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Abstract
Purpose To analyze the outcome of distal chevron metatarsal osteotomy (DCMO) with lateral release for moderate to severe
hallux valgus patients aged 60 years or more.
Methods Consecutive 77 DCMOs in 54 patients were evaluated. Average age at operation was 65.1 ± 4.3 (range 60~79) years;
the mean follow-up period was 20.5 ± 14.2 (range 12~93) months. Hallux valgus angle (HVA), first to second inter-metatarsal
angle (IMA), and lateral sesamoid grades were measured. Considering the weak bone quality of the patients, fixation failures
such as pin migration, callus formation, delayed union, and first metatarsal bone shorteningwere reviewed. Osteoarthritis (OA) of
the first metatarsophalangeal joint (MTPJ), limitation of 1st MTPJ motion (LOM), and transfer metatarsalgia were also reviewed.
Results HVA, IMA, and sesamoid grades were improved at three months and final follow-up. The mean HVAwas 36.9° ± 7.0°
preoperatively and 6.8° ± 7.1° at final follow-up. The mean correction angle of HVAwas 31.3° ± 8.5° at three months and 30.1°
± 8.9° at final follow-up. The mean IMA was 16.3° ± 3.0° pre-operatively and 7.7° ± 2.7° at final follow-up. Hallux varus
deformity was observed in three feet. Instability of osteotomy site was observed in one foot. Mean metatarsal shortening length
was 1.26 ± 2.1 mm at three month follow-up. There were no cases of transfer metatarsalgia after operation. OAwas observed in
four feet post-operatively. LOM was observed in ten feet (13.0%). There were no instances of re-fracture or avascular necrosis
(AVN).
Conclusion Despite concerns about aggravation of OA and fixation failure, distal chevron osteotomywith lateral release was safe
on patients aged 60 years and over.
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Introduction

Previously, distal chevron metatarsal osteotomy (DCMO) was
considered contraindicated for patients aged more than
50 years in hallux valgus correction [1, 2]. In addition, until
1990s, several experts emphasized that DCMO is likely to fail
in elderly patients [3]. However, DCMO became one of the
most popular procedures ever performed even for moderate to
severe deformities when combined with soft tissue procedures
and Akin proximal phalangeal osteotomy [4–6]. Despite prior
concerns about poor outcome of DCMO in elderly,

satisfactory outcomes and infrequent avascular necrosis
(AVN) occurrence were later reported [7, 8].

However, according to our literature review, there was a
lack of technical points on DCMO performed in elderly.
Moreover, no study focused on outcome of DCMO in elderly
has been found. We assume that previous concerns about
performing DCMO in elderly were mechanical failures (e.g.,
fixation failure, instability, non-union, delayed union, re-frac-
ture, recurrence, and hallux varus deformity), presumably due
to local porotic bone quality.

It is now commonly known that stable osteotomy and rapid
bone healing is possible after DCMO, so that full weight-
bearing ambulation immediately after surgery and simultaneous
bilateral procedures are even possible [9, 10].Therefore, for
more than a decade, we have been making efforts to safely
correct elderly bones with DCMO with soft tissue procedures.
In this study, we report outcome of DCMO for moderate to
severe hallux valgus patients aged 60 years and over.
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Patients and methods

We retrospectively reviewed consecutive 77 DCMOs in 54
patients aged 60 years or more performed by a senior foot
surgeon between June 2010 and July 2018. Cases with
short-term follow-up period less than 12 months, mild hallux
valgus deformity with less than 25° of hallux valgus angle
(HVA), rheumatoid foot, previous hallux operation, and con-
comitant operation of the other toe performed were excluded.
Finally, 77 feet of 54 patients (5 men, 49 women) were en-
rolled in the analysis. Average age at the time of surgery was
65.1 ± 4.3 (range 60~79) years. Twenty-three patients of
symptomatic bilateral hallux valgus underwent bilateral si-
multaneous operation (Table 1). The mean follow-up period
was 20.5 ± 14.2 (range 12~93) months. Patients who
underwent concomitant operation of the other ipsilateral toe,
including 2nd toe Weil operation and hammer toe operation,
were excluded to analyze metatarsal shortening lengths, cal-
losities, and 2nd transfer lesions more precisely.

Surgical techniques

Initially, lateral release was performed with lateral incision.
Adductor tenotomy and metatarso-sesamoid capsular release
were performed as lateral soft tissue procedures, followed by
gentle varus brisement. With varus stress test of 1st
metatarsophalangeal joint (MTPJ), we assessed appropriate

lateral release; we generally thought 20 degrees of varus shift
was optimal. DCMO was performed through a medial ap-
proach. A T-shaped incision was then made at the medial
capsule, and 5–8-mm-wide vertical limb of capsule was re-
moved depending on the degree of deformity. Using an oscil-
lating microsaw, a bunionectomy was performed parallel to
the medial aspect of the first metatarsal shaft. Then, 60°-an-
gled chevron osteotomy was performed at the centre of the
first metatarsal head with the apex located at 5–7 mm distance
from the articular surface, which is unconventionally more
distal. A 5–8-mm lateral translation of the metatarsal head
was performed. Distal metatarsal articular angle (DMAA) cor-
rection was simultaneously attempted by rotating the distal
fragment medially for large DMAA cases. Two 1.1-mm
Kirschner wires were inserted to fix the displaced fragment
2 cm proximal to the osteotomy site, and the remaining prom-
inent bone was excised. Autologous bone graft was performed
on 71 feet (92.2%) using bunionectomy bony fragment into
the medullary bone. A capsulorrhaphy was performed while
supinating the pronated toe.

The Akin phalangeal osteotomy was performed 7 mm dis-
tal to the proximal phalangeal base if residual deformity was
present after DCMO and soft tissue procedure. This procedure
was skipped in nine feet (11.7%). If there is no residual hallux
pronation, a 1–3-mm medial closing wedge osteotomy was
performed, with an attempt to greenstick the lateral cortex.
For the residual pronated toe, de-rotation was performed after
complete osteotomy. Fixation was performed using two 1.1-
mm Kirschner wires.

Post-operative rehabilitations

A 1.5-cm gauze spacer was placed in the first web space for
6 weeks. Patients were allowed immediate full weight-bearing
with hard-soled shoes. MTPJ motion exercise was provided at
two weeks post-operatively to achieve full range of motion.
Ordinary shoes were allowed approximately six weeks post-
operatively. The Kirschner wires were removed eight to
ten weeks post-operatively. Active sports activity was allowed
two months post-operatively (Fig. 1).

Radiographic analysis

HVA and first-to-second inter-metatarsal angle (IMA) were
measured pre-operatively, at two weeks, six weeks and
three months post-operatively, and at the final follow-up with
weight-bearing foot posteroanterior (PA) plain radiographs as
described by Shima et al. [11] Subluxation of the lateral ses-
amoid was graded from 0 to 3 [12–14].

We measured the first metatarsal bone shortening (mm) by
comparing length with that of the second metatarsal bone
using Morton’s method [15, 16]. Due to concerns about local
weak bone quality of the elderly, occurrence of imperfections,

Table 1 Demographic data of included patients. Total 77 feet of 54
patients were included

Data category Subgroup Number of
feet (patients)

Age (year)

Average 65.1 ± 4.3 (range 60~79)

Age group (year) 60~65 (31)

66~70 (17)

71~75 (2)

76 or more (4)

Bilateral vs unilateral Bilateral 46 (23)*

Unilateral 31 (31)

Hallux valgus severity

HVA† (°) Mild (< 25°) 0

Moderate (25°~40°) 57

Severe (> 40°) 20

Gender M 7 (5)

F 70 (49)

* 46 feet of 23 patients underwent bilateral DCMO surgery simultaneously
†HVA, hallux valgus angle

Severity of hallux valgus deformity was classified by hallux valgus angle
into 3 groups (mild < 25°, moderate 25°~40°, severe > 40°) [27]
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such as malunion, non-union, delayed union, bony callus for-
mation, significant shortening, hardware failure, and re-
fracture at the osteotomy site, were counted during the entire
post-operative follow-up period, particularly until
three months post-operatively.

Delayed union was defined as “no sufficient evidence of
bone union after three months post-operatively.” Hardware
failure, such as pin migration, pin breakage, cut through, and
subsidence of pins, was defined as “any atraumatic mechani-
cal instability.”

Osteoarthritis of 1st MTPJ and its change were evaluated
throughout the follow-up radiographs as described by
Coughlin et al. [17, 18].

Two orthopaedic surgeons measured all the radiographic
parameters and reviewed radiographs twice at an interval of
two weeks. The average of the four measurements was used
for analysis.

Clinical analysis

We reviewed the range of motion (ROM) of 1st MTPJ includ-
ing dorsiflexion and plantar flexion. We defined limitation of
1st MTPJ motion as “dorsiflexion of 50° or less” according to
the descriptions by Gatt et al. and Laird et al. [19, 20].

Complications, such as AVN of the metatarsal head, recur-
rence of valgus deformity, iatrogenic hallux varus deformity,
deep wound infection, and newly developed post-operative
transfer lesion of the second or third metatarsal head, were
also reviewed.

Statistical analysis

To evaluate whether the improvement of radiographic param-
eters is maintained after sufficient period, we conducted
Wilcoxon signed rank-sum test for comparisons between
pre-operative and each follow-up period. To avoid false pos-
itive results due to inflated type I error multiple testing, we
applied Bonferroni correction, and p value less than 0.0167 (=
0.05/3) was considered statistically significant.

Results

The mean HVA improved significantly from 36.9° ± 7.0°
(range 25~58°) pre-operatively to 3.1° ± 6.0° (range −
8~19°, p < 0.01) at 2 weeks, 4.9° ± 5.8° (range − 7~17°,
p < 0.01) at six weeks, 5.5° ± 5.3° (range − 8~17°, p < 0.01)
at three months post-operatively, and 6.8° ± 7.1° (range −
10~26°, p < 0.01) at final follow-up. Themean IMA improved
as well from 16.3° ± 3.0° (range 8~23°) to 6.7° ± 2.4° (range
2~19°, p < 0.01), 7.7° ± 2.2° (range 3~15°, p < 0.01), 7.6° ±
2.7° (range 1~16°, p < 0.01), and 7.7° ± 2.7° (range 2~18°,
p < 0.01). Sesamoid position also improved significantly
(p < 0.05; Table 2). Mean correction angles of HVA were
31.3° ± 8.5° (range 14~56°) at 3 months and 30.1° ± 8.9°
(range 7~54°) at final follow-up.

Recurrence of hallux valgus deformity defined as “correc-
tion loss more than 10°” was observed in seven feet (9.1%).
Among them, final HVA> 20° was observed only in three feet.
Their pre-operative HVA were 58°, 40°, and 50° each and
improved to 25°, 21°, and 26°, respectively, with bunion pain
remission. Therefore, no revisional operation was required.

Post-operative hallux varus deformity was observed in
three feet of three patients. The final varus angle was 10° or
less (6°, 9°, and 10° each). No corrective operation was re-
quired for hallux varus deformities.

Fig. 1 Case 1, bilateral hallux valgus patient underwent DCMO. (1-a)
Pre-operative posteroanterior (PA) standing radiograph. (1-b) Post-
operative 6 weeks, PA standing radiograph. (1-c) Post-operative 3 years,
final PA standing radiograph
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The mean first metatarsal bone shortening (mm) values
after DCMO measured using Morton’s method were 1.02 ±
2.13 mm at 2 weeks, 1.07 ± 2.29 mm at six weeks, and 1.26 ±
2.05 mm at 3 months. The differences between measurements
at follow-up periods were not statistically significant
(p > 0.05). Final first metatarsal bone shortening > 5 mm
was observed in four feet (5.2%; measurements 8.8 mm
(Fig. 2), 5.9 mm, 5.7 mm, and 5.2 mm). In addition, there

was no newly presented second toe transfer lesion in these
patients, and there was no delayed union or non-union either.
One foot had early post-operative instability in osteotomized
site with significant metatarsal shortening with callus forma-
tion and pin migration (Fig. 2).

Pre-operative callosities under second to fifth metatarsal
head were observed in 35 feet (45.5%), 34 of which resolved
during follow-up, and although one foot had a residual

Fig. 2 Case 2, 64-year-old female hallux valgus patient with left hemi-
paresthesia and unhealed chronic foot ulcer. (2-a) 1 cm × 2 cm sized
superficial chronic ulcer on the plantar aspect of the medial sesamoid
bone of 1st toe unhealed due to ipsilateral hemi-paresthesia consequently
after spinal cord surgery. (2-b (I, II)) (I) Pre-operative standing
posteroanterior (PA) radiograph, (II) immediate post-operative PA radio-
graph. (2-c (I, II)) Post-operative two weeks PA (I) and lateral (II) stand-
ing radiographs. Pin migration, metatarsal shortening, and dorsiflexion of

distal osteotomized fragment were observed.We applied short leg cast for
four weeks without re-fixation. (2-d) Final post-operative 38 months PA
standing radiograph; despite the shortening of 1st metatarsal bone by
approximately 9 mm as measured using Morton’s measurement method,
asymptomatic full ROM of 1st MTPJ was obtained without occurrence of
a second toe transfer lesion or callosity. Patient was very satisfied with
complete ulcer healing

Table 2 Changes in average of
radiological indices on weight-
bearing foot PA radiograph at pre-
operatively, at 2 weeks, 6 weeks,
3 months post-operatively, and at
final follow-up

Pre 2 weeks 6 weeks 3 months Final

HVA (°) 36.9 ± 7.0 3.1 ± 6.0* 4.9 ± 5.8* 5.5 ± 5.3* 6.8 ± 7.1*

Range 25, 58 − 8, 19 − 7, 17 − 8, 17 − 10, 26
IMA (°) 16.3 ± 3.0 6.7 ± 2.4* 7.7 ± 2.2* 7.6 ± 2.7* 7.7 ± 2.7*

Range 8, 23 2, 19 3, 15 1, 16 2, 18

Sesamoid grade (0–3) 2.96 ± 0.26 _ _ 1.74 ± 0.75* 1.82 ± 0.69*

Range 1, 3 1, 3 1, 3

Data are presented as mean ± standard deviation

*Difference of each measures between preoperative and each follow-up period was significant (p < 0.001)
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painless callosity, there was no aggravation or symptom.
There was no new post-operative transfer lesion or symptom-
atic callosity in any enrolled patient.

Significant 1st MTPJ OA, which was graded 1 or more as
described by Coughlin et al. [17, 18], was observed in four
feet of three patients (Table 3). A 67-year-old female patient
who had a pre-operative subluxated 1st MTPJ OA had satis-
factory treatment outcome without transfer metatarsalgia or
hallux pain despite minimal aggravation of OA and some
limitation of 1st MTPJ motion (LOM) (dorsiflexion 50°, plan-
tar flexion 10°) remaining post-operatively until the final
follow-up (Fig. 3). In other patients, aggravation of 1st
MTPJ OA was not significant during the entire follow-up
period. Patient 3 (Table 3) had bilateral hallux valgus defor-
mities with both sided 1stMTPJ OA; clinical and radiographic
outcomes were satisfactory.

Limitation of 1st MTPJ motion was observed in 10 feet
(13.0%). However, degree of LOM was not clinically signif-
icant in all patients. Non-union, delayed union, re-fracture,
AVN, deep wound infection, or any revisional surgery was
absent during the entire follow-up period.

Discussion

We analyzed the results of DCMO in patients (age ≥ 60 years)
requiring hallux valgus correction. Considering that DCMO
was performed on patients over 60 years old, we focused on
issues of weak bone quality, osteoarthritis, and susceptibility
to mechanical failures. Despite prior concerns about mechan-
ical failures in elderly, there was only one representative case
out of the 77 feet that showed instability of osteotomy. The
result may advocate the safety and stability of chevron
osteotomy even for the elderly with weak bones.

Furthermore, with combination of lateral soft tissue re-
leases and Akin osteotomies, DCMO proved its efficacy even
for moderate to severe deformities. In this study, all of the 77
feet had more than 25 of HVA. The biggest correction angle
was 54° (HVA in preoperative 54°, final 0° each). We assume
that lateral soft tissue release contributed to the good correc-
tion power [9, 14]. Deenik et al. reported a recurrence rate of

7% with DCMO, which had comparable result with ours
(9%), even though we enrolled older patient group [21].

We performed lateral metatarso-sesamoidal capsule release
and adductor hallucis tenotomy following gentle varus
brisement until reaching 20° as lateral release procedure while
preserving deep transverse metatarsal ligament and plantar
capsule to minimize occurrence of AVN of the first metatarsal
head and hallux varus deformity [22, 23].

Twenty-three patients underwent bilateral DCMO simulta-
neously. They also maintained acceptable correction during
their follow-up without mechanical failure or the need for
revisional operation, even though we allowed the same early
weight-bearing ambulation protocol. We think this result sup-
ports the inherent stability of DCMO. However, further com-
parative investigations on “both side correction in same time
versus unilateral operation” are necessary. In elderly patients,
early post-operative ambulation may have a marked beneficial
effect on comorbid medical problems. Thus, we allowed im-
mediate full weight-bearing with hard-soled shoes. Despite
allowing early ambulation, we could achieve comparable ra-
diological and clinical outcomes as previous studies [6, 24].

We think the inherent stability of chevron osteotomy has
advantage in the porotic bones, and the osteotomy level has
greater stability on metatarsal head than on metatarsal shaft.
Thus, we located the apex of chevron osteotomy more distally
considering the local porotic bone quality. There was no AVN
of metatarsal head even with distalized chevron apex.
Additional auto-bone packing with resected bone into the med-
ullary space of osteotomy site could support better stability.

Even in weak bone of the elderly, two crossed 1.1-mm
Kirschner wires were successfully used for each fixation of
chevron osteotomy and Akin osteotomy. We think Kirschner
wire osteosynthesis is appropriate for weak bone of the elderly
for several reasons. First, several studies showed biomechan-
ically equivalent or superior fixation results of crossed two
Kirschner wires to those of screws or staples for chevron
osteotomy or Akin osteotomy [25, 26]. Second, pin fixation
is easier than screw fixation of the small bone. Third, during
inter-fragmentary fixation, position of corrected capital frag-
ment can be maintained more precisely with pins than with
screws. Forth, Kirshner wire is inexpensive to use.

Table 3 Clinical profiles of
patients who present osteoarthritis
of 1st MTP joints

Patients with OA ROM (°)* final OA (grade†) Transfer lesions Pre OP plantar callosity

DF PF Pre Post

1 40 40 Mild Mild - 1st MT (Improved)

2 50 10 Mild Moderate - 2nd MT (improved)

3 right 70 20 Mild Mild - 2nd MT (improved)

3 left 80 30 Mild Mild - 2nd MT (improved)

ROM *, degree of 1st metatarsophalangeal motion; DF, dorsiflexion; PF, plantar flexion
†Radiographic grade of 1st MTPJ OA [17, 18]

International Orthopaedics (SICOT) (2020) 44: –1099 1105 1103



In this study, the mean 1st metatarsal bone shortening (mm)
after DCMO measured using Morton’s method were 1.02 ±
2.13 mm, 1.07 ± 2.29 mm, and 1.26 ± 2.05 mm at post-
operative two weeks, six weeks, and three months, respective-
ly. Measurement error could take place due to the crudeness of
digital measurement method in PACS (picture archiving com-
munication system). It is difficult to accurately measure length
less than 1 mm. Thus, although these figures above showed a
seemingly increasing trend, the differences between the
follow-up periods were neither statistically (p > 0.05) nor clin-
ically (< 0.5 mm) significant. Additionally, some extreme out-
liers, such as case 2 (Fig. 2), could exaggerate the mean short-
ening length in subsequent follow-up visits. There were no
post-operative transfer lesions, and there was no notable cor-
relation between first metatarsal bone shortening and transfer
lesion. We believe that transfer metatarsalgia after DCMO
rarely occurs with the correction of a pronated first toe and
functional restoration of the hallux.

In the elderly, pre-operative OA of 1st MTPJ is not rela-
tively rare. Despite the concerns about aggravation of pre-
existing OA, 73 feet out of 77 feet had no occurrence of OA
until final follow-up. We think DCMO can be indicated for
patients with OA of 1st MTPJ in the stage of mild radiograph-
ic change with insignificant LOM. OA of 1st MTPJ was ra-
diographically observed in four feet (5.2%) pre-operatively,
but all of them were grade 1 pre-operatively according to the
grading described by Coughlin et al. In addition, although
there was a patient in whom OA of one foot aggravated to
radiographically confirmed grade 2, she was still satisfied with
the acceptable ROM without pain (Fig. 3). We could not find
any radiographic or clinical inferiority in OA patients.

Limitation of 1st MTPJ motion was observed in seven
patients (9.1%) at the final follow-up despite our 1st MTPJ

ROM exercise education. However, all these cases were of
painless stiffness which has more than 30° of dorsiflexion.

In conclusion, despite previous concerns about weak bone
and osteoarthritis, distal chevron osteotomy with appropriate
lateral soft tissue release could achieve successful correction
of moderate to severe hallux valgus in patients aged 60 or
more.
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