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Abstract

Purpose
This study aimed to detect the effect of a modi�ed chevron osteotomy on hallux valgus (HV) deformity at
�ve-year follow up.

Methods
Twenty patients with symptomatic HV who underwent modi�ed chevron osteotomy between June 2014
and January 2016 were included in the present study. The follow-up duration was more than �ve years.
Each patient was evaluated preoperatively, six weeks postoperatively and �ve years postoperatively using
the visual analog scale (VAS) pain score, the American Orthopaedic Foot & Ankle Society (AOFAS) score
and cosmetic and radiological outcomes.

Results
The AOFAS score improved from 54.40 (± 4.58) preoperatively to 94.30 (± 2.15) six weeks postoperatively
(p < 0.001) and 96.95 (± 1.54) �ve years postoperatively (p < 0.001). The VAS scores decreased from 6.30
(± 1.17)preoperatively to 0.15 (± 0.37) �ve years postoperatively (p < 0.001). The mean intermetatarsal
angle improved from 16.00° (± 2.20°) preoperatively to 4.15° (± 1.22°) six weeks postoperatively (p < 
0.001) and 4.40° (± 1.39°) �ve years postoperatively (p < 0.001). The mean HV angle also improved, from
32.70° (± 5.34°) preoperatively to 4.80° (± 1.40°) six weeks postoperatively (p < 0.001) and 5.20° (± 1.32°)
�ve years postoperatively (p < 0.001). The cosmetic results were either excellent or good in 19 patients
(95%). There was no recurrence in this study during the �ve postoperative years.

Conclusion
A modi�ed chevron osteotomy can achieve successful correction of moderate-to-severe HV, with excellent
outcomes at �ve-year follow up.

Introduction
Hallux valgus (HV), characterised by a medial prominence of the �rst metatarsal head and a valgus
deviation of the �rst toe, is a forefoot deformity causing pain and discomfort(1, 2). It has been reported
that the prevalence of HV is between 23.0% and 35.7% in shoe-wearing populations(3), with higher
prevalence in women than in men since the introduction of high-fashion footwear(4).

More than 100 different surgery strategies have been used for HV correction(3, 5). Distal osteotomies of
the �rst metatarsal bone can successfully correct mild deformities; however, for moderate-to-severe
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deformities, proximal osteotomies offer a better treatment choice(6). The advantages of distal chevron
osteotomy, including technical simplicity, mechanical stability and minimal shortening, mean that this
procedure is widely accepted for HV treatment(7, 8). A meta-analysis by Smith et al. revealed that chevron
osteotomy can improve the correction of the intermetatarsal angle (IMA) to 5.3°(9). Ma et al. conducted a
meta-analysis including 384 subjects from four studies and found that, although the effects of chevron
osteotomy were non-inferior to scarf osteotomy for HV, chevron osteotomy was less technically
demanding(10). Chevron osteotomy was also demonstrated to be safe for older patients (aged 60 years
or older)(11).

Because the traditional distal chevron osteotomy often causes complications, such as delayed healing or
malunion(7), modi�cations are required to improve the surgical process. To date, few studies have
examined the long-term effects of a modi�ed chevron osteotomy in patients with symptomatic HV. We
therefore conducted this study to evaluate the effect of a modi�ed chevron osteotomy for HV correction
after a long follow-up period (�ve years).

Materials And Methods

Patients
This study was performed in the Department of Orthopedic Surgery of the Sixth A�liated Hospital of
Xinjiang Medical University. It was approved by the Institutional Review Board of the Sixth A�liated
Hospital of Xinjiang Medical University. All patients enrolled in this study signed informed consent forms.

Twenty patients with symptomatic HV who underwent modi�ed chevron osteotomy between June 2014
and July 2016 were enrolled in this study. The inclusion criteria were as follows: (1) patients were aged
18 years or older and (2) patients had symptomatic HV that did not respond to conservative treatment.
Patients with rheumatoid arthritis affecting the foot, diabetic foot problems, arthrolithiasis,
neuromuscular disease or foot infections and those who had had previous hallux operations were
excluded.

Surgical procedure
All the surgical procedures were performed by two experienced surgeons. Patients were anesthetised in
the supine position. A tourniquet was used at the proximal thigh. First, adductor hallucis tenotomy and
metatarsal-sesamoid capsular release were performed. After this process, the hallux was passively
introverted to 5°–10°. Then, a straight incision of approximately 5 cm was made at the �rst
metatarsophalangeal (MTP) joint. The metatarsal head was exposed, and the exostosis was removed. A
V-shaped osteotomy was subsequently made, with its apex at 1–1.5 cm proximal to the articular surface
of the �rst metatarsal head. The angle between the upper and the lower arm was approximately 80°–90°.
One or two cannulated screws (depending on the length of the osteotomy) were used to stabilise the
osteotomy from the dorsum of the distal metatarsal head to the plantar shaft. Then, any medial bone
protrusion was removed. Finally, subcutaneous absorbable sutures were used to close the incision.
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After surgery, an elastic adhesive bandage was applied. The bandage was adjusted weekly by the
surgeons in order to maintain the correction. Six weeks after surgery, walking in a normal shoe was
allowed. Twelve weeks after surgery, all restrictions on activity were removed.

Assessments
The follow-up duration was more than �ve years. Weight-bearing radiographs were made preoperatively,
six weeks postoperatively and �ve years postoperatively. The hallux valgus angle (HVA) and �rst-to-
second IMA were measured, as described in previous studies(12).

American Orthopaedic Foot & Ankle Society (AOFAS) scores and visual analog scale (VAS) pain scores
were measured preoperatively, six weeks postoperatively and �ve years postoperatively. The AOFAS score
was used to evaluate the patient’s function and pain according to the following scale: 90–100 points = 
excellent, 80–90 points = good, 70–79 points = fair and < 69 points = poor(13). VAS scoring used a 10-
point (10 cm) scaling ruler, where 0 corresponded to no pain and 10 to severe pain.

The cosmesis of the surgically repaired foot was also assessed at the �nal follow up. Cosmesis was
evaluated as excellent, good, fair or poor; it was judged as excellent when the great toe was in a clinically
straight position with nopostoperative scar(7).

Statistical analysis
The data in this study were analysed using SPSS 22.0 software. Categorical data were described as
numbers and percentages, while quantitative data were described as mean (± standard deviation [SD]).
The Wilcoxon signed rank sum test was used to compare the values measured preoperatively and after
each follow-up period. To avoid in�ated type I error, the Bonferroni correction was used, with p < 0.0167
(0.05/3) considered statistically signi�cant.

Results
Twenty patients with symptomatic HV who had undergone modi�ed chevron osteotomy were enrolled in
this study. Only 2 (10%) of those patients were men, while 18 (90%) were women. The mean age of the
patients at the time of the modi�ed chevron osteotomy was 51.95 (± 12.15) years (range: 19–73 years).
The mean follow-up time was 62.55 (± 2.11) months (range: 60–67 months). All patients in this study
had pain related to HV deformity before surgery. Preoperatively, the mean VAS score was 6.30 (± 1.17)
(range: 5–9) and the mean AOFAS score was 54.40 (± 4.58) (range: 48–67). Seven (35%) of the patients
underwent bilateral simultaneous operation; thus, 27 feet in 20 patients were included in the analysis.
Before surgery, the mean HVA was 32.70° (± 5.34°) (range: 25°–45°) and the mean IMA was 16.00° (± 
2.20°) (range: 12°–16°). The preoperative characteristics of the 20 patients are shown in Table 1.
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Table 1
Patient characteristics

Characteristics Subgroups/results Number of patients (feet)

Age    

Mean age 51.95 ± 12.15 -

Age group (year) 20–40 1

  40–60 15

  60–80 4

Gender Female 18

  Male 2

Bilateral vs unilateral Bilateral 7

  Unilateral 13

Hallux valgus severity (HVA)    

Mean HVA (°) 32.70 ± 5.34 -

  Mild (< 25°) 0

  Moderate (25°-40°) 18 (24)

  Severe (> 40°) 2 (3)

Mean AOFAS score 54.40 ± 4.58 -

Mean VAS 6.30 ± 1.17 -

Note: HVA, Hallux valgus angle; AOFAS, American Orthopedic Foot & Ankle Society; VAS, Visual
Analog Scale.

As shown in Table 2, the mean AOFAS score improved from 54.40 (± 4.58) (range: 48–67) preoperatively
to 94.30 (± 2.15) (range: 90–98) six weeks postoperatively (Z = − 3.926, p < 0.001); it further improved to
96.95 (± 1.54) �ve years postoperatively (Z = − 3.766, p < 0.001). The VAS scores were 1.30 (± 0.57)
(range: 1–3) six weeks postoperatively and 0.15 (± 0.37) (range: 0–1) �ve years postoperatively. Only 3
patients reported minor pain after excessive exercise �ve years postoperatively. The mean IMA improved
from 16.00° (± 2.20°) (range: 12°–16°) preoperatively to 4.15° (± 1.22°) (range: 2°–6°) six weeks
postoperatively (Z = − 3.932, p < 0.001) and 4.40° (± 1.39°) (range: 2°–7°) �ve years postoperatively (Z = − 
3.933, p < 0.001). The mean HVA improved from 32.70° (± 5.34°) (range: 24°–45°) preoperatively to 4.80°
(± 1.40°) (range: 3°–8°) six weeks postoperatively (Z = − 3.923, p < 0.001) and 5.20° (± 1.32°) (range: 3°–
7°) �ve years postoperatively (Z = − 3.924, p < 0.001).
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Table 2
The results of assessments

  Preoperatively 6 weeks postoperatively 5 years postoperatively

AOFAS score 54.40 ± 4.58 94.30 ± 2.15* 96.95 ± 1.54*,&

VAS score 6.30 ± 1.17 1.30 ± 0.57* 0.15 ± 0.37*,&

HVA (°) 32.70 ± 5.34 4.80 ± 1.40* 5.20 ± 1.32*

IMA (°) 16.00 ± 2.20 4.15 ± 1.22* 4.40 ± 1.39*

Note: Data are presented as mean ± standard deviation. *Difference of each measures between
preoperative and each follow-up period was signi�cant (p < 0.001). & Difference of values measured 6
weeks postoperatively and 5 years postoperatively was signi�cant (p < 0.001). HVA, Hallux valgus
angle; IMA, intermetatarsal angle; AOFAS, American Orthopedic Foot & Ankle Society; VAS, Visual
Analog Scale.

After surgery, all incisions healed primarily. The osteotomy healing time was approximately three to four
months. The cosmetic results �ve years postoperatively were excellent in 12 patients (60%), good in 7
(35%), fair in 1 (5%) and poor in 0 (0%). There was no HV recurrence during the �ve postoperative years;
neither did any complications, such as transfer metatarsalgia, stiffness of the �rst MTP joint or necrosis
of part or all of the metatarsal head, occur.

Discussion
The present study indicates that a modi�ed chevron osteotomy can improve all outcome assessments
(e.g. VAS score, AOFAS score, HVA and IMA) in patients with HV and that these improvements can persist
for at least �ve years postoperatively.

Risk factors for HV include gender, connective tissue disorders, pes planus and hypermobility of the �rst
ray(14). A higher prevalence of HV is seen in women, which may indicate that the habit of wearing
constricting shoes is an additional risk factor(7). Of the 20 patients with symptomatic HV enrolled in this
study, only 2 were men, i.e. the gender ratio was 9:1; this is consistent with previous studies(15).
Dysfunction of the �rst MTP joint, pain and transfer metatarsalgia are the main symptoms of HV.
Irritation of the dorsal cutaneous nerve and in�ammation of the bursa over the medial eminence
contribute to the development of pain(16).

Chevron osteotomy is usually used in patients with mild or moderate HV. However, the traditional chevron
osteotomy was associated with complications such as malunion, delayed healing, necrosis of the
metatarsal head and shortening of the �rst metatarsal(7); modi�cations have therefore been made to the
technical part of this surgical procedure to allow early rehabilitation and weight bearing (17). In this study,
27 feet in 20 patients with HV were corrected by modi�ed chevron osteotomy. This surgery achieved good
stability. There was no recurrence of HV in the present study during the �ve postoperative years and no
complications, such as transfer metatarsalgia, stiffness of �rst MTP joint or necrosis of part or all of the
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metatarsal head; this demonstrates that this technique is safe. In a previous study, Deenik et al. reported
a recurrence rate for HV of 7% after distal chevron osteotomy(18). Additionally, the results of Seo’s study
indicate a 9% recurrence rate after distal chevron osteotomy in patients with HV aged 60 years or
older(11). Comparison between our study and these two previous studies may suggest the conclusion
that the modi�ed chevron osteotomy we employed had improved stability over the traditional chevron
osteotomy; this conclusion is supported by other studies(7, 19). Verdu-Roman et al. found that a modi�ed
chevron osteotomy mitigated the shortcomings of the traditional chevron osteotomy(19). The modi�ed
procedure was able to alter foot biomechanics to reduce pain and improve foot activity(19).

The AOFAS score is widely used to evaluate pain, function and alignment (20). In the present study, the
AOFAS score improved from 54.40 (± 4.58) preoperatively to 94.30 (± 2.15) six weeks postoperatively and
96.95 (± 1.54) �ve years postoperatively; i.e. the AOFAS score was signi�cantly improved postoperatively.
These improvements indicate that modi�ed chevron osteotomy for HV increased patients’ quality of life
(QoL)(21). A recently published study including 591 cases showed that HV corrective surgery signi�cantly
improved the QoL of patients after a follow up of two years(22). Our study con�rms this result. More
importantly, our study employed a much longer follow-up period, indicating that patients’ long-term QoL
may be improved by HV surgery. The evaluation of VAS scores in this study further con�rms this
conclusion.

Radiological evaluation was also performed in this study. As expected, the HVA and IMA were
signi�cantly improved after surgery. These improvements persisted at the �ve-year follow up. A study
conducted by Giotis et al. enrolled female athletes who had undergone modi�ed chevron osteotomy(7).
At two-year postoperative follow up, the mean HVA and IMA were signi�cantly decreased(7). Vasso et al.
conducted a study in which 184 consecutive patients with symptomatic HV who had undergone modi�ed
chevron osteotomy were enrolled(23). At 24–56-month follow up, the mean HVA had signi�cantly
decreased, from 34.1° preoperatively to 6.2° postoperatively, and the mean IMA had improved from 18.5°
preoperatively to 4.1° postoperatively(23). In the present study, the mean HVA and IMA decreased from
32.7° and 16.0° preoperatively to 5.2° and 4.4° �ve years postoperatively, indicating an excellent clinical
outcome for the modi�ed chevron osteotomy.

The present study has several limitations. First, it is a retrospective study with a very small sample size,
and all patients were from a single centre. This could cause selection bias. Second, this study did not
involve a control group. Third, limited assessments were used to evaluate clinical e�cacy (VAS score,
AOFAS score, HVA and IMA). Other indicators, such as �rst metatarsal bone shortening value and
sesamoid grade(11) should also be used. Furthermore, the computed tomography of the patients with HV
was not routinely examined. Finally, it is not clear from this study whether a modi�ed chevron osteotomy
could mitigate the complications caused by the traditional chevron osteotomy. A further study with a
larger sample size on this topic should therefore be conducted.

Conclusion
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Modi�ed chevron osteotomy achieved successful correction of moderate-to-severe HV, with excellent
outcomes at �ve-year follow up.
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