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Introduction 

Polydactyly of the foot is a common congenital anomaly [1]. Surgical methods 
and prognosis vary depending on the degree and type of polydactyly. Simple de-
formities require excision of the extra digit, which is possible as early as postnatal 
period. For cases in which the bones, joints, and ligaments are intricately con-
nected, surgery is performed when general anesthesia is possible [2-4]. In several 
Asian countries, people take off their shoes before going indoors and rarely wear 
shoes inside. Therefore, parents from these cultures prefer their children to un-
dergo foot surgery to treat even minor problems as early as possible [5]. 

The treatment of polydactyly of the foot has been less highlighted than that of 
the hand because it causes fewer functional problems. However, when left un-
treated, it can cause developmental delay related to footwear difficulties, psycho-
logical problems related to cosmesis [2,6,7]. In this study, we gathered patients 
with untreated polydactyly of the foot to obtain reasons for deciding to receive 
treatment as an adult and also investigate the functional and cosmetic results. 
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Original Article
Purpose: Polydactyly of the foot is a common congenital anomaly. The goal of surgery 
for polydactyly is to increase similarity to the contralateral foot, with a well-aligned 
arcade of toes that allows patients to wear normal footwear and ambulate painlessly. 
Foot appearance is especially important in Asian countries where people remove their 
shoes indoors. This study reviewed the surgical results in patients who underwent sur-
gery for correction of untreated foot polydactyly after the age of 18 years. 
Methods: We retrospectively analyzed the data of 11 patients who underwent surgery 
between 2006 and 2019. The forefoot width, angulation difference, and toe length ra-
tios between the affected and unaffected feet were compared before and after the 
operation. In addition, the purpose of the surgery and postoperative cosmetic satisfac-
tion were collected for each patient. 
Results: The median age at the time of the operation was 25 years (interquartile 
range, 22–32 years) and most patients presented with postaxial polydactyly. The pri-
mary reasons to undergo surgery were both functional and cosmetic. The forefoot 
width and angle difference ratios became significantly more similar to the contralat-
eral side postoperatively (p<0.05). No significant difference was found in the toe 
length ratio. Postoperative Global Aesthetic Improvement Scale scores showed satis-
factory results. 
Conclusion: The main reasons for surgery in adulthood included the diverse conse-
quences of functional and cosmetic aspects of the anomaly. Surgery for patients with 
untreated polydactyly of the foot can yield satisfactory objective and subjective results 
regardless of the intervention timing. 
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Methods 

Ethics statement: This study was approved by the Institutional 
Review Board of Seoul National University College of Medicine 
(No. 2201-065-1290). Written informed consent was obtained for 
publication of this article and accompanying images.

Between 2006 and 2019, a total of 361 patients underwent 
surgery for polydactyly of the foot in our institute. A total of 11 
patients with polydactyly of the foot who underwent their first 
treatment procedure after the age of 18 years were included. 
Patients who underwent secondary operations (contracture re-
lease, 5; soft tissue rearrangement, 4; wedge osteotomy, 4), who 
could not be reached (n = 9), or under the age of 18 years 
(n = 328) were excluded from the study. Demographic informa-
tion, family history, and treatment details were retrospectively 
gathered. Cases were classified according to the SAM (syndac-
tylism, axis deviation, metatarsal extension) system [8]. SAM 
system consists of three categories to classify foot polydactyly: 

presence of syndactyly, presence of any axis deviation, and ex-
tent of metatarsal involvement based on preoperative physical 
and radiologic examination. 

Pre- and postoperative values of forefoot width, angle differ-
ence, and toe length were measured on anteroposterior (AP) 
foot radiographs and compared with each patient’s contralater-
al, unaffected side [9]. Forefoot width was evaluated by mea-
suring the largest distance between soft tissue margins of the 
first and fifth (or sixth) metatarsophalangeal joints (Fig. 1A). 
The orderly alignment of the arcade of the toes was evaluated 
by comparing the angle difference in the alignment of the toes 
before and after surgery (Fig. 1B). Two lines connecting the 
midpoints of the tips of the affected toe and the adjacent toes 
were drawn on the AP foot radiographs. The angle between the 
two lines was measured. Preserved toe lengths were measured 
as the distance between the tips of the distal phalanx and the 
base of the proximal phalanx (Fig. 1C). Results were evaluated 
in ratios of affected to unaffected sides for each category. The 
closer the ratio was to 1, the greater the similarity between the 
affected and unaffected sides. 

Subjective evaluation of the surgical results was defined with 
a Global Aesthetic Improvement Scale (GAIS) score and used 
as a reference parameter by the patient. The GAIS is a 5-point 
scale rating global aesthetic improvement in appearance com-
pared to pretreatment [10]. The rating categories are worse (5 
points), no change (4 points), improved (3 points), much im-
proved (2 points), and very much improved (1 point). Also, 
each patient was asked short answer questions about the pur-
pose of the surgery, and the authors sorted them into ‘function-
al’ or ‘cosmetic.’ 

Surgery was performed under tourniquet application. For 
postaxial polydactyly, the toe to be excised was decided based 
on the toe length, angular deviation, and arcade of toes. In cas-
es with syndactylism, two toes were separated by an interdigital 
zigzag incision, taking care not to disrupt the neurovascular 
bundle. Wedge osteotomy was performed at the proximal pha-
lanx if the toe deviated more than 15° [9]. For skin defects be-
tween the toes, full-thickness skin was applied which was har-
vested from the inguinal area. 

Statistical analysis 
Data are presented as median and interquartile range. For the 

continuous variables, Wilcoxon signed-rank test was applied to 
compare between pre- and postoperative status. All statistical 
analyses were performed using the PASW Statistics ver. 18 
(IBM Corp., Armonk, NY, USA), and a p-value of < 0.05 was 
considered statistically significant.  

Fig. 1. Measurements performed using anteroposterior foot 
X-rays preoperatively and postoperatively. (A) Forefoot width 
was measured at the widest length of the soft tissue margins 
between the first and fifth (or sixth) metatarsophalangeal joints. 
(B) The angle difference was assessed by drawing two linear lines 
that connected the midpoint of the tips of the outermost two 
adjacent toes and measuring the angle between the two lines. (C) 
Toe length was measured as the distance between the tips of the 
distal phalanx to the base of the proximal phalanx.
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Results 

The clinical features of the patients and GAIS scores are 
shown in Table 1. Ten patients had postaxial type polydactyly, 
among which seven patients had syndactylism. The median age 
of the operation conducted was 25 years. Patients reported no 
other underlying diseases except one who had right-hand po-
staxial syndactyly. Another patient reported a family history of 
polydactyly of the hand. 

The main complaints due to untreated polydactyly of foot 
were 36.7% functional (n = 4) and 63.6% cosmetic (n = 7). 
Functional complaints included discomfort when wearing 
shoes and recurrent callus formation on the first or fifth toe. 
Patients who had social consequences of cosmetic problems 
mainly reported social isolation and the need to hide their feet 
due to disfiguration. The specific answers of the patients are 
listed in Table 1. 

Of the 10 cases of postaxial polydactyly, six underwent exci-
sion of the sixth toe and four of the fifth toe. Seven patients re-
quired skin grafting (for S1 and S2) and six required wedge os-
teotomies of the proximal phalanx. Objective postoperative 
values are shown in Table 2. Forefoot width and angle differ-
ence became significantly similar to the contralateral side post-
operatively (p < 0.05). There was no significant difference in 
preserved toe length. 

The follow-up period was a median of 7 months. There were 
no postoperative complications, including wound dehiscence, 
infection, or graft failure (Figs. 2, 3). However, one case ap-
peared with a hypertrophic scar. No cases revealed any varus or 
valgus deformities, functional disturbances, or foot pain after 
surgery until the last follow-up session. The patients’ postoper-
ative GAIS ratings demonstrated overall satisfaction with the 
treatment. 

Table 1. Clinical features, verbatim quotes from the patients on the purpose of surgery, and GAIS scores

Case No. Sex Age at time 
of surgery (yr) Location SAM 

classification
Other 

anomalies
Family 
history Main purpose of surgerya) GAIS score at the 

last follow-upb)

1 Female 35 Left 5th toe S0A2M2 No No F: Pain upon wearing customized shoes 2
2 Female 25 Right 5th toe S1A1M0 No No C: Embarrassed to expose the foot 2
3 Female 24 Right 5th toe S0A1M0 No Yes C: Ashamed to wear open toe heels 3
4 Female 27 Left 5th toe S0A1M0 No No C: Ashamed of exposing the foot indoors 

without socks
1

5 Female 56 Right 5th toe S1A0M1 No No F: Discomfort upon wearing customized 
shoes for a long time

1

6 Female 20 Left 5th toe S2A1M0 No No C: Embarrassed to expose the foot 1
7 Male 22 Right 5th toe S0A1M2 Yes No F: Callus formation when wearing cus-

tomized shoes
3

8 Male 22 Left 5th toe S2A1M2 No No F: Pain when wearing customized shoes 1
9 Female 29 Right 5th toe S2A0M0 No No C: Embarrassed and think the foot is ugly 2
10 Female 21 Left 2nd toe S1A1M0 No No C: Tired of people talking about the 

shape of the toe
1

11 Female 53 Right 5th toe S1A0M0 No No C: Embarrassed to expose the foot 1

GAIS, Global Aesthetic Improvement Scale; S, syndactylism; A, axis deviation; M, metatarsal extension; F, functional purpose; C, cosmetic purpose.
a)Due to word limits, the most meaningful quotes have been selected and represented here.
b)The rating categories for GAIS score are worse (5 points), no change (4 points), improved (3 points), much improved (2 points), and very much improved 
(1 point).

Table 2. Comparison of preoperative and postoperative measurements of forefoot width, angle difference, and toe length ratio

Measurement
Preoperative Postoperative

p-value
Affected Unaffected Affected/

unaffected Affected Unaffected Affected/
unaffected

Forefoot width (mm) 99.22 (93.79–104.91) 90.46 (89.22–93.1) 1.10 89.35 (84.75–94.80) 90.00 (87.83–93.29) 0.99 0.005*
Angle difference (°) 21.40 (15.46–33.29) 13.76 (3.62–14.77) 1.56 10.38 (7.40–18.73) 6.76 (4.63–14.86) 1.54 0.021*
Toe length (mm) 35.07 (33.57–37.25) 34.00 (31.78–35.14) 1.03 34.03 (32.09–38.00) 34.00 (31.80–35.21) 1.00 0.083

Values are presented as median (interquartile range).
*p<0.05.
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Discussion 

Polydactyly of the foot is defined as the presence of six or 
more toes. Duplication occurs at any level from the midfoot to 
the distal phalanges. Most cases are of the postaxial type with 
duplicated fifth rays constituting 80% of duplications, and syn-
dactyly is often present [1,5]. Polydactyly of the foot may be 
present as part of a collection of abnormalities, or it may exist 
by itself, inherited as an autosomal dominant trait. The most 

commonly associated condition is polydactyly of the hand, 
with an incidence of 33% [6]. 

Polydactyly of the foot can cause both functional and cos-
metic abnormalities. Functional abnormalities include difficul-
ty in wearing customary shoes and occasional pain while walk-
ing [11]. However, in polydactyly without the involvement of 
the metatarsal bone, problems are considered more cosmetic 
than functional. It is a different matter when the metatarsal is 
involved, as the fifth toe metatarsal head plays a significant 

Fig. 2. Case 1 with left foot postaxial foot polydactyly. (A) Preoperative photograph and X-ray of a 35-year-old female patient with left 
postaxial polysyndactyly, type S0A2M2 (S, syndactylism; A, axis deviation; M, metatarsal extension). The forefoot width, angle difference, 
and toe length ratios of the affected to unaffected feet were measured as 1.06, 10.34, and 1.03, respectively. (B) Postoperative X-ray after 
15 years. The postoperative forefoot width, angle difference, and toe length ratios were measured as 0.97, 7.83, and 1.06, respectively. 
The Global Aesthetic Improvement Scale score was 2.

Fig. 3. Case 10 with left foot second toe polydactyly. (A) Preoperative photograph and X-ray of a 21-year-old female patient with left 
foot second toe, type S1A1M0 (S, syndactylism; A, axis deviation; M, metatarsal extension). The forefoot width, angle difference, and 
toe length ratios of the affected to unaffected feet were measured as 0.99, 1.41, and 1.05, respectively. (B) Postoperative X-ray after 2 
months. The postoperative forefoot width, angle difference, and toe length ratios were measured as 0.96, 1.22, and 0.99, respectively. The 
Global Aesthetic Improvement Scale score was 1.

A

A

B

B
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role; it sustains the transverse arch of the foot, which functions 
as a spring and allows smooth walking with weight transfer 
[12]. Patients in our study were mostly classified as M0 (with-
out metatarsal bone involvement, 64%), and for this group, the 
focus of the surgery was more cosmetic than functional. 

Many studies have reported the importance of appearance as 
a patient-reported outcome in surgery for congenital differenc-
es [13-15]. Normalizing appearance clearly offers benefits, and 
the success of surgical treatment should not be underestimated. 
Most studies reported enhanced self-esteem, more positive ap-
pearance ratings, and improvements in social confidence fol-
lowing surgery [16,17]. Even without much functional impair-
ment, the affected patients experienced improvements in the 
GAIS rating. The difficulties most frequently reported by peo-
ple who are visibly different relate to negative self-perceptions 
and challenges with social interaction [18]. It has been suggest-
ed that the earlier the surgery, the greater the psychological 
benefit to the child [19,20]. Although this study included cases 
of foot polydactyly, interviews hint that under the current cul-
ture of taking off shoes indoors, patients felt discomfort and 
isolation due to foot appearance. 

The limitations of this study were a small number of cases 
with no control group, and the results were self-evaluated. 
However, this study presented postoperative outcomes with ob-
jective values and parameters. Measurements showed that fore-
foot width and alignment of the toe arcade were significantly 
similar to those of the contralateral foot postoperatively. In ad-
dition, through surveys with the adults, opinions on the incon-
venience of congenital deformity and the reasons for surgery 
were clearly conveyed. 

The deformities may have been neglected until adulthood 
because this group of patients had no functional problems. 
However, patients experienced social issues arising from being 
different and eventually sought treatment. 

Conclusion 

The results of this study suggest that surgery for untreated 
polydactyly, with or without evident functional deficits, yields 
satisfactory results. Regardless of age, surgery should be per-
formed without a doubt that good results will occur. 
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