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Abstract

Background: The great toe is affected by many congenital and acquired conditions including hallux
valgus. Hallux valgus was first reported in 1856. Most patients with hallux valgus are young females.
High heel shoes are extrinsic factors which are important in the development of hallux valgus. More than
130 procedures have been described in the treatment of hallux valgus. The chevron osteotomy is one of
the most widely used distal metatarsal osteotomies for the treatment of this deformity in adults. The idea
of the Chevron osteotomy is that, it is a V' shaped horizontally oriented with lateral displacement of the
head of the first metatarsal accompanied with release and balancing of the soft tissue structure on both
sides of the joint.

Patients and Methods: Study include 36 patients, all were females. The mean age was 35 years. All
patients have symptomatic bilateral hallux valgus deformity. Pain was the primary reason for surgery.
Study designed for comparison of results of Chevron’s osteotomy with fixation by 2 k-wires versus no
fixation. Fifty percent of cases subjected for fixation and 50 percent with no fixation. No specific
selection was performed.

Results: Evaluation of the results includes radiological and clinical observations. Assessment using the
American Orthopaedic Foot and Ankle Society's hallux-metatarsophalangeal-interphalangeal scale was
also done. Inter-metatarsal angle averaged 18° pre-operatively and 10° post-operatively, the
corresponding values for hallux angle was 25° and 16° respectively. No complications of
thrombophlebitis, non-union or avascular necrosis were recorded. Overall results show 94% as excellent
or good results.

Conclusion: The Chevron osteotomy disclosed excellent relief of pain, good cosmetic correction and
overall patient satisfaction. Stability and the technical ease make this procedure preferable for correction
of moderate hallux valgus deformity.

Keywords: Surgical treatment, hallux valgus, chevron technique

Introduction

The treatment of hallux valgus deformity requires special consideration to obtain successful
outcome. The distal metatarsal articular angle is of critical importance in this deformity. The
goal of correction is to achieve a realigned first ray and preserve the congruent first
metatarsophalangeal articulation. In patients with an increased distal metatarsal articular angle
and congruent joint, the use of double and triple first ray osteotomies must be used to achieve
satisfactory correction.

The great toe is affected by many congenital and acquired conditions including hallux valgus
451, According to Mann and Coughlin [34] hallyx valgus was first reported in 1856, giving more
emphasis to medial exostosis genesis than to the complex deformity itself. Most patients with
hallux valgus are young females who abhor an inelegant shoe 3. Young patients with hallux
valgus require pain relief and surgical methods that are capable of obtaining satisfying
functional and cosmetic long-term results (561,

The wearing of constricting and high heel shoes are extrinsic factors which are important in
the development of hallux valgus 2% 2°1, Changing social footwear habits requires an awareness
of the dangers of and damage done by ill fitting, tight shoes and that proper shoe fit is critical
for good foot health 01, Heredity is likely to be a major predisposing factor in some patients,
with up to 68% of patients showing a familial tendency 1.

More than 130 procedures have been described in the treatment of hallux valgus 4.
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These procedures ranging from resection arthroplasty 23 to
distal first metatarsal 4 or basal first metatarsal osteotomy
[39, There is no agreement about the best surgical technique to
use to correct hallux valgus deformity 4. Ideally, the most
useful osteotomies correct the inter-metatarsal angle with
minimal shortening and provide adequate stability of the
osteotomy site [,

Most metatarsal osteotomies are carried out either distally or
proximally, although the degree of correction that can be
obtained with a distal osteotomy is not as great as with a
proximal osteotomy. As a rule, the distal osteotomy is used
for the mild to moderate deformity, and the proximal
osteotomy is used for the more severe deformity 33, Recently
it is reported that Chevron osteotomy is indicated for the
treatment of moderate to severe hallux valgus deformities 161,
The preservation of dorsi-flexion in the first metatarso-
phalangeal joint is important in women, as any reduction will
affect their ability to wear high-heeled shoes 151,

Distal Chevron osteotomy was first performed by Austin in
1962, and first reported by Austin and Leventen in 1981 2,
Their aim was to redirect the first metatarsal head to create a
uniform contact at the first metatarso-phalangeal joint. The
chevron osteotomy is one of the most widely used distal
metatarsal osteotomies for the treatment of hallux valgus in
adults (29,

The idea of the Chevron osteotomy is that, it is a V shaped
horizontally oriented with lateral displacement of the head of
the first metatarsal accompanied with release and balancing of
the soft tissue structure on both sides of the joint.

Patients and Methods

Study include 36 patients, 72 feet, all patients were females.
The mean age was 35 years (range 18-54 years). All patients
have mild to moderate symptomatic bilateral hallux valgus
deformity. No other forefoot procedures were performed
earlier. The hallux valgus angle was at least 25°, and that of
the inter-metatarsal was at least 12°. All patients had painful
hallux valgus that did not respond to conservative treatment
within a minimum of 6 months. Non-operative management,
including modification of shoe wear, non-steroidal anti-
inflammatory medications, orthotic devices, or a combination
of these methods, had failed in all patients. All patients had
pain (ranging from moderate to severe) related to the hallux
valgus deformity.

Any patient shows degenerative arthritis of the first
metatarso-phalangeal joint, prior involvement of the hallux by
surgery, rheumatoid arthritis, trauma, neurologic diseases
affecting the lower extremities and additional simultaneous
surgery were excluded. All patients were active in their jobs
or managing their household’s activities. No patient had
disease causing immobility or functional impairment or
disabilities.

Under general anesthesia, all patients underwent for
Chevron’s osteotomy and chelectomy were done for both
sides in same sitting. Release for the conjoined tendons
inserted onto the base of the lateral aspect of the proximal
phalanx of the great toe were also done for all patient to gain
re-alignment of the metatarso-phalangeal joint. Pain was the
primary reason for surgery, although shoe fit and cosmetic
were also considered. Contraindication for the procedure was
arthritis, luxation or incongruent metatarso-phalangeal joint
and poor mobility of the metatarso-phalangeal joint.

Study designed for comparison of results of Chevron’s
osteotomy with fixation by 2 k-wires versus no fixation. Fifty

percent of cases subjected for fixation and 50 percent with no
fixation. No specific selection was performed rather than
patients were arranged consecutively and to be one case from
each group sequentially.

Surgical Procedure

Slightly curved longitudinal skin incision between the medial
exostosis and the extensor hallucis longus tendon. Care is
taken to protect the sensory branch of the superficial peroneal
nerve in this area. The nerve with its vascular bundle and
extensor hallucis longus tendon is retracted. The capsule is
exposed and a U shaped flap is created with its base attached
to the proximal phalanx. The head of the first metatarsal is
further exposed and the salcus on the articular surface is
identified. An osteotomy is done starting from the salcus
using an oscillating power saw with 5 mm wide blade, and
excising the medial prominence and overgrowth is removed
flush to the shaft of the first metatarsal bone in a vertical
orientation.

Tenotomy of the conjoint tendon on the medial aspect of the
metatarsal head is performed through the same incision. The
apex of the V shaped osteotomy in marked in the head in a
mid point that is not much near to the articular surface. The
two arm of the V shaped osteotomy is done in a horizontal
orientation using an oscillation power saw starting from the
decided starting point and at angle of 60°. Horizontal
direction allows stability of the osteotomy and also that broad
cancellous contact surface allows fast healing. The osteotomy
cut must be through both cortices, so that allows for lateral
displacement of the metatarsal head. Translation of the
metatarsal head laterally is done using thumb pressure. About
one fourth of the width of the metatarsal is used as
displacement of the metatarsal head to lateral direction to
alignment of the big toe. Impaction on the osteotomy is
performed manually and the protruding part of the proximal
metatarsal shaft is sawed off with the oscillating power saw.
The U shaped capsular flap brought back to its bed and
sutured back to bone under sufficient tension to overcorrect
the valgus deformity slightly. The correction is maintained
over the big toe until capsule is sutured back and closure for
the subcutaneous tissue and skin is closed with a subcuticular
absorbable suture. In the group where k-wires were used to
fix the osteotomy, the k-wires 1.6 mm were used to fix the
osteotomy before capsule closure. A non-adherent sterile
dressing is placed. Dressing applied between the first and the
second toe allowing a degree of over correction. Moreover,
dressing applied between the lesser toes too. No cast is
applied.

Post-operative care was performed same for all patients.
Ambulation is started on second post-operative day with help
of cane, bearing weight on the heel and lateral side of the foot.
Most patients walk comfortably by the fifth post-operative
day, and mobilization of the metatarso-phalangeal joint is
begun. Dressing is done for the surgical wound after one
week and re-done on the same fashion as post-operative way.
All dressing was removed by the third week. Heel walking
was allowed for the first 3 weeks in cast shoe for both feet,
followed by full weight bearing in cast shoe for both feet for
the next 3 weeks. Regarding the group who had fixed with k-
wires, wires were removed at 3 weeks interval post-
operatively at out-patient clinic.

Radiological examination was done routinely for all patients
as pre-operative evaluation on standing position. Antero-
posterior and lateral weight-bearing radiographs were made
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preoperatively. The hallux valgus angle and the first
intermetatarsal angle were measured. Measurement for the
hallux valgus angle and the inter-metatarsal angle were
carried out. Decision was taken to operate upon when the
hallux valgus angle equal to 25° or more. Post-operative
radiological follow up was done for all patients on second
post-operative day, on 6 and 12 weeks. Moreover, final
radiological examination was performed at one and two year
post operative period.

The criteria for evaluation of the results include radiological

and clinical observations. All patients were asked for pain,
cosmetic satisfaction, and shoe wear difficulties and recorded.
Assessment using the American Orthopaedic Foot and Ankle
Society's hallux-metatarsophalangeal-interphalangeal scale 2
was also done. This 100-point scale is based on a
questionnaire combining subjective and objective data,
including the clinical parameters of pain (40 points); function
(45 points); and alignment (15 points). Table ™M shows this
score system in details.

Table 1: The American Orthopedic Foot and Ankle Society Hallux Metatarsophalangeal-Interphalangeal Scale (Kitaoka et al. [2%),

Points
None 40
Mild, occasional 30
Moderate, daily 20
Sever, almost always present 0
Function:

Activity limitations:

No limitations 10

No limitations on daily activities such as employment responsibilities but
with limitation of recreational activities such as sports

7
Limited daily and recreational activities 4
Sever limitation of daily and recreational activities 0

Footwear limitations:

Able to wear fashionable shoes, no insert required 10
Must wear comfortable shoes only, with or without insert 5
Must wear modified shoe and or brace 0
MTP joint motion:
Normal or mild restriction (75° arc of motion) 10
Moderate restriction (30°-74° arc of motion) 5
Sever restriction (<30° arc of motion) 0
IP joint planter flexion:
No restriction 10
Sever restriction, less than 10° planter flexion 0
MTP-IP stability:
Stable in all directions 5
Unstable 0
Callus related to MTP-IP:
No callus or asymptomatic callus 5
Symptomatic callus 0
Alignment:
Good, hallux well aligned 15
Fair, some hallux malalignment, asymptomatic 8
Poor, obvious symptomatic malalignment 0
Total 100

Rating: excellent 100-90 points, good 89-80 points, fair 79-70 points, and poor <70 points

Results

The angle between first and second metatarsals, inter-
metatarsal angle, averaged 18° (range 14°-28°) pre-
operatively and 10° (range 7°-18°) post-operatively, the
corresponding values for hallux angle 25° (range 23°-32°) and
16° (range 12°-28°) respectively. In all patients the post-
operative measured angled is decreased for both the inter-
metatarsal and hallux angles. Figures 1-4 shows radiological
results for 4 cases, 2 cases from each group.

No complications of thrombophlebitis, non-union of the
osteotomy or avascular necrosis of the metatarsal head were
recorded. Superficial and transient infection recorded in 3 feet
in the group fixed with k-wires, which resolved after k-wire
removal.

At 6 weeks post-operatively, all patients showed clinical and
radiological union at osteotomy site. No significant shortening
was recorded.

Ninety five percent of patients return to full activity in six to
eight weeks. Patients had no restriction of footwear and were
able to wear any kind of shoes at 12 weeks follow up. No
patient needed custom-made shoes. The range of flexion-
extension at the metatarso-phalangeal joint averaged 75°.
Subjective patient’s evaluation was done and in generally
overall result was great satisfaction by most of the patients.
Subjectively, the satisfaction rate in terms of symptom
improvement, cosmetic appearance and function was over
90%. Table [ shows the results of subjective evaluation for
pain, cosmetic satisfaction and shoe wear difficulties.
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Table 2: shows the subjective patient’s (Nr. 36) evaluation for post-operative at 1 year period

Pain Cosmetic satisfaction | Shoe wear difficulties
Pre-op | Post-op | Pre-op Post-op Pre-op Post-op
None 0 32 0 30 0 28
Mild 10 4 3 6 7 6
Moderate 23 0 25 0 23 2
Sever 3 0 8 0 6 0
Assessment by the American Orthopaedic Foot and Ankle

excellent rating, 10 patients (27.5%) points between 80-89 i.e.
Society's hallux-metatarsophalangeal-interphalangeal scale good rating, and 2 patients (6%) points between 70-79 i.e. fair
shows that 24 patients (66.5%) points between 90-100 i.e. rating. Overall results show 94% as excellent or good rating.

A B

Fig 1: Shows 39 years old female patient, no k-wires fixation used, [A] per-operative AP view shows hallux angle of 27° and inter-metatarsal
angle of 13° [B] post-operative measures as 12° and 10° respectively

[A] [B]
Fig 2: Shows 33 years old female patient, no k-wires fixation used, [A] per-operative AP view shows hallux angle of 29° and inter-metatarsal
angle of 14° [B] post-operative measures as 14° and 11° respectively

(Al

[B] [C]

Fig 3: Shows 20 years old female patient, with k-wires fixation, [A] per-operative AP view shows hallux angle of 35° and inter-metatarsal angle
of 18° [B] post-operative measures as 14° and 12° respectively, and [C] one year follow up measures 18° and 11° respectively
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(B] [C]

Fig 4: Shows 48 years old female patient, with k-wires fixation, [A] per-operative AP view shows hallux angle of 25° and inter-metatarsal angle
of 13° [B] post-operative measures as 18° and 9° respectively, and [C] one year follow up measures 16° and 8° respectively.

Discussion

Idea of Chevron osteotomy is to have adequate stability to
allow for early ambulation without cast . This was in mind
as a target throughout this study. McBride 7 was first to
mention the important role of the contracted muscles for the
conjoined tendons inserted onto the base of the lateral aspect
of the proximal phalanx of the great toe. He also recommends
releasing these tendons which will allow restoration of the
normal alignment of the metatarso-phalangeal joint. All
patients in this study were subjected for this release in which
re-alignment wererestored and maintained. It has been
recognized that metatarsal osteotomy alone is insufficient to
correct the entire deformity. A distal soft-tissue procedure
must be added, including release of the lateral soft-tissue
contracture. This release involves the adductor hallucis from
the proximal phalanx 1. Johnson et al. 1 in a comparison
study for results of Chevron and modified McBride
bunionectomy reported that Chevron osteotomy resulted in a
statistically ~ significant  greater  correction of the
intermetatarsal angle than did the McBride bunionectomy.
Kura et al. %8 studied on ten normal fresh frozen cadaveric
foot specimens the role of the medial capsule and the
transverse metatarsal ligament in hallux valgus deformity.
They show the importance of the medial capsule in hallux
valgus deformity and that the transverse ligament did not
contribute substantially to cause the deformity. Tightening of
the medial capsule was a part of the procedure in this series.
No casting is necessary as reported by Austin and Leventen
2l this was same procedure done in this series. Previously
described basal and distal metatarsal osteotomies may be
technically difficult and have inherent disadvantages,
including shortening of the first metatarsal, stiffness of the
first metatarso-phalangeal joint, and non-union at site of the
osteotomy °1, Chevron osteotomy, when done correctly, does
not result in recurrence of the deformity and that significant
complication is rare . The surgical technique is
straightforward, but careful attention to detail is necessary to
obtain consistent and satisfactory results (51,

Mitchell osteotomy was reported in 1945 and was popularized
for long period [*2 381, This osteotomy is technically complex
with many potential problems regarding displacement and
instability (€1, Johnson et al. [l concluded that Mitchell
osteotomy is a good but technically difficult operation,
whereas the Chevron osteotomy is a good but technically easy
procedure. As the osteotomy site in case of Chevron
osteotomy is located in a cancellous bone it solidifies more
quickly than in Mitchell osteotomy 18, Kinnard and Gordon
241 in a comparison study between Chevron and Mitchell

osteotomies for correction of hallux valgus deformity
observed a better correction of the angle between the first and
second metatarsals by the Mitchell osteotomy and a tendency
to loose the correction in the immediate postoperative period
for the Chevron osteotomy. However, no clinical superiority
could be demonstrated, nor did patient satisfaction differ in
the two techniques. They conclude that these two procedures
give essentially equivalent results. Lewis and Feffer [l
reported that post-operative pain is less after Chevron
osteotomy than after a conventional Mitchell procedure, and
that the patients are quite comfortable by the second post-
operative day and usually begin walking. Patients in this
series were comfortable as first day post-operative and they
start walking also.

Wilson osteotomy was first reported in 1963 %, Schemitsch
and Horne 71 describe it as a technically straightforward,
effective, and predictable method of treatment of hallux
valgus. Holstein and Lewis [*l reported second metatarsalgia
in 17 of their 98 cases operated with Wilson osteotomy due to
shortening of the first metatarsal, Chevron osteotomy do not
carry that risk as it is considered as displacement osteotomy is
transverse plane. Gill [ reported that shortening is less likely
to occur with Chevron osteotomy compared with some other
distal osteotomies.

Klosok et al. % in a study comparing Chevron and Wilson
metatarsal osteotomy reported that the patients in the chevron
group returned to work earlier and mobilized faster. In this
study patients return to daily activities within a week and to
work in 6 weeks interval. In study carried out by Calder et al.
[l they compare fixation by screw versus suture fixation for
Mitchell’s osteotomy as a surgical options for correction of
hallux valgus deformity in 30 patients. They concluded that
the mean time for return to social activities after fixation by a
screw was 2.9 weeks and to work 4.9 weeks, which was
significantly earlier than those who had stabilization by a
suture, 5.7 and 8.7 weeks, respectively. In this series there
was no difference in return to social activities, 2 weeks, and
back to work or normal daily activities, 6 weeks. Rather those
with suture fixation patients were even more comfortable.
Johnson et al. 8 used double osteotomy for the first
metatarsal to correct the hallux valgus deformity. They had
reported stiffness of the first metatarso-phalangeal joint as the
main disadvantage of this procedure. No joint stiffness
recorded in this study. Trnka et al. 5% reported dorsi-flexion
of the first metatarsal as a complication after proximal
metatarsal osteotomies. This complication was not recorded in
this series. Horne et al. [*° perform 90° as an angle between
the two arms of the V shaped osteotomy as they had found
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that if a 60° angle is used, performance of the osteotomy
through the dorsal cortex of the metatarsal is difficult. In this
study 60° was used with no difficulties encountered.

Pelet B reported that poor results are due to failure to
observe the proper indications, or to failure in performing the
operative technique properly. In this study the utmost care
was taken in selection in the cases indicated for Chevron
osteotomy and care was undertaken during all steps of the
operative procedure.

Avascular necrosis of the first metatarsal head is a recognized
complication of the distal first metatarsal osteotomies [,
Horne et al. [*° reported in nine out of 76 feet (12%) as
evidence of avascular necrosis of the first metatarsal head but
this did not affect the clinical results. No evidence of
avascular of the metatarsal head was recorded in this series.
Other studies did not report that also after Chevron osteotomy
(8 11, 18 27, 40, 43 54 Some studies reported that patients
underwent for corrective surgery for hallux valgus are at a
low risk for venous thrombosis following the surgical
procedure 2, The prevalence of avascular necrosis can be
minimized by limiting soft-tissue stripping 1. Kuhn et al. [27]
reported that no risk of avascular necrosis and that adductor
tenotomy and lateral release could be done safely. Mann and
Donatto % reported in four feet out of 23 feet, exhibited
postoperative radiographic changes that could be construed as
avascular changes, but there was no collapse noted, nor were
there clinical symptoms of avascular necrosis. Green et al. [19]
believe that avascular necrosis of the first metatarsal head is
an infrequent complication following distal Chevron
osteotomy. Jones et al. [*% studied the vascular supply to the
first metatarsal head and found that vascular networks were
preserved when the osteotomy was done properly. Also, an
extensive plantar and plantar lateral network of vessels
provided circulation to the head. These findings explain
reason of no avascular necrosis recorded in this study and also
in other studies [8 11 18,27, 40, 43, 54]

Radl et al. 3 use fixation by k-wires and they removed it
after 4 weeks post-operatively. Fifty percent of patients in this
series were also fixed with k-wires but removed at 3 weeks
interval. No recorded infection whether with or without use of
k-wire fixation in this study. Other studies used bioabsorbable
pin for better holding the osteotomy [ 44, Although, there was
no need for removal, but a giant cell granuloma developed in
5% of their cases, which necessitates debridement. Mancuso
et al. B2 reviews 500 cases operated by different distal
metaphyseal osteotomies and they reported up to 11% of their
patients experienced pin irritation, 1.4% of cases reported as
pin site infection and which half of them required incision and
drainage. Gill et al. [T also used bioabsorbable pins to fix the
osteotomy site for Chevron osteotomy in a comparison to the
traditional k-wires in 144 feet, 74 feet with bioabsorbable pins
and 70 with k-wires. Osteolysis, which is frequently found in
association with bioabsorbable implants and was observed in
8% of this group. However, the osteolysis was a radiographic
observation only, it was not associated with clinical
complications, and it was no more frequent than that seen
with traditional K-wires. No difference between both groups
with regard to the prevalence of complications or the stability
of fixation. The group fixed by k-wires in this study report no
complication, rather than irritation from the projecting end of
the k-wire through the skin, which is disappears by the third
week post-operatively where k-wires were removed. No such
complaint reported by the other group upon suture was used
instead of the k-wires.

Chevron osteotomy located in a metaphyseal region with high

chance of union. Other diaphyseal osteotomy requires
stabilization with a lag screw, because it is unstable and
because bony union of an osteotomy of the diaphysis is not as
favorable as that of the metaphysis [,

In 50% of cases in this series no fixation is used at the
osteotomy site and results were excellent radiological and
clinical union. The capsule-periosteal flap attached to the
metatarsal shaft and this gives stability. This also reported in
earlier studies and same conclusion was reported [ 531,
Crosby and Bozarth ®1in a comparison study of temporary K-
wire fixation, Herbert Whipple screw fixation, versus no
osteotomy fixation was performed on distal chevron
osteotomies for hallux valgus deformities. The overall results
show no significant difference for different ways of fixation
versus no fixation. Same conclusion was draw up in this
study.

For long follow up period, Schneider et al. 1“8 reviewed 112
feet with a minimum follow-up of ten years following
Chevron osteotomy. They reported excellent clinical results
following Chevron osteotomy not only proved to be
consistent, but showed further improvement over a longer
follow-up period.

The chevron procedure resulted in an overall satisfactory
improvement of symptoms, function, and cosmesis 3, this
was concluded also in this study. Tranka et al. B4 reported
their results at two and five years of follow up post Chevron
osteotomy. At these two follow-up periods, the chevron
osteotomy was found to be a reliable procedure for the
correction of mild and moderate hallux valgus deformity, and
outcome did not differ on the basis of age. In this study follow
up was up to two years and have same conclusions.

The forefoot is probably the part of the body which is exposed
to the heaviest mechanical stresses [l and Chevron osteotomy
is one of the most osteotomy that carries great mechanical
stability. Chevron osteotomy technically is easier and
intrinsically more stable to dorsiflexion than other
osteotomies 141,

Radiographic assessment of the correction of hallux valgus
may bear no relation to clinical results . Most studies
assessment based on clinical outcome. Evaluation of the
results in this study based on the American Orthopaedic Foot
and Ankle Society's hallux-metatarsophalangeal-
interphalangeal scale . Also, on subjective questionnaire
regarding pain, cosmetic satisfaction and shoe wear
difficulties.

The main indication for surgical option in this series was pain.
This was also reported in several other studies [? 13 16 18],

Conclusions

The Chevron osteotomy disclosed excellent relief of pain,
good cosmetic correction and overall patient satisfaction. The
stability of the osteotomy, the technical ease makes this
procedure preferable when osteotomy of the distal portion of
the first metatarsal bone is used for correction of moderate
hallux valgus deformity. This procedure is used to treat a mild
to moderate deformity, i.e. hallux valgus angle of less than 30
degrees.

Results suggest that a capsuloperiosteal flap without using
any internal fixation material is effective. Using the American
Orthopaedic  Foot and  Ankle  Society's  hallux
metatarsophalangeal-interphalangeal scale is useful and
practical way for evaluation of the results.
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