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New Classification of Polydactyly of the Foot on
the Basis of Syndactylism, Axis Deviation, and

Metatarsal Extent of Extra Digit

Hyo Hyun Seok, Ji Ung Park, Sung Tack Kwon

Background Polydactyly of the foot is one of the most frequent anomalies of the limbs.
However, most classification systems are based solely on morphology and tend to be inaccu-
rate and less relevant to surgical methods and results. The purpose of this study is to present
our new classification of polydactyly of the foot, which can serve as a predictor of treatment
and prognosis.

Methods To find a correlation between the various morphologic traits of polydactyly of
the foot and the treatment plan and outcomes, we reviewed 532 cases of polydactyly of the
foot in 431 patients treated in our hospital, expanding on our previous study that described
polydactyly based on the importance of metatarsal bone status and varus deformity. The
records of patients were evaluated and compared with previous studies at other centers.
Results Unsatisfactory results were seen in 36 cases, which included 5 cases of incomplete
separation due to syndactylism, 23 cases of axis deviation, and 8 cases of remnants of extra-
digit metatarsal bones. The locus of the polydactyly, or the digit which was involved, did not
seem to affect the final postoperative outcomes in our study. Three factors-syndactylism, axis
deviation, and metatarsal extension-are the major factors related to treatment strategy and
prognosis. Therefore, we developed a new classification system using three characters (S, A, M)
followed by three groups (0, 1, 2), to describe the complexity of polydactyly of the foot, such
as SiA:M..

Conclusions Our new classification could provide a communicable description to help deter-
mine the surgical plan and predict outcomes.
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diverse, and the prognosis varies greatly. Nevertheless, classifica-

tion of polydactyly of the foot has received little attention rela-

Polydactyly of the foot is one of the most frequent anomalies of
the limbs, accounting for 45% of congenital foot abnormalities
[1,2]. Polydactyly of the foot, like polydactyly of the hand, has
various morphologic phenotypes. The surgical methods are

tive to that of the hand, although some authors have attempted
to classify polydactyly of the foot in past publications [1,3-10].
Their cases were usually classified by representative conventional

systems used in hand polydactyly, such as the Wassel classifica-
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tion [11], Stelling and Turek’s classification [12], and the Hirase
classification [13]. These conventional classification systems
have many limitations when applied to polydactyly of the foot.
They are unclear, inaccurate, and have little relevance to surgical
methods and outcomes. Therefore, a simple and clear classifica-
tion system has been sought for polydactyly of the foot. Previ-
ously, we reported 129 polydactyly cases in 96 patients [1]. We
focused on the metatarsal bone status of polydactyly and varus
deformity after surgery. This report propelled us to formulate a
more systematized classification method.

The surgical management of polydactyly is commonly per-
formed for cosmetic and psychological reasons in Asian coun-
tries. Parental concerns about the external appearance of children
in the Republic of Korea have contributed to the magnitude of
our study and the development of a communicable classifica-
tion of polydactyly, which we have named “SAM.”

The purpose of this paper is to present our new classification
of polydactyly of the foot. The surgical treatment in polydactyly
of the foot is straightforward, but must be individualized ac-
cording to its type, and anatomical details should be considered
preoperatively to obtain more satisfactory results. We developed
a classification system to describe, in a more effective way the
different anatomical patterns of polydactyly of the foot and to
evaluate the surgical methods, complications, and residual de-

formities, according to these patterns.

METHODS

The subjects of the study were consecutive patients in the past
16 years, from March 1996 to June 2012. We have reviewed
532 cases of polydactyly of the foot in 431 patients surgically
treated by a single experienced surgeon at our hospital. The age
at surgery ranged from 0.8 to 3 years, with a mean age of 1.7
years. The records of the patients including clinical data and ra-

diographs of sufficient quality were available.

Table 1. Polydactyly in the foot according to Wassel's clas-

sification system, showing no definite relationship to com-
monly found unsatisfactory postoperative results

Wassel's Axis Incomplete Remnant
classification deviation separation metatarsal bone

|

I - - -

Il 1 1 1 -

IV 13 8 1 1

v 10 7 - 3

Vi 7 4 1 2

Vil 7 3 2 2

Total 38 23 5 8
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All of the subjects were categorized according to their varying
anatomical patterns of polydactyly of the foot and were evaluat-
ed in terms of surgical methods, complications, and residual de-
formity. Photographs of each patient were reviewed to assess the
level of syndactylism and degree of angulation. The radiographs
of each patient were reviewed to assess metatarsal involvement.

The cases were initially grouped using classical classification
systems such as the Wassel classification [11], Stelling and
Turek’s classification [12], and the Hirase classification [13].
Subsequently, the cases were grouped and analyzed according
to our newly developed classification system, and we compared
the results. This study was approved by the Institutional Review
Board of the Seoul National University Hospital (H-1212-104-
453).

RESULTS

Our cases included 210 males and 221 females, and polydactyly
of the foot was present on the right foot in 260 cases, the left
foot in 272 cases, and bilateral feet in 101 cases. Consistent with
past publications, the majority, involving 448 cases (84%), were
of the postaxial type, followed by the preaxial type with 47 (8%)
and central type with 37 (6%) [14].

Analyses based on the grouping by previous classification sys-
tems are summarized in Tables 1-3. Wassel type IV (13 cases),
Hirase type B-1 (196 cases), and Stelling and Turek type 1
(277 cases) were the most common type in each classification

system. Unsatisfactory results requiring secondary surgery were

Table 2. Polydactyly in the foot according to Hirase's clas-

sification system, showing no definite relationship to com-
monly found unsatisfactory postoperative results

Hirase's No Axis  Incomplete Remnant
classification " deviation separation metatarsal bone

Type A 162 11 - 2

Type B-1 196 8 3 3

Type B-2 920 4 2 3

Total 458 23 ® 8

Table 3. Polydactyly in the foot according to Stelling and

Turek's classification and no definite relationship to com-
monly found unsatisfactory postoperative results

StTeJIrI:Igsand No. Axisde- Incomplete Remnant
classification " viation separation metatarsal bone

1 277 - 3 -

2 192 10 1 8

3 66 13 1 -

Total 435 23 5 8
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Fig. 1. Special considerations in applying SAM clinically

(A, B, C) Fifth toe polydactyly. This case was classified as SoA:M, by the SAM classification. Medial ray excision was performed. In this case, lateral
ray excision would have been appropriate because we could have avoided unnecessary primary wedge ostectomy and reduced hospital admission
hours. This case would be SoAM; if the excised toe belonged to the lateral ray. (D, E) Postoperative deformities: web widening and angulation

deformity. S, syndactylism; A, axis deviation; M, metatarsal extension.

o

Fig. 2. A example of proper classification of SAM, preopera-
tively

(A) Preoperative photograph. (B) Satisfactory results two years pos-
toperatively. In both feet, after lateral toe excision, reconstruction
of the collateral ligaments was performed for alignment. No web
widening was observed. S, syndactylism; A, axis deviation; M, meta-
tarsal extension.

SAM clas- S . A . M
e Syndactylism to  Angulation/ Metatarsal
sification ) Lo .
the adjacent toe  Deviation extension
0 No <15° No
1 Incomplete, <1/2 15°< <30° Metatarsal head shared,
but shaft (-)
2 1/2 < <complete, =30° Shaft (+) and more
complex syndactyly
S, syndactylism; A, axis deviation; M, metatarsal extension.

seen in 36 cases, which included five cases of web recurrence
due to incomplete separation of syndactylism, 23 cases of angu-
lation deformity due to axis deviation, and 8 cases of remnant
metatarsal bones of the extra digit.

Web recurrence occurred in three cases of polydactyly with
complete syndactylism and two cases of polydactyly with
incomplete syndactylism, with no incidence in simple polydac-
tyly. Twenty-three cases of angulation deformity exhibited pre-
operative axis deviation greater than 15°. Seven cases of residual
bony deformities were associated with their duplicated metatar-
sal shaft. Residual bony deformity occurred in one patient with
a broad-headed metatarsal bone. No complications occurred in
the group with no metatarsal extension (Figs. 1,2).

There was no definite correlation between these conventional
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Fig. 3. S1A:M; polydactyly

(A) Relationship of the ideal axis line of the remnant toe to the exi-
sting preoperative axis (purple line, existing preoperative axis; green
line, ideal axis line of remnant toe = expected postoperative axis). The
sixth toe was excised for a more normal contour and satisfactory
postoperative results in this case. (B) This radiologic findings represent
Ss polydactyly. S, syndactylism; A, axis deviation; M, metatarsal exten-
sion.

classifications and commonunsatisfactory postoperative results,

such as axis deviation, incomplete separation, and residual

metatarsal bony deformities.

Suggested New Classification System: SAM

(S, syndactylism; A, axis deviation; M, metatarsal extension)
We introduce a new classification system of polydactyly of the
foot. Categorization is based on syndactylism, axis deviation,

and metatarsal extension and is summarized in Table 4.

Syndactylism

Each S group is defined as follows: 1) So: Simple polydactyly,
which does not have any syndactylism with the adjacent toe
preserved after excision of the extra digit. 2) Si: Incomplete
syndactylism of the adjacent toe preserved after excision of the
extra digit, with webbing involving less than half of the total
length of the involved digits. 3) S: Syndactylism with greater
than half of the digit length or complete syndactylism, or com-
plex syndactylism of the adjacent toe preserved after excision of
the extra digit.

Axis deviation
Each A group is defined as follows: 1) Ao: Angulation, less than
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Fig. 4. Extent of extra metatarsal digit

M, metatarsal extension.

(e

15° axis deviation from the toe that is to be preserved. 2) A::
Angulation, 15-30° axis deviation from the toe that is to be pre-
served. 3) A,: Angulation of greater than 30° (Fig. 3).

Metatarsal extent of extra digit
Each M group is described as follows and as illustrated in Fig. 4.
1) Mo: No metatarsal involvement. 2) M;: Broad-headed meta-
tarsal bone. No shaft duplication. 3) M,: Y-shaped metatarsal
bone or complete duplication of the metatarsal bone (Fig. S).
The application of the SAM classification in our patient group
is summarized in Table S. According to our new classification,
the So type (58%), A: type (45%), and M, (42%) types were
most commonly found in each category. Combining the three
categories, the most common anatomical pattern was the S; Ao-
Ai Mo-M, type.

DISCUSSION

Many attempts to classify polydactyly of the foot have been de-
scribed in past publications [1,3-10]. Numerous authors, feeling
the need for an organized overview, have attempted to devise a
classification system for polydactyly of the foot. The most im-
portant studies on polydactyly of the foot are by Venn-Watson
[4], who reported the results 3.2 years after treatment on a se-
ries of 6S patients and introduced an important morphological
classification on the basis of the anatomic configuration of the
metatarsal and the duplicated bony parts. Phelps and Grogan
[S] were the first to report long-term results (mean 1S years) in
a group of 61 patients, and Masada et al. [6] and Watanabe et
al. [7] reported long-term results on 110 and 268 patients, re-
spectively, treated in Japan [8]. However, despite many sugges-
tions otherwise, these conventional classifications are based on
morphology only and a classification taking into consideration
the important aspects of polydactyly of the foot that can guide
surgical planning and predict postoperative outcomes was yet to
be introduced.

The surgical treatment of polydactyly could be thought of as
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Fig. 5. M, polydactyly and M. polydactyly

These radiologic findings demonstrate My polydactyly of the right
foot and M polydactyly of the left foot. M, metatarsal extension.

Table 5. Polydactyly in the foot according to the SAM classi-

fication

Incomplete Axis Remnant
Grade S . S
separation deviation metatarsal bone
0 309 - 1567 - 212 -
1 163 2 238 8 226 1
2 60 3 137 15 94 7
Total 532 8 532 23 532 8
S, syndactylism; A, axis deviation; M, metatarsal extension.

a simple practice of excising the extra digit, but it requires cre-
ativity and flexibility in the application of surgical techniques
in order to restore an aesthetically pleasing, functional, and
stable foot. To achieve satisfactory surgical results, surgical plans
should be individualized. Therefore, preoperative assessment
with an appropriate classification system is necessary [9].

During the analysis of our cases, we discovered that cases of
revision operation for secondary deformities and unsatisfac-
tory results usually resulted from axis deviation, incomplete
separation of syndactylism, and remaining lesions of the extra
digit, mainly occurring at the proximal portion of the involved
metatarsal bone. Contrary to our expectation, the actual locus of
polydactyly did not seem to affect final postoperative outcomes
or patient satisfaction in polydactyly of the foot. Our aim was
to build a classification system to predict these unsatisfactory
results and further prevent these problems.

The excision of various types of extra digit is certainly the main
procedure in surgery for polydactyly. However, in some cases,
skin grafts and wedge ostectomies must be performed to correct
axis deviation and prevent residual deformities of the digit to be
preserved. These factors can determine the surgical time, hos-
pitalization length, and surgical outcomes. The need for such
procedures should be reflected in a proper classification system.

Based on this study, we introduce a new classification system,
named “SAM.” The basic principle of our proposed system is
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to classify polydactyly of the foot according to three categories.
Each category is also subdivided into three groups. In this clas-
sification system, theoretically, 27 permutations (3x3%3), or
classes, are possible by combining the three categories, each
with three groups.

Each category has its own meaning. The category of syndac-
tylism (S) reflects the requirement for skin graft during surgery.
Syndactylism of the adjacent toe to be preserved determines
the S category. Through the syndactylism grouping (So to S»),
we expect to predict the surgical time and the amount of effort
required from the surgeon during the skin graft. The So group
should require only simple division without skin grafting. S, to
S, requires skin grafting after division. Understanding the extent
of syndactylism combined with polydactyly of the foot is impor-
tant to prevent web recurrence and secondary surgery.

Axis deviation of the toe to be preserved (A) reflects the need
for wedge ostectomy during surgery, and incomplete correction
was the most common cause of secondary surgery in our cases.
Through axis deviation grouping (Ao to A), we can preopera-
tively predict the need for wedge ostectomy, which, in turn, af-
fects operation time. If angulation greater than 15° (A to A,) is
measured, we carefully perform wedge ostectomy to prevent fur-
ther angulation deformity. To correct for axis deviation, wedge
ostectomy and restoration of the collateral ligament of the extra
digit was carefully performed.

The category of metatarsal extension (M) is an important
component in the description of morphology and can help de-
termine the surgical approach to treating the duplicated meta-
tarsal bone. The metatarsal bone of the foot plays a significant
role in sustaining the transverse arch of the foot, which functions
as a support. Therefore, we must understand the extent of meta-
tarsal duplication of the polydactyly to be treated [2,15]. In M,
to M, cases, we cannot exclude the possibility of postoperative
residual bone deformity or angulation deformity.

In the clinical application of our classification system, we found
some morphologically different groups with the same clinical
implications and unified these groups into a single group. For ex-
ample, complex syndactyly is a very rare condition, and instead
of creating a separate group, we included this type with the clini-
cally similar S2 group in which there is syndactylism of greater
than half of the digit length. Division of cases with no angulation
and cases with less than 15° angulation into separate groups also
turned out to be meaningless. In neither group did we perform
primary wedge ostectomy during the initial operation, and
the postoperative results were similar. In the M, groups, which
included morphologically different Y-shaped metatarsal bones
and complete duplication, we were able to produce similar re-

sults by extending our incision on the dorsal side of the foot to
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remove the duplicated metatarsal bone. In this way, we were able
to use SAM to classify cases into 27 possible groups (3x3x 3)
clinically.

The SAM system could be compared to the conventional clas-
sification systems in several ways, as we mentioned above [1].
This new system is based on simultaneous radiological and
morphological criteria. Additionally, we can customize surgical
methods and preoperatively predict outcomes such as residual
deformities.

The ideal classification of polydactyly of the foot must predict
the various possible outcomes and help determine the treat-
ment plan. The nomenclature of the system has to be easily
understandable to paramedics as well as clinicians. We suggest
a new classification system to provide a communicable descrip-
tion of the surgical plan and assess the predictability of out-
comes as well as the morphological presentation, on which pre-
vious classification systems were based. Through our new SAM
classification system, a clear and thorough treatment plan can
be achieved interactively among different specialists including
nurses, physical therapists, and plastic hand surgeons preparing
for surgical treatment.

Our study also has some limitations. We did not assess the
meaning of SAM statistically, and its advantages over other
available classification methods still need to be verified. Further
studies will be needed to demonstrate the role of SAM as a new
powerful predictor of operation time and duration of hospital
stay.

Our study is the largest-scale investigation of polydactyly of
the foot and introduces the SAM classification as a new classifi-
cation system for this condition. By applying the SAM classifica-
tion, we can provide a better understanding and greater predict-
ability of treatment outcomes, effectively perform individual-

ized surgical treatment, and achieve more successful outcomes.
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