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Flandre Hospital, Lille, France

Objective: This study aimed (i) to evaluate the radiographic characteristics of
patients with congenital thumb duplication (CTD) type C2 according to the
classification of Wu et al., (i) to describe the various subtypes of type C2 CTD,
and (iii) to propose a classification system that allows the identification of
different surgical strategies based on the radiographic anatomy of this specific
subtype of duplication.

Methods: We retrospectively reviewed 92 patients (92 thumbs) with type C2
CTD according to the Wu et al. classification in our institution between August
2015 and April 2021. All CTDs were classified according to the interphalangeal
joint alignment of the main thumb at the posteroanterior radiograph of the
thumb before operation: type | (ho deviation), type Il (ulnar deviation), and
type Il (radial deviation).

Results: All CTDs (n=92) could be classified according to the proposed
classification system: 76 (82.6%) were type I, 10 (10.9%) were type Il, and six
were type Il (6.5%). According to the Kim system of subtype classification,
there were 55 (59.8%) type 1, 24 (26.1%) type 2, and 13 (14.1%) type 3 cases.
Conclusions: The suggested classification completes the Wu et al. system and
has the potential to guide surgical treatment in children with type C2 CTD.
Level of evidence: Ill.
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Introduction

Congenital thumb duplication (CTD) is one of the most common hand deformities in
children (1-3). The local anatomy can be particularly complex and can include bony
abnormalities and abnormal localization of tendons and thenar muscle (4-6).
Therefore, simple excision of the supernumerary thumb may be insufficient, and
adequate bony and soft tissue reconstruction is required (7-9).

Wassel-Flatt type III CTD, in which the duplicated thumb has a bony attachment at
the level of the proximal phalanx, is a rare malformation as it accounts for between 3% and
10% of all CTDs (2, 6, 7). Furthermore, few reports on CTD III alone, mostly with a small
number of patients, are available in the literature (2, 8-11). For example, Horii et al.
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described 11 cases of type III CTD treated with radial thumb
excision and size augmentation and concluded that the technique
provides a functionally good thumb (12). Kim et al. divided 32
cases of type III CTD into three subtypes (1-3) based on the
alignment of the duplicated thumb and evaluated the applied
surgical procedures and outcomes. However, these works have not
described the special cases of type III CTD in which the
supernumerary thumb is connected by bone tissue to the proximal
phalanx and which do not correspond to the classic bifurcated
phalanx (2). No study to date has specifically evaluated the
radiographic features of proximal phalanx deformity in type III CTD.

To overcome some of these problems, Wu et al. introduced a
modified radiographic classification for CTD that allows the
classification of all forms of CTD with excellent inter- and intra-
observer reliability (10). Specifically, type C2 of the Wu et al.
classification includes all types of type III CTD described in the
works of Horii et al. and Kim et al. In particular, it allows the
various subtypes to be identified on the basis of bony
connection, regardless of the presence of a typical proximal
bifurcated phalanx (1, 2, 10-12).

The objectives of this study were (i) to evaluate the radiographic
characteristics of patients with CTD type C2 according to the
classification of Wu et al. who were seen at our center between
August 2015 and April 2021, (ii) to describe the various subtypes
of type C2 CTD, and (iii) to propose a classification system that
allows the identification of different surgical strategies based on
the radiographic anatomy of this specific subtype of duplication.

Materials and methods

After securing approval from the Institutional Review Board
(IRB) of our hospital (316B01) and obtaining informed consent
from the parents or legal guardians of the study participants, we
retrospectively reviewed the medical records of 92 children (n=
92 thumbs) who were diagnosed with type C2 CTD according to
the Wu et al. classification between August 2015 and April 2021
at our institution (10).

The inclusion criteria were as follows: (1) confirmed diagnosis
of type C2 CTD according to the Wu et al. classification, (2)
complete clinical and radiological data, and (3) treatment
exclusively performed at our institution.

Patients with incomplete clinical and radiological data, CTD
other than type C2 according to the Wu et al. classification, and
those managed elsewhere were excluded.

C2 CTD subtypes

The authors proposed a new system for classifying the various
subtypes of C2 CTD from the Wu et al. classification.

The identification of the various subtypes is essentially based
on the alignment of the interphalangeal (IP) joint of the main
thumb rather than that of the supernumerary thumb.

Type I identifies cases in which there is no axial deviation; the
alignment of the IP joint of the main thumb is good, with no radial
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FIGURE 1

Subtypes of type C2 CTD based on the Wu et al. classification (10).
Type I: good IP alignment of the main thumb without radial or
ulnar deviation. Type II: ulnar deviation of the IP joint of the main
thumb. Type llI: radial deviation of the IP joint of the main thumb.

or ulnar deviation. Type II identifies cases where there is ulnar
deviation of the main thumb; the IP joint of the first thumb has
deviated to the ulnar side. Type III identifies cases with radial
deviation of the main thumb; the alignment of the IP joint of the
main thumb has radial deviation (Figure 1).

Surgical strategies

The classification system of CTD type C2 subtypes is based on
the radiographic and clinical anatomy of the duplications and is
related to the surgical procedures that can be implemented.

For type I forms with good alignment of the main thumb and
IP, the surgical option is excision of the supernumerary thumb and
reconstruction of the soft tissues (tendons, thenar muscle, flexor or
extensor longus of the thumb) (Figures 2A,B). Another option is
Bilhaut-Cloquet surgery, which includes reconstruction of the
distal phalanx alone (Figure 2C) or both the distal and proximal
phalanges (Figure 2D) with soft tissue reconstruction, with or
without nail bed reconstruction (8, 12-14).

For type II duplications, with ulnar deviation of the main
thumb and IP, the supernumerary thumb is excised, and an
osteotomy of the proximal phalanx and reconstruction of the
periosteal ligament/sleeve must be performed (Figure 3).

For type III CTDs, with radial deviation of the main thumb and
IP, the supernumerary thumb is excised and an osteotomy of the
proximal phalanx, a reconstruction of the periosteal ligament/
sleeve, and a reconstruction of the thenar muscle or flexor
tendon must be performed (Figure 4A); in this group, another
option is Bilhaut-Cloquet surgery (Figure 4B) (8, 12-14).

Statistical analysis

All statistical analyses were performed using the SPSS 22.0
statistics package (SPSS, Chicago, IL, USA). Categorical parameters
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FIGURE 2

Surgical reconstruction of type | duplication. (A) resection of the distal phalanx and partial resection of the proximal phalanx; reconstruction of the
collateral ligament is needed. (B) Resection of proximal and distal phalanx with reconstruction of the collateral ligament and thenar muscle. (C)
Bilhaut—Cloquet procedure at the distal phalanx only. (D) Bilhaut—Cloquet procedure at the proximal and distal phalanx. (C) and (D) require soft

tissue reconstruction with or without nail bed reconstruction.

FIGURE 3

Reconstruction of type Il duplication with ulnar deviation; the extra
thumb is excised, and corrective osteotomy of the proximal
phalanx and ligament/periosteal sleeve reconstruction is performed.

are expressed as frequencies and percentages. Quantitative data are
expressed as the mean * standard deviation and range. The chi-
squared test was used to compare the gender, side, bifurcation
level, and dominant thumb in these groups. The tests were two-
sided, and a p-value of <0.05 was considered significant.

Results

A total of 35 girls and 57 boys with CTD (n =92 thumbs) met
the inclusion criteria. The right side was involved in 58 patients (63%),
and the left side was involved in 34 patients (37%). The male-to-female
and right-to-left ratios were 1.6:1 and 1.7:1, respectively. The average age
at the time of surgery was 29.3 + 2.8 months (range 11-159).

Among included thumbs, 86 out of 92 could be classified
according to the Wassel-Flatt (3) classification as type III, while
92 out of 92 were classified as type C2 according to the Wu
et al. classification.

FIGURE 4

Reconstruction of type Il duplication with radial deviation. (A) The extra thumb is excised, and corrective osteotomy of the proximal phalanx, a
reconstruction of the ligament/periosteal sleeve, and a reconstruction of the thenar muscle or flexor tendon are performed. (B) Bilhaut—Cloquet
procedure and soft tissue reconstruction with or without nail bed reconstruction.
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FIGURE 5

Radiographs of the special pathoanatomy of CTDs in parallel type (A), divergent type (B—E), and convergent type (F, G) groups.

According to the Kim et al. system, 55 (59.8%) CTDs,
including two cases of special pathoanatomy that were shown as
distal bifurcation incisura of the proximal phalanx, were type 1
(Figure 5A); 24 (26.1%),
pathoanatomy that were shown as a phalanx slightly widened to

including 13 cases of special
accommodate both distal phalanges with an interphalangeal joint

deviation of the main thumb but not typical bifurcation, a

proximal coaxial bifurcation of the proximal phalanx with a
common epiphysis, or a proximal widened basal deformity of the
proximal phalanx without typical bifurcation, were type 2
(Figures 5B-E); and 13 (14.1%), including 12 cases of special
pathoanatomy that were shown as a proximal widened basal
deformity of the proximal bifurcation phalanx with a common
epiphysis, were convergent type 3 (Figures 5F,G).

TABLE 1 Kim et al. (2) and Wu et al. (10) systems according to demographic characteristics of patients.

Dominant thumb

Characteristics Gender Laterality Bifurcation level
n (%) . . . :
Female Radial Distal Proximal
Kim et al. system I 33 (60.0) 22 (40.0) 39 (70.9) 16 (29.1) 52 (94.5) 3 (5.5) 40 (72.7) 15 (27.3) 55 (59.8)
1 16 (66.7) 8 (33.3) 11 (45.8) 13 (54.2) 24 (100) 0 (0) 13 (54.2) 11 (45.8) 24 (26.1)
11 8 (61.5) 5 (38.5) 8 (61.5) 5 (38.5) 13 (100) 0 (0) 3(23.1) 10 (76.9) 13 (14.1)
Wu et al. system 47 (61.8) 29 (38.2) 50 (65.8) 26 (34.2) 73 (96.1) 3(3.9) 46 (60.5) 30 (39.5) 76 (82.6)
6 (60.0) 4 (40.0) 5 (50.0) 5 (50.0) 10 (100) 0 (0) 10 (100) 0 (0) 10 (10.9)
4 (66.7) 2 (33.3) 3 (50.0) 3 (50.0) 6 (100) 0 (0) 1(16.7) 5 (83.3) 6 (6.5)
Total 57 (62.0) 35 (38.0) 58 (63.0) 34 (37.0) 89 (96.7) 3 (3.3) 56 (60.9) 36 (39.1) 92
Chi-squared 0.546 6.103 1.717 23.048 —
p-value 0.996 0.293 0911 0.000 —
Frontiers in Pediatrics 04 frontiersin.org
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TABLE 2 Alignment of the interphalangeal joint of the main thumb
according to the Kim et al. system.

IP alignment Characteristics | Kim et al. classification = Total

(Wu et al. classification)

Main No deviation (type A) | 55 (100) | 15 (62.5) | 6 (46.1) | 76 (82.6)

thumb | Ulnar deviation (type B) | 0 (0) 8 (33.3) | 2 (154) |10 (10.9)
Radial deviation (type C) | 0 (0) 1(4.2) 5 (38.5) 6 (6.5)

Total 55 (59.8) | 24 (26.1) | 13 (14.1) | 92

Chi-squared 37.487

p-value 0.000

All CTDs (n = 92) could be classified according to the proposed
system: 76 (82.6%) had no deviation of the IP joint of the main
thumb (type I), 10 (10.9%) had an ulnar deviation of the IP joint
of the main thumb (type II), and 6 (6.5%) had a radial deviation
of the IP joint of the main thumb (type III).

Table 1 shows the gender, laterality, size of hypoplastic
duplications, type of surgical procedure, and bifurcation level at
the proximal phalanx according to the Kim et al. system and Wu
et al. classification (Table 1).

Table 2 compares the proportion of IP joint alignment
characteristics of the main thumb in patients with CTD
according to the Kim et al. classification system (Table 2).

Discussion

Our study found that classifying C2 CTDs into three subtypes
(I, II, and III) based on the alignment of the IP joint of the main
thumb allows the radiological appearance of these three subtypes
to be identified (2, 10). The system is useful for classifying the
various proximal phalanx deformities of C2 CTDs and may
potentially aid in surgical strategy, but the role of the
classification in guiding surgical treatment requires further
investigation. In addition, surgical management depends not only
on radiographic features but also on thumb development and
size, parental choice, and healthcare setting.

Kim et al. introduced a system of three subtypes, 1-3, and
found that collateral ligament reconstruction after excision of
only the distal phalanx of the supernumerary thumb with
preservation of the proximal phalanx of the main thumb is
associated with better clinical and radiographic outcomes than
excision of the proximal phalanx of the extra thumb (2).
However, the subtype system introduced by Kim et al. is not
complete regarding the pathoanatomy of proximal phalanx
deformities and therefore its use in surgical practice is limited (2).

Our findings showed type C2 CTD is prevalent in boys with a
right-sided trend, which is in accordance with most previous
reports. In particular, Kim et al. (n=32), Baek et al. (n=5), and
Horii et al. (n=11) reported a male-to-female ratio ranging
between 1.5-1.7 and 1, while in our series (1=92), the ratio
ranged between 1.6 and 1; in addition, these previous studies
reported right-to-left ratio between 1.8-4 and 1, while in our
series the ratio ranged between 1.7 and 1 (2, 8, 12). These
discrepancies may be related to differences in samples, economic
status, level of medical care, and environmental factors (2, 8, 10-12).
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According to the Kim et al. system, type I CTD was the most
common (59.8%), followed by type II (26.1%) and type III
(14.1%) (2). Although all CTDs of our series could be classified
according to the system of Kim et al,, the incidence of the various
subtypes we found in our work is different from those reported in
the study of Kim et al. (type I: 59.8% vs. 43.75%; type II: 26.1%
vs. 43.75%; type III: 14.1% vs. 12.5%); in addition, the number of
cases was relatively low and some pathoanatomical characteristics
of CTDs may have not been included due to their rarity. There
were two (3.6%), 13 (54.2%), and 12 (92.3%) cases of special
pathoanatomy in subtypes I, II, and III, respectively (Figure 5). In
addition, the Kim et al. subtype system is based solely on the
interval between the main and duplicate thumbs and not on the
morphological features of the main thumb (2). For example, in the
divergent or convergent type, the alignment of the IP of the main
thumb may be without deviation, with ulnar deviation, or with
radial deviation; this aspect was not considered by Kim et al.
Some surgeons do not rely on a subtype system to determine
treatment but may instead use a combination of skin, tendon, and
skeletal features to guide surgical decisions (13-17).

The classification system we used in this work is based on a
radiographic analysis of the alignment of the IP joint of the main
thumb and its anatomy. All CTDs could be classified according to
this system; in particular, the most frequent subtype was the one
with no deviation (type I; 82.6%), followed by the one with ulnar
deviation (type II; 10.9%) and the one with radial deviation (type
III; 6.5%). It is interesting to note that the duplication of the distal
phalanx originates in most cases at the level of its distal part in
type I (60.5%) and II (100%) and from its most proximal part in
type III (83.3%). This finding is important as IP joint alignment of
the main thumb and duplication characteristics can influence the
choice of surgical treatment. In patients with type I deformity, the
surgical treatment implies the excision of the distal phalanx in
association with partial preservation of the proximal phalanx of
the extra thumb to maintain the remaining digit in good
alignment; alternatively, the proximal phalanx can be completely
excised and the thenar muscle reconstructed or a Bilhaut-Cloquet
procedure can be performed (Figures 2A-D) (2, 11, 12). Although
the Bilhaut-Cloquet procedure allows obtaining a normal-sized
thumb with a stable interphalangeal joint, it has limitations, such
as the technical difficulty of combining all segments of a
duplicated thumb, possible later physeal growth arrest, joint
stiffness, and nail-plate deformity (8, 12). We found that the most
common type of duplication with thumbs of comparable size
could be successfully treated with the Bilhaut-Cloquet procedure:
type A in 75% of cases, followed by type C in 16.7% of cases.

In patients with type II deformity, the surgical treatment includes
excision of the extra thumb, corrective osteotomy of the proximal
phalanx, and ligament/periosteal sleeve reconstruction (Figure 3).

In patients with type IIT deformity, the surgical treatment must
consider the complex pathoanatomy of the deformity, including
bony deformity and abnormal location of tendons and thenar
muscle (18-20). Surgery includes excision of the extra thumb,
corrective osteotomy of the proximal phalanx, a reconstruction of
the ligament/periosteal sleeve, and a reconstruction of the thenar
muscle or flexor tendon; alternatively, the Bilhaut-Cloquet
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procedure and soft tissue reconstruction with or without nail bed
reconstruction can be performed (one case with similar size of
hypoplastic duplications in this study) (Figures 4A,B). Although
more research is needed to confirm whether such procedures are
feasible for such small thumbs, surgery may be postponed until
the thumb is large enough.

It should be noted that certain limitations were observed in the
present study: (1) this is a descriptive and retrospective study, but it
includes a relatively large cohort of patients with type C2 CTD and
all subtypes are likely to be represented; (2) even though they have
been used in multiple publications, none of the classification systems
used in this study have had their reliability tested; (3) although the
proposed classification has some advantages compared to previously
published systems, it still has not yet been tested to guide surgical
treatment; (4) finally, most patients (89.1%) underwent simple
excision and soft tissue reconstruction of the extra thumb, but not
exactly the procedure we now propose, such as the Bilhaut-Cloquet
procedure and corrective osteotomy of the proximal phalanx.
Therefore, further clinical studies with large sample sizes and long
follow-ups of patients treated with the different procedures are
needed to verify their reliability and feasibility.

Conclusion

There is space for developing new classification systems,
which are fully comprehensive and easy to use in clinical practice.
The proposed classification system based on radiographic
pathoanatomy complements the system of Wu et al. and can
improve communication between professionals. It may potentially
aid in surgical strategy, but as our results are preliminary, the role
of the classification in guiding surgical treatment in children with
type C2 CTD needs to be further investigated.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the
Institutional Review Board (IRB) of Guangzhou Women and

References

1. Wu JP, Shi WZ, Lin XM, Li JC, Yuan Z, Zhu MW, et al. Epidemiological
characteristics and distribution of congenital thumb duplication in south China: an
analysis of 2,300 thumbs in 2,108 children. Front Pediatr. (2022) 10:1027243.
doi: 10.3389/fped.2022.1027243

2. Kim JK, Yoon JO, Shin YH, Lee SH. Modified Wassel-Flatt type III radial
polydactyly: subtypes and their outcomes. ] Hand Surg Am. (2024) 49(1):60.e1-e8.
doi: 10.1016/j.jhsa.2022.04.024

3. Wassel HD. The results of surgery for polydactyly of the thumb. Clin Orthop.
(1969) 64:175-93.

Frontiers in Pediatrics

10.3389/fped.2023.1286662

Children’s Medical Center (316B01). The studies were conducted
in accordance with the local legislation and institutional
requirements. Written informed consent for participation was
not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and institutional requirements.

Author contributions

JW: Funding acquisition, Writing — original draft. WS: Project
draft. HZ:
administration, Writing - original draft. JL: Data curation,
Writing - original draft. YQL: Writing — review & editing. KH:
Data curation, Writing - original draft. ZY: Formal Analysis,

administration, Writing -  original Project

Writing - original draft. MZ: Formal Analysis, Writing — original
draft. YZL: Writing - review & editing. FC: Writing - review &
editing. HX: Writing - review & editing.

Funding

The authors declare financial support was received for the
research, authorship, and/or publication of this article.

This work was supported by funding from the Guangzhou
Municipal Health and Family Planning Commission (20231A011039).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

4. Saito S, Tsuge I, Yamanaka H, Morimoto N. Soft tissue abnormalities in Wassel
type VI radial polydactyly: a detailed anatomical study. ] Hand Surg Eur Vol. (2021) 46
(4):352-9. doi: 10.1177/1753193421990212

5. Kim JK, Al-Dhafer BAA, Shin YH, Joo HS. Polydactyly of the thumb: a
modification of the Wassel-Flatt classification. ] Hand Surg Eur Vol. (2021) 46
(4):346-51. doi: 10.1177/1753193420981541

6. Tada K, Yonenobu K, Tsuyuguchi Y, Kawai H, Egawa T. Duplication of the
thumb. A retrospective review of two hundred and thirty-seven cases. ] Bone Joint
Surg Am. (1983) 65(5):584-98. doi: 10.2106/00004623-198365050-00002

frontiersin.org


https://doi.org/10.3389/fped.2022.1027243
https://doi.org/10.1016/j.jhsa.2022.04.024
https://doi.org/10.1177/1753193421990212
https://doi.org/10.1177/1753193420981541
https://doi.org/10.2106/00004623-198365050-00002
https://doi.org/10.3389/fped.2023.1286662
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Wu et al.

7. Ogino T, Ishii S, Takahata S, Kato H. Long-term results of surgical treatment of
thumb polydactyly. J Hand Surg Am. (1996) 21(3):478-86. doi: 10.1016/S0363-5023
(96)80366-2

8. Baek GH, Gong HS, Chung MS, Oh JH, Lee YH, Lee SK. Modified Bilhaut-
Cloquet procedure for Wassel type-II and III polydactyly of the thumb. J Bone Joint
Surg Am. (2007) 89(3):534-41. doi: 10.2106/JBJS.F.00812

9. Chung MS, Baek GH, Gong HS, Lee HJ, Kim J, Rhee SH. Radial polydactyly:
proposal for a new classification system based on the 159 duplicated thumbs.
] Pediatr Orthop. (2013) 33(2):190-6. doi: 10.1097/BPO.0b013e3182648ca8

10. Wu JP, Shi WZ, Lin XM, Li JC, Hong K, Liu YZ, et al. Modified radiographic
classification system for congenital thumb duplication: an analysis of 2,300 thumbs
in 2,108 children. J Hand Surg Am. (2022):50363-5023(22)00327-6. doi: 10.1016/j.
jhsa.2022.06.001

11. Tonkin MA, Bulstrode NW. The Bilhaut-Cloquet procedure for Wassel types
II, IV and VII thumb duplication. ] Hand Surg Eur Vol. (2007) 32(6):684-93.
doi: 10.1016/J.JHSE.2007.05.021

12. Horii E, Hattori T, Koh S, Majima M. Reconstruction for Wassel type III radial
polydactyly with two digits equal in size. ] Hand Surg Am. (2009) 34(10):1802-7.
doi: 10.1016/j.jhsa.2009.07.018

13. He B, Nan GX. A modified Bilhaut-Cloquet procedure for thumb duplication:
reconstruction of functionality and appearance. ] Plast Reconstr Aesthet Surg. (2022)
75(8):2644-9. doi: 10.1016/j.bjps.2022.02.036

Frontiers in Pediatrics

07

10.3389/fped.2023.1286662

14. Al-Qattan MM, Kattan AE, Al-Lazzam A, Gelidan AG. A modified
Bilhaut-Cloquet procedure for zigzag thumb polydactyly types III and IV.
Plast Reconstr Surg Glob Open. (2017) 5(12):e1589. doi: 10.1097/GOX.000000
0000001589

15. Miller R, Kaempfen A, Moledina J, Sivakumar B, Smith G, Nikkhah D.
Correction of thumb duplication: a systematic review of surgical techniques. ] Hand
Microsurg. (2020) 12(2):74-84. doi: 10.1055/5-0039-1700445

16. Zhou T, Zhang X, Yu XF, Bai YB, Chen H, Li J, et al. Modified method for
reconstruction of thumb abduction function in children undergoing surgical
treatment of thumb duplication. J Child Orthop. (2021) 15(2):97-105. doi: 10.1302/
1863-2548.15.200197

17. Tonkin MA. Thumb duplication: concepts and techniques. Clin Orthop Surg.
(2012) 4(1):1-17. doi: 10.4055/ci0s.2012.4.1.1

18. Cabrera-Gonzilez M, Pérez-Lopez LM, Martinez SG, Gutiérrez de la Iglesia
D. Prognostic value of age and Wassel classification in the reconstruction of
thumb duplication. J Child Orthop. (2013) 7(6):551-7. doi: 10.1007/s11832-013-
0534-3

19. Tonkin M. Thumb duplication/polydactyly. ] Hand Surg Eur Vol. (2021) 46
(4):341-5. doi: 10.1177/1753193421994778

20. Yen CH, Chan WL, Leung HB, Mak KH. Thumb polydactyly: clinical outcome
after reconstruction. J Orthop Surg (HongKong). (2006) 14(3):295-302. doi: 10.1177/
230949900601400312

frontiersin.org


https://doi.org/10.1016/S0363-5023(96)80366-2
https://doi.org/10.1016/S0363-5023(96)80366-2
https://doi.org/10.2106/JBJS.F.00812
https://doi.org/10.1097/BPO.0b013e3182648ca8
https://doi.org/10.1016/j.jhsa.2022.06.001
https://doi.org/10.1016/j.jhsa.2022.06.001
https://doi.org/10.1016/J.JHSE.2007.05.021
https://doi.org/10.1016/j.jhsa.2009.07.018
https://doi.org/10.1016/j.bjps.2022.02.036
https://doi.org/10.1097/GOX.0000000000001589
https://doi.org/10.1097/GOX.0000000000001589
https://doi.org/10.1055/s-0039-1700445
https://doi.org/10.1302/1863-2548.15.200197
https://doi.org/10.1302/1863-2548.15.200197
https://doi.org/10.4055/cios.2012.4.1.1
https://doi.org/10.1007/s11832-013-0534-3
https://doi.org/10.1007/s11832-013-0534-3
https://doi.org/10.1177/1753193421994778
https://doi.org/10.1177/230949900601400312
https://doi.org/10.1177/230949900601400312
https://doi.org/10.3389/fped.2023.1286662
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Radiographic features of congenital thumb duplication type C2 of Wu et al. classification: new subtypes and surgical strategies
	Introduction
	Materials and methods
	C2 CTD subtypes
	Surgical strategies
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


