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Abstract
Introduction: Hallux valgus is a common disorder of the foot. The chevron osteotomy is among the most
common methods of surgically correcting mild to moderate hallux valgus, though it has been associated
with inadequate distal metatarsal articular angle (DMAA) correction and risk of hallux valgus recurrence.
This study aimed to compare the effectiveness of the triplanar and biplanar chevron osteotomies in
correcting mild to moderate hallux valgus. Speci�cally, we aimed to determine if the triplanar chevron
osteotomy results in superior correction of the DMAA compared to the biplanar chevron osteotomy.

Methods: A retrospective review of patient medical charts and preoperative and postoperative
radiographs was performed. A total of 55 patients were included, with 28 patients in the biplanar chevron
group and 27 patients in the triplanar chevron group. The DMAA and intermetatarsal (IM) angles were
measured on preoperative and postoperative radiographs. Statistical analysis was carried out on SPSS.

Results: The DMAA and IM angles improved signi�cantly in both groups (p = <0.001). There was no
signi�cant difference in the mean postoperative IM angle in the biplanar versus triplanar groups (9.58
degrees versus 9.19 degrees, respectively, p = 0.279). There was a signi�cant difference in the mean
postoperative DMMA in the triplanar versus biplanar groups (7.88 degrees versus 8.79 degrees,
respectively, p = 0.026).

Conclusions: The biplanar and triplanar chevron osteotomies are equally effective in reducing IM angle in
mild to moderate hallux valgus. The triplanar chevron osteotomy signi�cantly increases DMAA correction
when compared to the biplanar chevron osteotomy and may therefore reduce hallux valgus recurrence.

Introduction
Hallux valgus is a common disorder of the foot, affecting approximately 35% of those over the age of 65
(1, 2). While conservative treatment may at least temporarily relieve pain or discomfort related to hallux
valgus, de�nitive treatment is largely surgical. Among the 100 surgical procedures described for the
surgical correction of hallux valgus, the chevron osteotomy is among the most common procedures
utilised by foot and ankle surgeons worldwide, particularly for mild to moderate hallux valgus (3). The
chevron osteotomy, �rst described in 1981 by Austin and Leventin, has long been used in the
management of mild to moderate hallux valgus (4). The traditional chevron was composed of a simple
‘V’ horizontal osteotomy, and resulted in satisfactory clinical and radiological results (5). However, some
of the problems with the traditional chevron osteotomy included malunion, 1st ray shortening and
inadequate correction of the distal metatarsal articular angle (DMAA) (3, 5). In order to overcome these
issues, the traditional chevron osteotomy was modi�ed to the biplanar chevron osteotomy (6). The
biplanar chevron is a modi�cation of the traditional chevron, with the addition of changing the angle of
the saw when carrying out the cut of the plantar limb during the traditional chevron. In the biplanar
chevron osteotomy, the plantar limb is cut at 90 degrees to the vertical cut with the saw held at an angle,
in a dorso-medial to plantar-lateral direction, similar to when performing a scarf osteotomy (8). The aim
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of this modi�cation was to account for the inherent 1mm shortening of the �rst metatarsal during the
chevron osteotomy, to restore the full weightbearing function of the 1st metatarsal head and therefore
prevent transfer metatarsalgia (7).

In follow-up studies, the biplanar chevron proved to be at least as effective in terms of clinical outcomes
and its ability to radiologically correct hallux valgus deformity (6). In addition, the biplanar chevron had
the additional bene�t of accounting for 1st ray shortening and subsequently reducing the risk of transfer
metatarsalgia compared to the traditional chevron osteotomy (6). However, much like the traditional
chevron, the biplanar chevron was still associated with clinical problems postoperatively including
inadequate correction of the DMAA and subsequent recurrence of hallux valgus deformity.

The estimated recurrence rate of hallux valgus following surgery is 24.86%, with an inadequate correction
of the DMAA suggested as a potential risk factor for hallux valgus recurrence postoperatively (22–26).

The triplanar chevron osteotomy was described in 2007 (8). The triplanar chevron is a modi�cation of the
biplanar chevron. This modi�cation of the chevron osteotomy introduced a medial closing wedge in
addition to the ‘V’ osteotomy and lateral and plantar translation of the fragments. The proposed bene�t
of the triplanar chevron osteotomy over the biplanar chevron osteotomy was that the addition of a medial
closing wedge osteotomy would result in superior correction of the DMAA and therefore reduce the risk of
hallux valgus recurrence.

While this has been hypothesised, no study to date has compared the effectiveness of the biplanar versus
triplanar chevron in reducing the DMAA. Therefore, the aim of this retrospective comparative study was to
compare the radiological outcomes of a biplanar versus triplanar chevron osteotomy in the management
of mild to moderate hallux valgus. Speci�cally, the aim of this study was to review and compare the
radiological outcomes of DMAA and IM angle postoperatively between patients undergoing biplanar and
triplanar chevron osteotomies for hallux valgus correction. We hypothesised that the addition of a medial
wedge closing osteotomy in the triplanar chevron osteotomy results in a superior correction of the DMAA
when compared with a biplanar chevron osteotomy.

Methods
This study was a retrospective analysis of medical charts and radiographs of patients who have had
either a biplanar (group 1) or a triplanar (group 2) chevron osteotomy for the correction of hallux valgus.
Institutional review board approval was obtained (registration number 100/2022) prior to the initiation of
this study.

Patient Selection
All patients over the age of 18 who have had either a biplanar or triplanar chevron osteotomy for hallux
valgus correction under the care of the senior author were eligible for inclusion. Exclusion criteria were
patients who had failed previous surgery for hallux valgus of the same foot and patients with
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in�ammatory arthritis. Patients were identi�ed by reviewing the theatre lists of the senior author between
2017 and 2018. Radiographs and medical charts of patients who have had either a biplanar or triplanar
chevron osteotomy for hallux valgus correction were retrieved and reviewed by the �rst author. All
procedures were performed as described above by the senior author of this study. As the DMAA is
considered to be non-pathological up to 10 degrees, those with a smaller DMAA underwent biplanar
chevron osteotomy, while those with a large DMAA underwent triplanar chevron osteotomy (2, 9, 10).

Data Collection

Demographics
Demographic data including gender, age and foot operated on were gathered from each patient’s medical
charts.

Radiologic Measurements
Preoperative and postoperative DMAA and IM angles were calculated on both preoperative and
postoperative radiographs by the �rst author. Measurements were repeated on two separate occasions
and con�rmed by the senior author to improve accuracy.

The DMAA is de�ned as the angle formed by a line perpendicular to the long axis of the �rst metatarsal,
and a line drawn parallel to the distal articular surface of the 1st metatarsal (2, 9, 10). The DMAA is
considered non-pathological if it is less than 10 degrees (2). The IM angle was measured as the angle
formed by the bisection of the �rst metatarsal and the diaphyseal portions of the second metatarsal (2,
11). A normal IM angle is 9 degrees or less (2, 11, 12). An example of radiological measurements
showing the DMAA and IM angles from preoperatively to postoperatively can be seen in Figs. 1 and 2.

Statistical Analysis
Sample size calculation was performed with the G power software. A two tailed independent samples t
test a priori power analysis was performed with the alpha set at 0.05 and the power set at 0.8. With an
effect size of 0.8, the required sample size was calculated to be 52 participants (26 in each group).
Statistical analysis was conducted using SPSS Version 26. Descriptive statistics were carried out to
describe demographic details. The paired t test was carried out to compare mean difference in angles
within each group pre and postoperatively. The independent samples t test was used to compare the
mean difference in demographic data and measured angles between the two groups pre and
postoperatively. The statistical signi�cance level was set to a p value of < 0.05 with a 95% con�dence
interval (CI).

Results
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A total of 55 feet in 55 patients met criteria for inclusion. As can be seen in Table 1, 27 (96.4%) of
patients in the biplanar group were female, while 1 (3.6%) was male. In the triplanar group, 25 (92.6%)
were female, while 2 (7.4%) were male. There was no signi�cant difference in the mean age of
participants in the biplanar chevron group compared to the triplanar group (56.9 versus 60.9 years,
respectively, p = 0.356). In the biplanar group, surgery was performed on the left foot in 12 (42.9%) cases,
while surgery was performed on the right foot in 16 (57.1%) cases. In the triplanar group, surgery was
performed on the right foot in 12 (44.4%) cases, while surgery was performed on the left foot in 15
(55.6%) cases. No signi�cant difference were observed between groups for any demographic details. Full
demographic details, broken down by group, are displayed in Table 1.

Pre and postoperative radiological outcomes are presented in Tables 2 and 3. There was no signi�cant
difference in the mean preoperative IMA in the biplanar versus triplanar groups (14.04 degrees versus
14.19 degrees, respectively, p = 0.521). There was a signi�cant difference in preoperative DMAA in the
triplanar chevron versus the biplanar chevron groups (16.37 degrees versus 11.04 degrees, respectively, p 
= < 0.001).

There was no signi�cant difference in the mean postoperative IMA in the biplanar versus triplanar groups
(9.58 degrees versus 9.19 degrees, respectively, p = 0.279). There was a signi�cant difference in the mean
postoperative DMMA in the triplanar versus biplanar groups (7.88 degrees versus 8.79 degrees,
respectively, p = 0.026) (Table 2).

There was a signi�cant improvement in IM angle from preoperatively to postoperatively in both the
biplanar (14.04 to 9.58 degrees; mean difference 4.46 ± 1.35 degrees; 95% CI 3.94–4.99; p = < 0.001) and
triplanar (14.19 to 9.19 degrees; mean difference 5.0 ± 1.59 degrees; 95% CI 4.37–5.63; p = < 0.001)
chevron groups. In addition, there was a signi�cant improvement in DMMA from preoperatively to
postoperatively in both the biplanar (11.04 to 8.79 degrees; mean difference 2.25 ± 1.08 degrees; 95% CI
1.83–2.67; p = < 0.001) and triplanar (16.37 to 7.88 degrees, mean difference 8.49 ± 2.24 degrees, p = < 
0.001) chevron groups (Table 3).
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Table 1
– Demographic Data of Participants

  Biplanar Chevron

(n = 28)

Triplanar Chevron (n = 27) p for overall difference*

Gender, n (%)

Male

Female

1 (3.6)

27 (96.4)

2 (7.4)

25 (92.6)

n.s.

Age, mean ± SD 56.9 ± 16.6 60.9 ± 15.1 n.s.

Foot, n (%)

Left

Right

12 (42.9)

16 (57.1)

12 (44.4)

15 (55.6)

n.s.

*Signi�cance level was set to a p value of 0.05.

Table 2
– Between Group Analysis of Pre and Postoperative Radiological Data

  Biplanar Chevron Triplanar Chevron p for overall difference*

Preoperative

IMA, mean ± SD 14.04 ± 0.84 14.19 ± 0.87 0.521

DMAA, mean ± SD 11.04 + 1.26 16.37 ± 1.97 < 0.001**

Postoperative

IMA, mean ± SD 9.58 ± 1.2 9.19 ± 1.42 0.279

DMAA, mean ± SD 8.79 ± 1.17 7.88 ± 1.69 0.026**

p value is reported from independent samples t test.

*Signi�cance level was set to a p value of 0.05.

**Statistically signi�cant
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Table 3
– Within Group Analysis of Pre and Postoperative Radiological Data

  Preoperative Postoperative Mean
Difference

SD CI p for overall
difference*

Biplanar Chevron

IMA, mean ± 
SD

14.04 ± 0.84 9.58 ± 1.2 4.46 1.35 3.94–
4.99

< 0.001**

DMAA, mean 
± SD

11.04 ± 1.26 8.79 ± 1.17 2.25 1.08 1.83–
2.67

< 0.001**

Triplanar Chevron

IMA, mean ± 
SD

14.19 ± 0.87 9.19 ± 1.42 5.0 1.59 4.37–
5.63

< 0.001**

DMAA, mean 
± SD

16.37 ± 1.97 7.88 ± 1.69 8.49 2.24 7.59–
9.37

< 0.001**

95% Con�dence Interval (CI) and p value are reported from paired samples t test.

All angles are listed in degrees.

*Signi�cance level was set to a p value of 0.05.

**Statistically signi�cant

Discussion
This study was a retrospective comparative study of the effectiveness off the biplanar versus triplanar
chevron osteotomy in the management of mild to moderate hallux valgus. Speci�cally, we aimed to
determine if the triplanar chevron osteotomy resulted in superior correction of the DMAA when compared
to the biplanar chevron osteotomy.

Since the chevron osteotomy was �rst described in 1981, many studies have evaluated its effectiveness
in the management of hallux valgus (4, 13, 14). It has typically been used for the management of mild to
moderate hallux valgus, in patients with an IM angle of 15 degrees or less, without osteoarthritis of the
1st metatarsophalangeal (MTP) joint. For patients with a larger IM angle of greater than 15 degrees, a
more proximal osteotomy such as the scarf osteotomy is more commonly performed (2). In high quality
studies including randomised controlled trials and systematic reviews, the chevron osteotomy has proven
to be a safe and effective procedure for managing mild to moderate hallux valgus (13). Studies have
demonstrated that the chevron osteotomy successfully and predictably reduces the IM and hallux valgus
(HV) angles in mild to moderate hallux valgus (13–17). In addition, the chevron osteotomy results in a
signi�cant improvement in patient reported outcome measures such as the VAS and AOFAS scores at
both short and long term follow up (13–17).
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Our study has demonstrated that a biplanar chevron osteotomy was associated with a mean reduction in
IM angle of 4.46 degrees (95% CI 3.94 to 4.99, p = < 0.001), which was statistically signi�cant. Similarly, a
triplanar chevron osteotomy was associated with a mean reduction in IM angle of 5 degrees (95% CI 4.37
to 5.63, p = < 0.001), which was statistically signi�cant. There was no signi�cant difference in
postoperative IM angle between each group postoperatively (p = 0.279). These results are consistent with
the �ndings in the current literature. A systematic review of 25 studies including a total of 1029 patients
published in 2012 showed that the chevron osteotomy signi�cantly reduces the IM angle by a mean of
5.33 degrees (95% CI, 5.12 to 5.54, p < .001) (15). A more recent large cohort study by van Groningen et al
demonstrated a signi�cant mean reduction in IM angle of 6.1 degrees (95% CI 5.9 to 6.4, p = < 0.001)
following chevron osteotomy for hallux valgus correction (18). Our �ndings are therefore consistent with
the current literature and suggest that both a biplanar and triplanar modi�cation of the chevron
osteotomy are equally effective in reducing IM angle toward normal in mild to moderate hallux valgus
deformity.

As demonstrated in Figs. 1 and 2, the DMAA is the angle formed by a drawing a perpendicular line to the
long axis of the �rst metatarsal and the distal articular surface of the �rst metatarsal (2, 9, 10). In hallux
valgus, the DMAA describes the valgus angulation of the distal articular surface of the 1st metatarsal
head. The reason that the DMAA is important in assessing hallux valgus deformity, is because valgus
angulation of the distal articular surface of the 1st metatarsal head is one of the most frequently cited
bone deformities in hallux valgus (19–20). While the existence of the DMAA and role of the DMAA in
hallux valgus development and progression has been questioned by some authors in recent years, a
recent high quality comparative study using 3D weightbearing CT has con�rmed that valgus deformity of
the articular surface of the 1st metatarsal head is present in those with hallux valgus when compared to
control subjects (20).

In a recent systematic review, the prevalence of hallux valgus recurrence following surgery ranged from
9–73% across 23 studies based on 2914 individuals, with a pooled prevalence of hallux valgus
recurrence of 24.86% following surgery. The variation in reported recurrence rates most likely represents
the substantial variation in duration of follow up, de�nition of what constitutes hallux valgus recurrence,
incomplete reporting, surgical technique, and preoperative deformity across studies (21).

Several studies have demonstrated that an increased preoperative DMAA and an inadequately addressed
postoperative DMAA, which may occur following inadequate correction of the DMAA during surgery, is
associated with a more severe progression of hallux valgus preoperatively, and an increased risk of hallux
valgus recurrence postoperatively (22–25). Park and Lee, in a study investigating hallux valgus
recurrence in patients who had a chevron osteotomy for hallux valgus correction, noted that at a mean
follow up of 27.5 months, the immediate postoperative DMAA was much larger in those who had hallux
valgus recurrence compared to those who did not have hallux valgus recurrence (25), suggesting that a
larger postoperative DMAA may be associated with a greater risk of hallux valgus recurrence.
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Our study has demonstrated that the use of a triplanar chevron osteotomy can signi�cantly reduce the
postoperative DMAA in mild to moderate hallux valgus. While this study also suggested that the biplanar
chevron osteotomy signi�cantly reduces the DMAA in mild to moderate hallux valgus, the mean change
was signi�cantly higher in the triplanar group when compared with the biplanar group (Tables 2 and 3).

Table 2 also demonstrates that there was a signi�cant difference in the preoperative DMAA between the
biplanar and triplanar groups, with the DMAA of the triplanar group signi�cantly higher than the biplanar
group. This is because the biplanar chevron osteotomy was used for the correction of hallux valgus in
patients with a smaller DMAA, with the triplanar chevron osteotomy reserved for cases with a more
signi�cant preoperative DMAA abnormality. The fact that the preoperative DMAA was signi�cantly higher
in the triplanar chevron group compared to the biplanar chevron group, and the postoperative DMAA was
signi�cantly lower in the triplanar chevron group compared to the biplanar chevron group, demonstrates
the ability of the triplanar chevron osteotomy to powerfully correct the DMAA toward normal. Given that
inadequate correction of the DMAA has been associated with hallux valgus recurrence, the authors
suggest that the triplanar chevron osteotomy may be more effective than the biplanar chevron osteotomy
in reducing the risk of recurrence of hallux valgus in those with a larger DMAA abnormality. However, long
term radiographic follow up data is required to con�rm whether or not achieving adequate DMAA
deformity correction truly reduces hallux valgus recurrence in the postoperative period.

The authors suggest that the addition of a medial closing wedge osteotomy results in superior correction
of large DMAA in mild to moderate hallux and therefore should be considered in the management of
hallux valgus with a large DMAA.

Limitations
A major limitation of this research study was the lack of long term radiographic follow up. This limitation
means that while superior correction of the DMAA can be achieved with a triplanar chevron osteotomy
compared to a biplanar chevron osteotomy, it is not possible to con�rm whether or not this has reduced
recurrence in this cohort. Nevertheless, this study is the �rst study to demonstrate a signi�cant
improvement in DMAA reduction with the addition of a medial wedge closing osteotomy in a triplanar
chevron osteotomy when compared with a biplanar chevron osteotomy in the correction of mild to
moderate hallux valgus.

Conclusion
This study analysed the radiological outcomes following the correction of hallux valgus with either a
biplanar or triplanar chevron osteotomy. The results from this study suggest that both the biplanar and
triplanar chevron osteotomies are equally effective in reducing the IMA in mild to moderate hallux valgus.
In addition, both biplanar and triplanar chevron osteotomies result in a signi�cant reduction in DMAA.
However, our study suggests that the addition of a medial closing wedge osteotomy in the triplanar
chevron osteotomy has the potential to increase the correction of the DMAA, particularly in the case of a
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larger DMAA deformity preoperatively, when compared with the biplanar chevron osteotomy. The authors
recommend the addition of a medial closing wedge osteotomy to the standard chevron osteotomy in the
case of a large DMAA. It is possible that this may reduce the risk of hallux valgus recurrence in the follow-
up period. However, further studies with long term radiographic follow up are required to determine if
superior DMAA correction decreases the likelihood of hallux valgus recurrence.
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Figure 1

Demonstrates a preoperative IM angle (a) of 14 degrees and DMAA (b) of 14 degrees.
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Figure 2

Demonstrates the reduced IM angle (a) of 10 degrees and DMAA (b) of 6 degrees in this patient following
triplanar chevron osteotomy.


