difference
Toe length (mm)
Preoperative
Postoperative
Difference
MT length (mm)
Preoperative
Postoperative
Difference
Plantar offset
Postoperative
Functional assessment scores
Walking
Preoperative
Postoperative
Difference
Pain

Social interaction

Preoperative
Postoperative
Difference
Preoperative
Postoperative
Difference

Mean

SD

9.1

3

14.55
7.11
7.44
30.54
10.41
20.13
116.05
114.52
1.53
60.49
55.5
4.99
2.67

2.5
2.7
<0.001
8
5.04
2.96
11.8
12.6

<0.001

<0.001
4.4
4.98
1.65

43.17
9.84
33.33

20.49
17.29

50.8
17.4
33.4
47.59
13.06
34.53

18.97
23.03

<0.001
N/A

<0.001

<0.001
19.41
21.03
<0.001

IMA intermetatarsal angle, HVA hallux valgus angle , MT metatarsal, SD
standard deviation

foot cramping on swimming and limited walking distance,
although no clinical or radiological reason was discovered.
There was no avascular necrosis (AVN), infection, hallux
varus, nonunion, dorsal malunion of the distal fragment,
metatarsalgia and or incidence of recurrence.

Table 4 Comparison of radiographic correction between studies
Study

Pre-op mean IMA (°) Post-op mean IMA (°) Difference (°) Pre-op mean HVA (°) Post-op mean HVA (°) Difference (°)

Maffuli et al. [16]
Magnan et al. [23]
Bauer et al. [24]
Radwan et al. [13]
Huang et al. [14]
Sun et al. [12]
This study

11.5
12.3
13
12.55
11.9
11.8
14.55

7.5
7.3
10
7.79
7.2
6.8
7.11

4
5
3
4.76
4.7
5
7.44

32
31.5
28
27.59
26.7
33.3
30.54

Pre-op preoperative, Post-op postoperative, IMA intermetatarsal angle, HVA hallus vagus angle

14.1
13.7
14
13.14
15.5
12.3
10.41

17.9
16.8
14
14.45
11.2
21
20.13
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displacement and recurrence. It has been suggested this
may be due to the older age of their patient cohort (mean
52 vs 54 years in our study). Another possible reason for
their poor outcomes could be their early weight-bearing
strategy, whereas we limit weight bearing in a rigid-soled
shoe until four weeks. Theirs is the only study reported
with such a high complication rate and may represent the
steep learning curve associated with MIS.
Peng-Ju et al. [14], using a first-generation technique,
recommended that only mild–moderate hallux valgus should
be treated minimally invasively, and whereas the use of MIS
in severe hallux valgus has been previously reported [21], an
upper limit of IMA of 19° is recommended by the senior
author when using our technique.
The follow-up period is relatively short in our study, and a
longer-term study is required. The lack of a control or comparison group is significant, and this should also be undertaken as
future research. Other studies have looked at sesamoid position,
[13, 12], but our hospital changed its computer-based X-ray
system and we were unable to reaccess images to perform this
analysis. Wilson et al., however, found no significant correlation between sesamoid position and outcome [22]. There is no
doubt that MIS hallux valgus surgery has a steep learning
curve, and our results may therefore be difficult to reproduce.

Conclusion
We conclude that the third-generation MIS technique is a safe
and effective procedure for correcting symptomatic moderate
hallux valgus, but longer-term studies with comparison
groups are important.

Conflict of interest None.
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