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Abstract 
Background: Hallux valgus deformity is one of the most common chronic 
and progressive foot deformities. Surgical correction of the deformity plays a 
central role in the treatment of symptomatic hallux valgus. However, more 
than one hundred different surgical techniques have been described. Objec-
tive: To assess the radiological outcome of hallux valgus surgical correction 
using a scarf and akin osteotomies. Materials and methods: A cross-sectional 
hospital-based study was conducted on 25 adult patients (36 feet). Twen-
ty-two females and two males with hallux valgus were treated with surgical 
correction using a scarf and akin osteotomies. All candidates were kept on 
regular postoperative, scheduled clinical follow-up programs for one year and 
assessed radiologically. Results: Twenty-five patients (36 feet) were included 
in this study. The hallux valgus angle significantly shifted to the normal range 
(less than 15˚) after surgery, and the inter-metatarsal angle also improved to 
the normal range (less than 9˚). Conclusion: Using scarf and akin osteoto-
mies in treating moderate and severe hallux valgus deformity provides the sa-
tisfactory radiological outcomes in form of decreasing hallux valgus angle and 
inter-metatarsal angle. 
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1. Introduction 
1.1. Background 

Hallux valgus (HV) deformity is one of the most common chronic and progres-
sive foot deformities [1] [2], occurring when the hallux deviates laterally towards 
the other toes and the first metatarsal head becomes prominent medially. The 
pooled prevalence of hallux valgus deformity in the reported literature has been 
estimated to be 23% among those 18 to 65 years of age and 35.7% among those 
over 65 years of age [3]. The pathogenesis of HV deformity is a complex process 
that starts with a lateral deviation of the phalanx, this leads to varus malalignment 
of the metatarsal and medial displacement of the metatarsal head. These changes 
result in the lateral shift of the sesamoid complex. The sesamoids are connected 
to the proximal phalanx by the sesamoid-phalangeal ligament, this lateral shift 
can lead to transfer metatarsalgia because of the change in weight bearing axis. 
Following this, the medial capsule of the 1st metatarsophalangeal joint becomes 
lax while the lateral capsule becomes tense. The lateral shift of the extensor hal-
luces longus adds to the deforming forces added to the plantar and lateral shift of 
the abductor halluces. The windlass mechanism is significantly affected and be-
comes weak and transfer metatarsalgia is frequently seen [4]. 

There are a lot of risk factors for hallux valgus deformity. It can be divided 
into intrinsic and extrinsic factors. Genetic predisposition (70% of patients), in-
creased distal metaphyseal articular angle (DMAA), ligamentous laxity, convex 
metatarsal head, second toe deformity or amputation, pes planus, and rheuma-
toid arthritis are important intrinsic factors. Extrinsic factors include inappro-
priate shoes with high heels and a narrow toe box. 

The patient typically complains of pain over prominence at the MTP joint and 
difficulties wearing shoes because of medial eminence, and other functional dis-
abilities with HV; due to that, surgery is usually indicated, depending on the de-
gree of deformity based on the radiological findings as well as the physical exami-
nation findings. Radiological assessment includes weight-bearing anteroposterior 
(AP) and lateral imaging of the foot. The severity of the deformity is usually classi-
fied as mild when the hallux valgus angle (HVA) is up to 19˚, inter-metatarsal an-
gle (IMA) up to 13˚, moderate when HVA is 20˚ to 40˚; and severe when HVA 
is > 40˚ and IMA > 20˚. 

Surgical correction of the deformity has a major role in treating HV deformity, 
and >100 different surgical techniques have been described [5] [6]. Surgery entails 
releasing soft tissue and correcting alignment with a carefully planned metatarsal 
osteotomy [7]. Distal osteotomies of the first metatarsal are primarily advocated 
for mild to moderate hallux valgus deformities. For more severe abnormalities, 
additional proximal first metatarsal osteotomies have been carried out [8]. 

The scarf osteotomy is a Z-step cut in the first metatarsal bone used to reduce 
hallux valgus deformity’s increased inter-metatarsal angle (IMA). The term 
‘‘scarf’’ is a carpentry term referring to a joint created by notching two pieces of 
wood. This osteotomy is used widely in France and the United States and con-
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tinues to evolve and increase in popularity in the surgical community [8]. The 
use of the proximal phalanx (Akin) osteotomy as an adjunct to the scarf os-
teotomy has been described frequently [9] [10] [11]. When the hallux is still in 
more than 10 valgus, it is typically introduced after the scarf osteotomy, and soft 
tissue repair are finished [12]. The scarf osteotomy is a Z-step cut in the first 
metatarsal bone used to reduce hallux valgus deformity’s increased in-
ter-metatarsal angle (IMA). The term “scarf’’ is a carpentry term referring to a 
joint created by notching two pieces of wood. This osteotomy is used widely in 
France and the United States and continues to evolve and increase in popularity 
in the surgical community [8]. The use of the proximal phalanx (Akin) osteoto-
my as an adjunct to the scarf osteotomy has been described frequently [9] [10] 
[11]. When the hallux is still in more than 10 valgus, it is usually introduced af-
ter the scarf osteotomy and soft tissue repair are completed [12]. 

1.2. Objectives 

• General objective: 
To assess the radiological outcome of hallux valgus after surgical correction 

using scarf and akin osteotomies. 
• Specific objectives: 

1) To measure the hallux valgus angle before and after surgery. 
2) To compare the inter-metatarsal angle before and after correction 
3) To identity the shape of the 1st metatarsal head, congruency of the 1st me-

tatarso-phalangeal joint and the mmetatarsal Cascade. 

2. Methodology 
2.1. Study Design 

Cross-sectional, hospital-based study. 

2.2. Study Area 

The study was conducted at Future Hospital in Khartoum, Sudan. From January 
2019 to December 2022. 

2.3. Study Population 

Inclusion criteria were all adult patients from both genders with hallux valgus 
deformity who underwent acute surgical correction were included in this study. 
Patients with other foot deformities were excluded. 

2.4. Sample Size and Sampling Technique 

Total coverage of all patients with hallux valgus deformity was treated with acute 
surgical correction and met the inclusion criteria. 

2.5. Data Collection and Analysis 

Data were collected using a structured questionnaire, and the questionnaire was 
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designed and filled out by the first and second authors. Attached in the appen-
dix, including the patient’s demographic data, history, examination findings, and 
radiographic assessment for the hallux valgus angle and inter-metatarsal angle, 
were measured before surgery and one year after surgery. These angles were 
measured from weight-bearing X-rays using computer software anteroposterior 
(AP) and lateral imaging of the foot. Collected questionnaires were revised for 
completeness and accuracy, and clearance. Data were entered using the Statistic-
al Package for Social Sciences (SPSS) version 27.0 for data analysis. 

Descriptive terministic in terms of frequency tables with percentages and 
graphs. Chi-square test to assess associations (P value of 0.05 or less is consi-
dered significant). 

2.6. Our Study Limitations 

Small sample size and short follow-up period. 

2.7. Surgical Technique and Post-Operative Plan 

Careful clinical and radiological assessment of patients was handled before sur-
gery. Counselling and consent were obtained. Spinal anesthesia was chosen in 
this series, and a tourniquet was applied to all patients. The sesamoid apparatus, 
adductor halluces tendon, and lateral sesamoid ligament were freed from the in-
sertion in the metatarsal head and proximal phalanx through a dorsal incision in 
the joint capsule between the metatarsal head. A medial incision at the sagittal 
groove removed the first metatarsal’s medial eminence. A guide wire was placed 
proximal to the metatarsal head articular surface and inferior to the first meta-
tarsal dorsal cortex. The guide wire was pointed planetary at the third metatarsal 
head’s plantar surface but perpendicular to the second metatarsal’s long axis. A 
power saw was cut horizontally along the metatarsal shaft from proximal to the 
articular surface of the metatarsal head to the basal tuberosity after positioning 
an osteotomy jig on the guide wire. To enable rotation, the proximal cut was 
performed at roughly a 45˚ angle from medial proximal to lateral distal, parallel 
to the guide wire. The inferior fragment then rotated toward the second meta-
tarsal to lessen the inter-metatarsal angle after the lateral capsule was freed. By 
measuring the inter-metatarsal angle on an X-ray anterior-posterior and oblique 
views, it was possible to determine the required degree of rotation before sur-
gery. The inter-metatarsal angle was intended to be reduced to 7˚. The bone 
fragments were held with a clamp and fixed with two 2.0 millimeters cortical 
screws. The medial side of the metatarsal shaft then had the overhanging mar-
gins of the bone cut off. In each example, the proximal phalanx underwent an 
Akin closing wedge osteotomy. The Akin osteotomy was fixed using bone 
staples. Finale X-rays were checked by fluoroscopy, wound dressing and sterile 
dressing were performed after 2 weeks follow up stitches were removed. Immo-
bilization in a walker boot was applied for two months, followed by physiothe-
rapy sessions. All patients had their physiotherapy sessions at the same center, 

https://doi.org/10.4236/ojo.2023.133010


S. Nogdallah et al. 
 

 

DOI: 10.4236/ojo.2023.133010 88 Open Journal of Orthopedics 
 

and the same protocol was done for them. X-rays were taken immediately after 
surgery, then at four weeks, 12 weeks, and six months. 

3. Results 

This study included 25 participants and 36 feet. The average age was 62.2 years 
old. The main age group included 11 patients (44%), ranging in age from 60 to 
69 years. There were 9 patients over the age of 70 (36%) and 5 patients under the 
age of 60 (20%) (Figure 1). Among the 25 participants, 22 were females (88%) 
and 3 were males (12%) (Figure 2). Following surgery, the average follow-up 
time was more than 12 months in 18 patients (72%), 6 - 12 months in 4 patients 
(16%), and less than 6 months in 3 patients (12%) (Figure 3). 10 patients (40%) 
had surgical correction in their right foot, 5 patients (20%) had surgery on their 
left side, and 10 patients (40%) had bilateral correction (Figure 4). When eva-
luating radiological measures: The average pre-operative hallux valgus angle was 
36.2 degrees. The deformity was found to be severe (more than 39 degrees) in 14 
feet and moderate (between 30 and 39 degrees) in 22 feet (Table 1). The average 
post-operative hallux valgus angle was 16.9 degrees. This means that it had im-
proved by 19.2 degrees (from 36.2 to 16.9 degrees). This gain was statistically 
significant. The preoperative inter-metatarsal (IM) angle disturbance was mild 
(9 - 11 degrees) in 6 feet, moderate (12 to 17 degrees) in 17 feet, and severe 
(more than 17 degrees) in 13 feet (Table 2). The post-operative inter-metatarsal 
angle was 9.5 degrees on average. This represents a 9.9-degree improvement 
(from 19.4 to 9.5 degrees).  

The postoperative shape of the first metatarsal head was round in 16 feet, in-
termediate in 6 feet, and marginal in 14 feet, according to the study (Table 3). 
Postoperative metatarsophalangeal (MTP) joint congruency was found in 28 
joints, while 8 joints were incongruent (Table 4). We also assessed the metatarsal 
 

 
Figure 1. Showing age group. 
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Figure 2. Showing gender. 

 

 
Figure 3. Duration of follow up. 

 

 
Figure 4. Showing the side of operation. 
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Table 1. Hallux valgus (HV) angle in preoperative and post-operative. 

HV angles 

Pre Post 

R L R L 

N % N % N % N % 

<15 normal 0 0.0 0 0.0 5 31.3 7 35.0 

15 - 20 mild 0 0.0 0 0.0 5 31.3 8 40.0 

21 - 39 moderate 9 56.2 13 65.0 6 37.5 5 25.0 

>39 severe 7 43.8 7 35.0 0 0.0 0 0.0 

Total 16 100.0 20 100.0 16 100.0 20 100.0 

P value 0.026 0.017 

 
Table 2. Inter-metatarsal (IM) angle pre-operative and post-operative. 

MI angle 

Pre Post 

R L R L 

N % N % N % N % 

<9 normal 0 0.0 0 0.0 7 43.8 7 35.0 

9 - 11 mild 4 25.1 2 10.0 6 37.5 5 25.0 

12 - 17 moderate 8 50.0 9 45.0 2 12.5 8 40.0 

>17 severe 4 25.0 9 45.0 1 6.3 0 0.0 

Total 16 100.0 20 100.0 16 100.0 20 100.0 

P value     0.014  0.018  

 
Table 3. Postoperative shape of the 1st Metatarsal head. 

Shape of the 1st MT head 
R L 

N % N % 

Rounded 6 37.5 10 50.0 

Intermediate 2 12.5 4 20.0 

Marginal 8 50.0 6 30.0 

Total 16 100.0 20 100.0 

 
Table 4. Postoperative congruency of metatarsophalangeal (MTP) joint. 

Congruency of MTP joint 
R L 

N % N % 

Incongruent 4 31.3 4 19.0 

Congruent 11 68.8 17 81.0 

Total 16 100.0 20 100.0 
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cascade after surgery in this study, and it was found to be disturbed in 27 feet 
and normal in 9 feet (Table 5). 

Recurrence of the deformity was encountered in 2 feet (5.5%) and couldn’t be 
correlated statistically with either the shape of the metatarsal head or the con-
gruence of the 1st MTP. 

4. Discussion 

Surgical correction of symptomatic hallux valgus deformity aims at relieving the 
symptoms and improving the alignmentin the current study, the most affected 
age group (44%) was between 60 and 69 years old, with those under 60 years old 
being the least affected (20%). This was consistent with the findings of Hylton B. 
Menz and fellows [13], who studied the incidence and progression of hallux 
valgus. They included 1482 participants, 739 women and 743 men; the mean age 
was 62.9 ± 8.1 years. 

The majority of patients were females (88%), and only 3 patients (12%) were 
males. This is common in the literature; Christopher G. Lenz and his colleagues 
[14] found that 94 patients (89%) of their study sample were women. Also, Jo-
nathan Larholt and his fellows [15] included there were 24 females (89%) out of 
27 patients in their study. 

In this study, 10 patients were affected bilaterally (40%), and also 10 patients 
(40%) operated on the left side only, and only 5 patients (20%) had the operation 
on their right foot. Michael J. Coughlin et al. [16] studied hallux valgus demo-
graphics and etiology, finding that 87 of 108 patients (84%) had bilateral bu-
nions. 

Our patients were followed up after surgery more than 12 months in 18 pa-
tients (72%), (6 - 12 months) in 4 patients (16%), and in less than 6 months) in 3 
patients (12%). A.-K. Nilsdotter and his colleagues [17] did study outcomes after 
hallux valgus surgery, and follow-up after surgery was from 6 months to 2 years. 

Our results showed that, according to radiological measures, the angle of hal-
lux valgus significantly shifted to the normal range. The mean hallux valgus an-
gle has improved from 36.2 before surgery to 16.9 one year after the procedure. 
The inter-metatarsal angle had also shifted to the normal range. The mean in-
ter-metatarsal angle has been reduced from 19.4 before the operation to 9.5 one 
year after the correction. Both changes were statistically significant (P value < 0.05). 
 
Table 5. Postoperative metatarsal cascade. 

Metatarsal Cascade 
R L 

N % N % 

Disturbed (short first metatarsal) 4 25.0 5 25.0 

Normal 12 75.0 15 75.0 

Total 16 100.0 20 100.0 
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Ignacio Martínez Garrido and his fellows [18], in their study of 30 patients (37 
feet) with moderate to severe hallux valgus deformity, performed scarf and Aikin 
osteotomies and found in their post-operative radiological assessment of a sig-
nificant improvement (P < 0.001) of the Hallux valgus angle (mean reduction 
17.4 degrees). In the inter-metatarsal angle, they found a mean reduction of 5.8 
degrees. Christopher G. Lenz and his colleagues [14] had enrolled 106 patients 
(118 feet) and assessed patients’ pre-operative and postoperative measurements 
of Hallux valgus and inter-metatarsal angles on weight-bearing X-ray images. 
They found that the Hallux valgus angle was reduced significantly by an average 
of 18.7 degrees and the inter-metatarsal angle by 7.8 degrees. Our series’ average 
reductions in the mean Hallux valgus and inter-metatarsal angles were 19.2 and 
9.9 degrees, respectively. These findings were compared with the results of the 
above studies. 

It is still debatable if the first metatarsal (MT) head shape and the hallux val-
gus deformity are related. In the current study, the postoperative shape of the 1st 
MT head was rounded at 16 feet, intermediate at 6 feet, and marginal at 14 feet. 
The first metatarsal head’s lateral edge was investigated by Okuda and his col-
leagues [19] as a potential risk factor for hallux valgus recurrence and concluded 
that there was a significant association between a round-shaped first metatarsal 
head and the risk of hallux valgus recurrence. 

Moreover, Satoshi Yamaguchi et al. examination of the first metatarsal head’s 
lateral edge [20] discovered a high correlation between greater first metatarsal 
pronation and a positive round sign on the dorsoplantar radiograph of the first 
metatarsal head’s foot. With hallux valgus surgery, the negative round sign may 
be utilized to demonstrate the successful correction of first metatarsal pronation. 

The congruence of the first metatarsophalangeal (MTP) joint after the surgical 
correction is important in predicting the recurrence of deformity. Several re-
searches have demonstrated a strong correlation between postoperative MTP 
joint incongruence and hallux valgus recurrence. In our study, the postoperative 
incongruence of the metatarsophalangeal joint was encountered in 7 joints, and 
28 joints were congruent. Yan Li et al. [21] included 245 feet and evaluated the 
congruence of the first metatarsophalangeal joint after hallux valgus surgery. 
They claimed that the MTP joint congruency joint may be evaluated quantita-
tively using the MTP joint angle and congruence index (CI), and that the MTP 
joint congruency should be taken into account when selecting surgical tech-
niques for various levels of hallux valgus. 

In this study we also evaluated the postoperative alignment of metatarsal cas-
cade. It was found disturbed (short first metatarsal) in 9 feet and normal in 27 
feet. Following treatment of hallux valgus, Christopher G. Lenz and his col-
leagues [14] reassessed the post-operative metatarsal cascade and came to the 
conclusion that the first metatarsal had significantly shrunk. Furthermore, ac-
cording to Ahmet Kaptanetalstudy [22]’s the first metatarsal length drastically 
decreased from preoperative measurements. 
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Finally, our study shows that surgical correction of hallux valgus using a scarf 
and akin osteotomies significantly improves radiological measures. This is sup-
ported by Ignacio Martínez Garrido and his fellows [18] in their study of 30 pa-
tients (37 feet) with moderate to severe hallux valgus deformity. They used a 
scarf and Akin procedures and realized that these procedures have value in ob-
taining predictable correction of moderate to severe hallux valgus deformities. 

5. Conclusion 

Surgical management of moderate and severe hallux valgus deformity with a 
combination of scarf and akin osteotomies provides satisfactory radiological 
outcomes. This was reflected by restoring the normal values of the hallux valgus 
angle and inter-metatarsal angle in most patients. However, the metatarsal cas-
cade and the length of the 1st metatarsal can be affected after the procedure. The 
results of this study couldn’t correlate the shape of the 1st metatarsal head with 
the recurrence of the deformity. 
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Appendix 

The radiological outcome of surgical correction of hallux valgus using com-
bined scarf and akin osteotomies 

Questionnaire 
Serial No: __________ 

PR number: ________ 

1) Age (years): _______ 

2) Gender: 
Male ☐   Female ☐ 

3) The side of operation:  
Right ☐   Left ☐   Bilateral ☐ 

4) The duration of follow-up (months): _______ 

5) Hallux valgus angle: 
Pre-operative ☐  Post-Operative ☐ 

6) Inter-metatarsal angle: 
Pre-operative ☐  Post-Operative ☐ 

7) Meta-tarsal cascade: 
Normal ☐   Disturbed ☐ 

8) The shape of the first meta-tarsal head: 
Rounded ☐   Intermediate ☐   Marginal ☐ 
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