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Objective: This study aimed to assess the radiographic features of patients diagnosed with congenital thumb duplication (CTD) type A2 based on the Wu et al. classification, describe the different subtypes of duplications and propose a classification system that permits identifying various surgical strategies.



Methods: We evaluated 665 patients (680 thumbs) diagnosed with type A2 CTDs by examining the alignment of the interphalangeal (IP) and metacarpophalangeal (MP) joints of the primary thumb on posteroanterior (PA) radiographs. The classification system has four types: Type I (no deviation); Type II (ulnar deviation); Type III (hypertrophic epiphysis); and Type IV (convergent). Types I-IV were compared to Hung et al.'s system Type A-D (Hypoplastic, Ulnar Deviation, Divergent, and Convergent).



Results: Of the 680 fingers, 436 (64.1%) were determined to be Wassel type IV while 244 (35.9%) were classified as Wassel type VII. All of the 436 fingers could be categorized according to the subtypes of the Hung et al. system; in particular, 369 (84.6%) were identified as type B, 52 (11.9%) as type D, and 15 cases (3.4%) as type C. The proposed classification system worked effectively for all CTDs (n = 680). 494 cases were classified as type II (72.6%), while 75 cases were classified as type I (11.0%). The remaining 111 cases were further classified as either type IV (9.3%) or type III (7.1%). The Wu et al. systems showed excellent intra-rater (0.881) and inter-rater (0.873) reliability compared to the Hung et al. systems (0.842 and 0.823, respectively).



Conclusions: The proposed radiographic pathoanatomical system has the potential to improve communication and guide optimal procedure selection for different subtypes of CTD depending on the attachment of the extra digit to the main thumb and the alignment of the interphalangeal and metacarpophalangeal joints of the primary thumb (Wu et al. type A2).
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Introduction

Congenital thumb duplication (CTD) is a common hand anomaly observed in children (1–3), characterized by bony irregularities and abnormal localization of flexor or extensor tendons and thenar muscle (4–6). Therefore, surgical treatment should not only include resection of the supernumerary thumb, but also adequate bony and soft tissue reconstruction (5–9).

Wassel-Flatt type IV CTD, which is characterized by duplication at the metacarpophalangeal (MP) joint, accounts for between 35.3% and 44.9% of all CTDs (1–3, 6–8). Currently, limited studies are available on type IV alone, particularly in terms of its subtypes and surgical strategies, and most of these studies involve small sample sizes (4, 10–12). Dautel et al. operated on 17 thumbs of 16 children with type IV CTD using a patterned flap; their research demonstrated the technique was possible and effective in enhancing the size and shape of the reconstructed thumb (12). In an additional study, Hung et al. classified 43 cases of type IV CTD into four subtypes that have significant implications for surgical intervention (4). Previous studies did not examine the unique instances of type VII CTD. In these cases, an extra thumb appears as a triphalangeal digit, but not as the primary one. The surgical techniques for type VII CTD are similar to those for type IV. It is essential to recognize that the additional digits may attach to the main digits through a joint, cartilage, epiphysis or soft tissue, which might impact the option for surgical intervention. To date, no study has assessed the radiographic properties of CTD at the MP joint level.

To solve some of these issues, Wu et al. introduced a radiographic system capable of classifying all CTDs with excellent interobserver and intraobserver reliability (13). In particular, type A2 in Wu et al. classification includes all types of type IV CTD, which feature duplications connected by joint rather than cartilage, epiphysis, or soft tissues at the MP joint level described by Hung et al. (4). Additionally, Wu et al. classification can include certain type VII CTDs in which the supernumerary thumb is triphalangeal, but not the main thumb, and is connected to the main finger by an articulation (1–3, 8, 13).

The purpose of this research was to describe the radiographic features of patients with CTD type A2 grouped by Wu et al. classification, recognize various subtypes of type A2 CTD, and suggest a categorization approach to distinguish diverse surgical strategies based on the radiographic anatomy of this common subtype of duplication.



Materials and methods

After obtaining approval from the Institutional Review Board (IRB) at our institution (316B01) and informed consent from parents/legal guardians of study participants, we conducted a retrospective review of medical records for 665 children (n = 680 thumbs) diagnosed with type A2 CTD according to the Wu et al. classification at our institution between August 2015 and April 2021 (13).

The study enrolled patients who met the following inclusion criteria: (1) a confirmed diagnosis of type A2 CTD according to the classification system developed by Wu et al.; (2) complete clinical and radiological data; and (3) treatment solely performed at our institution. Patients with incomplete clinical and radiologic data, CTD other than type A2 according to Wu et al. classification, and those treated elsewhere were excluded.


Radiological assessment

The Wassel-Flatt classification system divides CTD into seven subtypes based on the anatomic level of skeletal duplication (3): I (bifid distal phalanx), II (duplicated distal phalanx), III (bifid proximal phalanx), IV (duplicated proximal phalanx; most common subtype), V (bifid metacarpal), VI (duplicated metacarpal), and VII (triphalangeal thumb).

The classification system of Hung et al. divides CTD at the level of the MP joint into 4 subtypes (4): Type A (hypoplastic) identifies cases in which the duplicated radial thumb connected to the ulnar thumb by soft tissue is hypoplastic, atrophic, or even dangling. Type B (ulnar deviated) includes cases with a slightly hypoplastic and angulated radial thumb joined to a large ulnar thumb with or without ulnar deviation of the MP joint and interphalangeal (IP) joint. Type C (divergent) identifies cases in which both thumbs are of equal size and are straight and divergent. Type D (convergent) identifies cases in which the two thumbs joined by joint, epiphysis, or cartilage are widely separated and divergent at the MP joint, while at the interphalangeal (IP) joint the distal phalanges are acutely divergent and point toward each other, like a lobster's claws (Figure 1).


[image: Figure 1]
FIGURE 1
Classification system of Wassel type IV subtypes by Hung et al: type A (hypoplastic), type B (ulnar deviation), type C (divergent), and type D (convergent) (3, 4).


According to the pathoanatomy at the origin of the extra thumb, the classification of CTD by Wu et al. is characterized by four main groups: A (articular type), B (epiphyseal type), C (bone type), and D (soft tissue type). Each group has four subtypes according to the location of the duplication, with the first three subtypes extending from the distal phalanges to the metacarpals or from the interphalanges to the metacarpals, and the fourth subtype including only the triphalanges of the main thumbs, whether or not the extra thumbs are present. When two or more types of extra thumbs attached to the main thumb are present, they are classified by subtypes of each extra thumb from the distal phalanx to the metacarpal (combined type) (13) (Figure 2a).


[image: Figure 2]
FIGURE 2
(a) Wu et al. classification system (13); (b) Congenital thumb duplication (CTD) type A2 based on the Wu et al. classification: Type I (no deviation), Type II (ulnar deviation), Type III (hypertrophic epiphysis) and Type IV (convergent).




Wu et al. A2 CTD subclassification system

The authors propose a new system for classifying the different subtypes of Wu et al. A2 CTD, in which the extra thumb is connected to the main thumb by a joint at the level of the MP joint (13). The identification of the different subtypes is essentially based on the alignment of the IP and MP joints of the main thumb, but not of the supernumerary thumb. The classification considers that angulation less than 10° as acceptable or no deviation and identifies 4 subtypes:


	Type I (no deviation) identifies cases in which there is no axial deviation at the level of the IP and MP joints; the alignment of the IP and MP joints of the main thumb is good, with no radial and ulnar deviations;

	Type II (ulnar deviation) identifies cases in which there is ulnar deviation of the main thumb at the level of the MP joint, while the IP joint is well aligned;

	Type III (hypertrophic epiphysis) identifies cases where the main thumb's IP and MP joints deviate towards the ulna in association, with hypertrophic epiphysis of the distal phalanx;

	Type IV (convergent) identifies cases with radial deviation of the IP joint and ulnar deviation of the MP joint of the main thumb (Figure 2b).





Surgical strategies

The classification system of type A2 CTD subtypes is essentially based on the alignment of the IP and MP joints. Understanding the radiographic and clinical anatomy of the duplication can assist in selecting the optimal surgical approach.

For type I duplications with good alignment of the IP and MP joints of the main thumb, the surgical option is mainly excision of the supernumerary thumb and reconstruction of the collateral ligament and thenar muscle of the main thumb (Figure 3a) (6, 7, 12). Some CTDs with hypoplastic duplications where both thumbs are of comparable size should be treated with the Bilhaut-Cloquet procedure (Figure 3b) (14–17).


[image: Figure 3]
FIGURE 3
Surgical reconstruction of a type I duplication can be achieved with two procedures: (a) resection of the extra thumb and reconstruction of the collateral ligament and thenar muscle; (b) Bilhaut-Cloquet procedure, with or without nail bed reconstruction.


For type II duplications with no deviation of the IP joint and ulnar deviation of the MP joint of the main thumb, excision of the supernumerary thumb, reconstruction of the collateral ligament of the MP joint of the main thumb, osteotomy of the metacarpus and reconstruction of the periosteal ligament/sleeve may be performed as the primary option (Figure 4a,b) (17–19). Another option in this group, similar to type I forms, is the Bilhaut-Cloquet procedure for patients with hypoplastic duplications of CTDs of comparable size (Figure 4c) (14–17).


[image: Figure 4]
FIGURE 4
Surgical reconstruction of a type II duplication can be achieved with three procedures: (a) removing the extra thumb and reconstructing the collateral ligament and thenar muscle; (b) excising the extra thumb, reconstructing the thenar muscle, performing a corrective osteotomy of the metacarpus, and reconstructing the ligament/periosteal sleeve; (c) Bilhaut-Cloquet procedure, with or without nail bed reconstruction.


Type III dupliations with ulnar deviation of the IP and MP joint of the main thumb require excision of the supernumerary thumb, epiphyseal osteotomy of the distal phalanx, collateral ligament reconstruction, and reconstruction of the thenar muscle of the MP joint of the main thumb (Figure 5a); metacarpal osteotomy and periosteal ligament/sleeve reconstruction may also be performed (Figure 5b) (17–19).


[image: Figure 5]
FIGURE 5
Surgical reconstruction of a type III duplication can be achieved with two procedures: (a) involves excision of the extra thumb, reconstruction of the collateral ligament/periosteal sleeve and thenar muscle, and corrective osteotomy of the hypertrophic epiphysis of the distal phalanx; (b) involves excision of the extra thumb, reconstruction of the thenar muscle, corrective osteotomy of the hypertrophic epiphysis of the distal phalanx and metacarpus, and reconstruction of the ligament/periosteal sleeve.


Type IV duplications, which tend to present as hypoplastic duplications with the main and supernumerary thumbs of similar size and with radial deviation of the IP joint and ulnar deviation of the MP joint of the main thumb, can be successfully treated with the Bilhaut-Cloquet procedure as the primary option (Figure 6a,b) (14–17). Other options include excision of the extra thumb, reconstruction of the collateral ligament, reconstruction of the thenar muscle or flexor or extensor tendon, osteotomy of the proximal phalanx or metacarpus, and reconstruction of the periosteal ligament/sleeve (Figure 6c) (17, 20).


[image: Figure 6]
FIGURE 6
Reconstruction of type IV duplication involves the Bilhaut-Cloquet procedure (a,b). Moreover, removing the extra thumb and reconstructing the ulnar collateral ligament of IP, radial collateral ligament of MP, thenar muscle, and flexor tendon reconstruction (c) are necessary.




Statistical analysis

All statistical analyses were performed with the SPSS 22.0 statistical package (SPSS, Chicago, IL, USA). Categorical parameters are expressed as frequencies and percentages. Quantitative data are expressed as mean ± standard deviation and range. Chi-squared test was used to compare sex, side and size of thumb duplications in these groups. The tests were two-tailed, and a p-value of <0.05 was considered significant.

The kappa coefficient for correlated data and the proportion accuracy (%) were calculated to measure the interobserver reliability at the first and second grading and the intraobserver reliability between the first and second grading. According to the ICC values described by Koo and Li, the agreement was interpreted as follows <0.5 (poor agreement), 0.5–0.75 (moderate agreement), 0.75–0.9 (good agreement), and 0.9–1.0 (excellent agreement) (21).




Results

A total of 250 female and 415 male patients with CTD (n = 680 thumbs) met the inclusion criteria; 421 (62%) and 259 (38%) patients had the right and left sides affected, respectively. The male to female ratio and right to left ratio were 1.7:1 and 1.6:1, respectively. The average age at time of surgery was 22.9 ± 13.6 months (range, 7–140).

Among the thumbs included in the study, 436 and 244 out of 680 were classified as type IV and type VII, respectively, according to the Wassel-Flatt system while all 680 thumbs were classified as type A2 in accordance with the Wu et al. Classification.

Out of the 436 fingers that fell into the type IV of the Wassel-Flatt classification system, 64 (14.7%) had duplication of the thumb without any deviation of the IP and MP joint of the main thumb. All 436 cases were classified as Hung et al. type B (n = 369; 84.7%), type C (n = 15; 3.4%), and type D (n = 52; 11.9%).

All 680 cases of CTDs were classified using the Wu et al. system; specifically, 75 cases were classified as type I (11%), 494 cases as type II (72.6%), 48 cases as type III (7.1%), and 63 cases as type IV (9.3%).

Table 1 detail the patient demographics, including sex, laterality, size of comparable duplications, and type of surgical procedures according to the Hung et al. and Wu et al. system (Table 1).


TABLE 1 Hung et al. and Wu et al. system according to demographic characteristics of patients.

[image: Table 1]

Table 2 compare the proportions of the alignment characteristics of the IP joint and MP joint of the primary thumb in patients with CTD as per the classification systems of Hung et al. and Wu et al. (Table 2).


TABLE 2 Alignment of the interphalangeal and metacarpophalangeal joints of the main thumb following the Hung et al. and Wu et al. systems.

[image: Table 2]

The Wu et al. systems showed excellent intra-rater (0.881) and inter-rater (0.873) reliability compared to the Hung et al. systems (0.842 and 0.823, respectively).



Discussion

The current paper presents a new system for classifying the different subtypes of Wu et al. A2 CTD, in which the extra thumb is connected to the main thumb by a joint at the level of the MP joint (13). The classification system is based on the alignment of the IP and MP joints of the main thumb, but not of the extra thumb, and identifies 4 subtypes: no deviation (type I), ulnar deviation (type II), hypertrophic epiphysis (type III), convergent (type IV). The vast majority of cases were type II (72.6%), followed by type I (11%), type IV (9.3), and type III (7.1%). Communication between surgeons dealing with this deformity may be improved by the reported classification system.

Hung et al. classified Wassel type IV duplication, the most common type of thumb duplication, into 4 types: (A) hypoplastic, (B) ulnar deviated (the most common), (C) divergent, and (D) convergent (the most complex bone and soft tissue anomalies). This classification system has important implications for surgical management. However, the subtype system introduced by Hung et al. is not comprehensive with respect to the pathoanatomy at the origin of the extra digit and the alignment of the IP and MP joints of the main thumb. Therefore, its use in surgical practice is somewhat limited (4). Our research found that the A2 CTDs of Wu et al. can be classified into four subtypes (I, II, III, and IV) according to the alignment of the IP and MP joints of the primary thumb. In addition, it can provide some guidelines to guide their surgical treatment (13).

The modified Wassel classification proposed by Tada et al. (6), which excludes the triphalangeal thumb from the Wassel classification and replaces the floating thumb with type VII, appears to be simpler and more accessible than the modification proposed by our system. Tonkin et al. also suggested that it may be preferable to describe the duplication by skeletal level (types I-VI), noting the presence of radial and/or ulnar thumb triphalangism when applicable (22). Although the modifications of the Wassel system by Tada et al. and Tonkin et al. are relatively simple and practical, they do not take into account the anatomical characteristics of the duplication, as the extra thumb may be attached to the main thumb by bone, joint, epiphysis, cartilage or soft tissue, which has implications for the choice of surgical treatment.

Our study showed that Wu et al.'s type A2 CTD is highly prevalent in boys with right-sided tendency, which is consistent with most previous reports. In particular, Hung et al. (n = 43), Patel et al. (n = 41), Chew et al. (n = 10), Hong et al. (n = 78), and Luangjarmekorn et al. (n = 45) reported a male-to-female ratio between 1.4–9.0 and 1 (4, 10, 11, 18, 20), whereas in our series (n = 680), the ratio was between 1. 7 and 1; in addition, these previous studies reported a right-to-left ratio between 1.0–1.4 and 1, while in our series the ratio was between 1.6 and 1. These discrepancies may be related to differences in ethnicity, sample size, environmental factors, level of medical care, environment and diet, and economic status (4, 11–13, 18, 19).

Of the 680 fingers included in our study, 436 (64.1%) were type IV and 244 (35.9%) were type VII according to the Wassel et al. system, while according to the Hung et al. system, type B CTD was the most common, followed by type D, type C, and type A. However, Hung et al. type B CTDs include Wu et al. type I, II and type III CTDs, which have different anatomical specificities and different patterns of deviation and therefore require different surgical management, and in our opinion represent distinct entities (3, 4, 13). The pathoanatomical characteristics of Hung et al. type D, in which the phalanges may be connected to the main finger by joint, cartilage, or epiphysis, and type A, in which the phalanges may be connected to the main finger by soft tissue, may also influence the choice of surgical treatment. For type A duplications, the surgical option is just excision of the supernumerary thumb and reconstruction of the thenar muscle without reconstruction of the collateral ligament and metacarpal osteotomy and periosteal ligament/sleeve reconstruction (4). For type D duplications, the surgical option is excision of the extra thumb, reconstruction of the collateral ligament, reconstruction of the thenar muscle or flexor or extensor tendon, osteotomy of the proximal phalanx or metacarpus, and reconstruction of the periosteal ligament/sleeve (16, 17, 20). And the Hung et al. system is based on both the development and deviation of the duplications, but not on the morphologic characteristics of the main thumb and can mislead surgeons and make it difficult to determine whether the surgical strategies should be excision of the supernumerary thumb and soft tissue alone or should include phalanx and metacarpal osteotomy (4). In addition, Horii et al. classified the CTD bifurcation at the MP joint level into 4 types based on the details of the bifurcation shape and the connection of the radial thumb to the ulnar components by either cartilage, joint, or fibrous tissue: (A) broad cartilaginous connection between the phalanges, (B) two separate phalanges, (C) cartilaginous connection to the metacarpal, and (D) fibrous connection to the joint capsule (23). However, the classification has relative utility in clinical decision making because, for example, Horii et al. type B CTDs include Wu et al. type I to IV CTDs, which have different anatomical characteristics and may require different surgical procedures.

In this study, we proposed a classification system based on radiographic analysis of the alignment of the IP and MP joints of the first thumb and their anatomy. All CTDs could be classified according to this system; in particular, the most frequent subtype was the one with only MP joint (type II; 72.6%), followed by the one with of both the IP and MP joints (type I; 11%), the one with radial deviation of the IP joint and ulnar deviation of the MP joint (type IV; 9.3%), and the one with ulnar deviation of both the IP and MP joints with hypertrophic epiphysis of the distal phalanx (type III; 7.1%). This finding is important because the alignment of the IP and MP joints of the main thumb and the duplication characteristics may influence the choice of surgical treatment. In addition, the size of the main thumb may also influence the choice of treatment. Dobyns et al. and Townsend et al. suggested that a main thumb nail width of at least 80% of the normal contralateral thumb is acceptable (24, 25). They also noted that a thumb girth that was one-third less or greater than the normal thumb resulted in a poor cosmetic outcome. Tonkin et al. and Baek et al. suggested a Bilhaut-Cloquet procedure when the preserved thumb is less than 70% and 67% of normal width, respectively (26, 27). We agree that the Bilhaut-Cloquet procedure should be performed to obtain a normal-sized thumb in patients with hypoplastic duplications of comparable size and less than 70% of the normal side. However, the procedure has limitations, such as the technical difficulty of joining all segments of a duplicated thumb, possible subsequent physeal growth arrest, joint stiffness, and nail plate deformity (15–17). In our series, we found that type IV, type I, and type II duplications in thumbs of comparable size could be treated with the Bilhaut-Cloquet procedure in 68.3%, 14.7%, and 4.3% of cases, respectively.

In cases of type I deformity, treatment usually involves excision of the accessory thumb and reconstruction of the collateral ligament and thenar muscle of the main thumb in 85.3% of patients (6, 7, 12). For certain CTDs with similarly sized hypoplastic duplications less than 70% of the normal side, the Bilhaut-Cloquet procedure can be performed. This involves reconstructing both the distal and proximal phalanges with soft tissue reconstruction and was applicable to 14.7% of patients.

For patients with type II deformity, surgical treatment involves excision of the extra thumb, reconstruction of soft tissues such as the collateral ligament and thenar muscle, and corrective osteotomy of the metacarpophalangeal joint if the soft tissue procedure alone does not result in a thumb without MP joint deviation (Figure 4b).

Luangjarmekorn et al. found that corrective osteotomy of the metacarpus is recommended for Wassel type IV thumbs with deviation of the MP joint exceeding 30° (19). However, Gao et al. propose that corrective osteotomy should be performed if the deviation exceeds 15° (17). The Hong et al. study demonstrated that when the preoperative deviation angle of the MP joint exceeds 10.8°, patients with correctable MP joint by intraoperative radial stress test may benefit from metacarpal osteotomy (18). However, the preoperative angle was not measured using a standard anteroposterior or posteroanterior thumb radiograph, and thus may not accurately reflect the true anatomical deviation. Therefore, further clinical research with larger sample sizes and longer follow-up of patients with type II CTDs should include a standard thumb radiograph before surgery to obtain a reliable indication for metacarpal osteotomy. For our patients, we recommend that soft tissue reconstruction is sufficient if the alignment of the metacarpus appears good on a standard thumb AP radiograph before surgery and if the MP joint can be corrected via an intraoperative radial stress test. In cases where the MP joint is uncorrectable by this method, metacarpal osteotomy should be performed. In addition, some patients with hypoplastic duplications of comparable size should be treated with the Bilhaut-Cloquet procedure necessitates tissue reconstruction, with or without nail bed reconstruction.

Surgical treatment for patients with type III deformity must take into account the complex pathoanatomy of the deformity, including bony deformity with ulnar deviation of the IP and MP joints, as well as abnormal location of the thenar muscle. The surgical procedure involves excision of the extra thumb, corrective osteotomy of the hypertrophic epiphysis of the distal phalanx, ligament/periosteal sleeve, and thenar muscle reconstruction, with indications for metacarpal osteotomy identical to that of type II. Surgery may be delayed until the thumb is large enough for osteotomy of the hypertrophic epiphysis (Figure 5a,b). In addition, Johnson et al. found that CTDs with a small interspace distance, close to the size of the non-duplicated thumb and with one phalanx much smaller than the other, ar more likely to share an epiphysis. On the other hand, the more divergent and distant the duplicated bones are, the more likely they are to have separate epiphyses, which helps the surgeon to more accurately predict the type of duplication, to predict the outcome, and to strengthen the preoperative plan (28).

For patients with type IV deformity characterized by complex pathoanatomy, including bony deformity resulting in ulnar deviation of both IP and MP joints, abnormal location of tendons and thenar muscle, and hypoplastic duplications of comparable size in most patients (68.3%), the Bilhaut-Cloquet procedure (Figure 6a,b) is the optimal choice (14–17). Some patients (31.7%) without hypoplastic duplications of comparable size or rejection of the Bilhaut-Cloquet procedure may benefit from excising the extra thumb and then undergoing reconstruction of the ulnar collateral ligament of the IP, radial collateral ligament of the MP, thenar muscle, and flexor tendon (Figure 6c) (20). Moreover, few patients, particularly older children, may require corrective osteotomy of the phalanx or metacarpus, as well as ligament/periosteal sleeve reconstruction, if the IP or MP joint cannot be corrected during an intraoperative ulnar or radial stress test. Most patients who are candidates for the Bilhaut-Cloquet procedure tend to have poor function of the interphalangeal joint prior to surgery, and a postoperative range of motion of 10°–30° has been reported in previous studies to be sufficient for daily activities; we believe that appearance is at least as important as function in these patients (14, 16).

The study has some limitations. Although the new classification system has some potential advantages over previously published systems, it has not yet been evaluated for surgical treatment guidance because the Wassel-Flatt classification remains the universally accepted method for categorizing the pathoanatomy of thumb polydactyly and guiding surgical procedures. In addition, the current study was designed to evaluate the radiographic anatomy of the deformity rather than the outcomes of specific surgical procedures. Furthermore, only 9% of patients had their extra thumb removed and reconstructed with a procedure other than the one we propose, such as the Bilhaut-Cloquet procedure and corrective osteotomy of the hypertrophic epiphysis of the distal phalanx or metacarpus. Although the current study is descriptive and retrospective, it includes a relatively large number of patients with Wu et al. type A2 CTD, covering all subtypes. It is also important to note that the Wu et al. classification is a radiographic system, similar to the Wassel-Flatt classification in this respect, but more comprehensive and complex. Whether the new system will prove to have practical implications for the surgical treatment of Wu et al. type A2 CTD subtypes remains to be determined.

Therefore, additional clinical studies with large sample sizes and long-term follow-up of patients treated with different procedures are needed to verify their dependability and practicality.



Conclusion

The proposed system is based on radiographic pathoanatomy and complements the one created by Wu et al. It has the potential to improve communication among professionals. However, more research is needed to establish how to use classification to guide surgery for children with Wu et al.'s type A2 CTD. Our results are preliminary, so while the proposed system has the potential to benefit surgical strategy, further investigation is necessary.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving humans were approved by Institutional Review Board of GuangZhou Women and Children's Medical Center. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

JW: Writing – original draft. SL: Writing – original draft. YL: Writing – original draft. FX: Data curation, Writing – review & editing. HZ: Data curation, Writing – original draft. CL: Investigation, Writing – review & editing. YL: Project administration, Writing – original draft. XZ: Software, Writing – review & editing. HL: Conceptualization, Writing – original draft. ZT: Methodology, Writing – review & editing. LS: Investigation, Writing – original draft. JL: Formal Analysis, Methodology, Writing – review & editing. YL: Formal Analysis, Project administration, Writing – original draft. FC: Writing – original draft, Writing – review & editing. HX: Writing – review & editing. YL: Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by funding from Guangzhou Municipal Health and Family Planning Commision (20231A011039) and Basic and Applied Basic Research Foundation of Guangdong Province (2023A1515220214).



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.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.



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.



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. Lin SY, Tong K, Zhang GL, Gao SL, Zhong ZY, Wang G. Clinical characteristics and distribution of thumb polydactyly in south China: a retrospective analysis of 483 hands. J Hand Surg. (2020) 45:938–46. doi: 10.1016/j.jhsa.2020.04.003

3. Wassel HD. The results of surgery for polydactyly of the thumb. Clin Orthop. (1969) 64:175–93.4894526

4. Hung L, Cheng JC, Bundoc R, Leung P. Thumb duplication at the metacarpophalangeal joint: management and a new classification. Clin Orthop Relat Res. (1996) 323:31–41. doi: 10.1097/00003086-199602000-00005

5. Kim JK, Al-Dhafer BAA, Shin YH, Joo HS. Polydactyly of the thumb: a modification of the Wassel-Flatt classification. J Hand Surg Eur. (2021) 46:346–51. 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. J Bone Joint Surg. (1983) 65(5):584–98. doi: 10.2106/00004623-198365050-00002

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

8. Yao YL, Zhou HL, Li LY, Nan GX. Epidemiological statistics of congenital thumb duplication in the Chinese population. J Orthop Surg Res. (2021) 16:1–5. doi: 10.1186/s13018-021-02567-3

9. Wu JP, Shi WZ, Zhao H, Li JC, Li YQ, Hong K, et al. Radiographic features of congenital thumb duplication type C2 of Wu et al. Classification: new subtypes and surgical strategies. Front Pediatr. (2024) 11:1286662. doi: 10.3389/fped.2023.1286662

10. Patel AU, Tonkin MA, Smith BJ, Alshehri AH, Lawson RD. Factors affecting surgical results of Wassel type IV thumb duplications. J Hand Surg Eur. (2014) 39:934–43. doi: 10.1177/1753193413514650

11. Chew EM, Yong FC, Teoh LC. The oblique wedge osteotomy of the metacarpal condyle for reconstructing Wassel type IV thumb duplicationin older children and adults. J Hand Surg Eur. (2010) 35:669–75. doi: 10.1177/1753193410373686

12. Dautel G, Perrin P. Use of an axial flap to increase the girth of Wassel IV thumb reconstructions. J Hand Surg. (2015) 40:1327–32. doi: 10.1016/j.jhsa.2015.02.032

13. 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. (2024) 49(3):275.e1–e8. doi: 10.1016/j.jhsa.2022.06.001

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

15. 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:e1589. doi: 10.1097/GOX.0000000000001589

16. Du ZJ, Cui Y, Jiang H, Han D. Aesthetic outcomes of and anatomic reconstruction for Wassel type IV-D radial polydactyly using a modified Bilhaut-Cloquet procedure. Front Pediatr. (2023) 11:1192168. doi: 10.3389/fped.2023.1192168

17. Gao WY, Ding J, Wang AY. Modified Bilhaut-Cloquet procedure: meticulous nail plasty, bone reconstruction and radial side incision. Chin J Orthop. (2016) 36:1033–43. doi: 10.3760/cma.j.issn.0253-2352.2016.16.004

18. Hong SW, Kim J, Oh S, Lee MH, Baek GH. When is primary metacarpal corrective osteotomy recommended in patients with Flatt type IV radial polydactyly? Plast Reconstr Surg. (2021) 147:399–408. doi: 10.1097/PRS.0000000000007526

19. Luangjarmekorn P, Virojanawat N, Pongpacharaamphon P, Kitidumrongsook P. Preoperative angulation as a predictor for operations of Wassel type IV polydactyly. J Pediatr Orthop B. (2021) 30:605–10. doi: 10.1097/BPB.0000000000000806

20. Xu YL, Shen KY, Chen J, Wang ZG. Flexor pollicis longus rebalancing: a modified technique for Wassel IV-D thumb duplication. J Hand Surg. (2014) 39:75–82.e1. doi: 10.1016/j.jhsa.2013.10.003

21. Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J Chiropr Med. (2016) 15(2):155–63. doi: 10.1016/j.jcm.2016.02.012

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

23. Horii E, Nakamura R, Sakuma M, Miura T. Duplicated thumb bifurcation at the metacarpophalangeal joint level: factors affecting surgical outcome. J Hand Surg. (1997) 22(4):671–9. doi: 10.1016/S0363-5023(97)80127-X

24. Dobyns JH, Lipscomb PR, Cooney WP. Management of thumb duplication. Clin Orthop Relat Res. (1985) 195:26–44. doi: 10.1097/00003086-198505000-00004

25. Townsend DJ, Lipp Jr EB, Chun K, Reinker K, Tuch B. Thumb duplication, 66 years’ experience-a review of surgical complications. J Hand Surg. (1994) 19:973–6. doi: 10.1016/0363-5023(94)90099-X

26. Tonkin MA, Bulstrode NW. The Bilhaut-Cloquet procedure for Wassel types III, IV and VII thumb duplication. J Hand Surg. (2007) 32:684–93. doi: 10.1016/J.JHSE.2007.05.021

27. 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. (2008) 90:74–86. doi: 10.2106/JBJS.G.01104

28. Johnson MH, Melvani RT, Patel NN, Cheng CJ, Hutchison RL. Radiographic indicators of a shared epiphysis in radial polydactyly. HAND. (2014) 9(3):329–34. doi: 10.1007/s11552-013-9593-7



OPS/images/fped-13-1536872-t002.jpg
IP alignment Deviation level
Characteristics

Wu et al P1 MP
classification)
Hung et al. system - E g 2
64 (173) 287 (778) | 18 (49) | 369 (84.)
- 15 (100) - 15 (3.4)
- 52(100) | 52 (1.9
Total 64 (147) | - | 302 (693) | 70 (160) 436
chi-squared 232.903
p value <0001
W et al. system 75 (100)

Z 75 (11.0)
- 494 (726)
48 (100) | 48 (7.1)
- - 63 (100) | 63(9.3)
Total 75 (110) 494 (727) | 111(163) | 680
chi-squared 1,360.000
p value <0001

494 (100)

IP, interphalangeal; MP, metacarpophalangeal.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Radiographic features of Wu et al. type A2 congenital thumb duplication and implications for management: new subtypes and surgical strategies

		Introduction



		Materials and methods



		Radiological assessment



		Wu et al. A2 CTD subclassification system



		Surgical strategies



		Statistical analysis











		Results



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/cover.jpg
?frontiers ‘ Frontiers in Pediatrics

Radiographic features of Wu et al.
type A2 congenital thumb
duplication and implications for
management: new subtypes and
surgical strategies





OPS/images/fped-13-1536872-t001.jpg
Characteristics Laterality Hypoplastic Surgical

n, % duplications of procedures

comparable size

Female Right No Yes

Hung et al. system A - - - - - - - -
B 217 (588) 152 (412) 218 (59.1) 151 (409) 351 (95.1) 18 (49) ER: 353 CO: 16 369 (70.0)
c 8 (533) 7 (46.7) 10 (66.7) 5(333) 9 (60.0) 6 (40.0) ER: 15 15 (34)
D 37 (712) 15 (2838) 29 (55.8) 23 (442) 19 (365) 33 (63.5) ER: 50 CO: 2 52 (11.9)

Total 262 (60.1) 174 (39.9) 257 (58.9) 159 (41.1) 379 (86.9) 57 (13.1) - 436

chi-squared 3193 0589 106.457 -

p value 0203 0745 <0.001 - -

Wau et al. system 1 40 (53.3) 35 (46.7) 47 (62.7) 28 (37.3) 64 (85.3) 11 (147) ER: 75 75 (11.0)
1 313 (63.4) 181 (36.6) 301 (60.9) 193 (39.1) 473 (95.7) 21 (43) ER: 465 CO: 29 494 (72.6)
m 28 (58.3) 20 (41.7) 36 (75.0) 12 (25.0) 48 (100) 0 (0) ER: 44 CO: 4 48 (7.1)
v 45 (714) 18 (28.6) 37 (58.7) 26 (413) 20 (317) 43 (68.3) ER: 61 CO: 2 63 (9.3)

Total 426 (62.6) 254 (37.4) 421 (61.9) 259 (38.1) 605 (89.0) 75 (11.0) - 680

chi-squared 5345 3.977 240328

p value 0148 0264 <0.001 -

ER, Simple excision and soft tissue reconstruction; CO, Corrective osteotom

i il it prosedita.









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-13-1536872-g001.jpg





OPS/images/fped-13-1536872-g002.jpg
P w1

e W,
a
QUyBA_ 3
<

N
SN

0,

Lo =
Qﬂgnua B

e 2
arnC W &
ot
QAN =

e (P
AN =

e wk
e
ek
S

Qggyc 3
éﬂyc 8

<A @
Nzﬂaﬂa G






OPS/images/fped-13-1536872-g003.jpg





OPS/images/fped-13-1536872-g004.jpg





OPS/images/fped-13-1536872-g005.jpg





OPS/images/fped-13-1536872-g006.jpg





