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Abstract: The most common congenital defect of the hand is syndactyly. This is caused by incomplete separation of 

the fingers during limb development. In this article, we discuss the embryological basis, risk variables, and classification 

methods that guide surgical decision-making. The aim of reconstructive surgery is to produce a functional, aesthetic, and 

independent web space without any sequelae such as scar contracture or digital necrosis. We discuss indications for 

intervention, including timing of surgery according to the type of syndactyly and associated disorders. Current surgical 

techniques involve full-thickness skin grafts, dorsal advancement flaps, and a modified dorsal pentagonal flap. 

Keywords: Congenital Hand Anomaly, Syndactyly, Reconstructive Surgery, Pediatric Hand Surgery, Web Space 

Reconstruction. 

 

INTRODUCTION 
Syndactyly is the most common congenital anomaly of the upper limb and accounts for 10%–28% of all congenital 

hand deformities, with an estimated incidence of 1 in 2,000–1 in 2,500 live births [1]. This condition is characterized by 

incomplete or failed differentiation of the digital rays during limb morphogenesis, resulting in abnormal interdigital fusion 

that may involve only the skin and soft tissues (simple syndactyly) or extend to osseous structures (complex syndactyly) 

and, in some cases, include accessory phalanges or anomalous nails (complicated syndactyly) [2]. There is a significant 

male preponderance with a male-to-female ratio of approximately 2:1. Bilateral disease occurs in about half of the patients 

and is often asymmetric [3]. 

 

CASE REPORT 
An 18-month-old child presented to the pediatric hand clinic with a fused ring and middle finger on his left hand. 

The infant was born at term, and there was no family history of congenital malformations. On examination there was 

webbing of the ring and middle fingers extending beyond the distal interphalangeal joint, without synonychia. No 

shortening of the affected digits was noted, and range of motion at metacarpophalangeal, proximal, and distal 

interphalangeal joints was intact. General examination did not reveal any syndromic symptoms. Examination of feet and 

contralateral hand was unremarkable. The kid had surgical release for simple incomplete syndactyly. A modified Flatt 

approach was employed with the reconstruction of the webspace with interdigitating zigzag flaps and a dorsal hourglass 

flap. 

 

EMBRIOLOGY 

The upper limb buds appear 26-27 days after fertilization, and the lower limb buds appear 28-30 days after 

fertilization. Fingers on the upper limb separate at 41-43 days and are completely separate by 52-53 days. The mesenchymal 

core of the limb bud is surrounded by the ectoderm. The genetic control of limb bud development and differentiation is 
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complicated. Three directions of development are specialized signal centers. The proximal-distal outgrowth needs the 

apical ectodermal ridge (AER). Experimental removal of the AER decreases growth [4]. The progress zone is the 

mesodermal cells beneath the apical ectodermal ridge that receive signals to produce certain cell types for certain tissues 

in certain locations in the limb. The mesodermal cells of the postaxial zone of polarizing activity in the developing limb 

control the anteroposterior or radioulnar axis. This region suppresses the growth of the thumb and encourages the growth 

of the ulnar digit. Cell translocation from the polarizing zone to the preaxial or radial limb diminishes thumb development. 

The third signaling center regulates the dorsal ectoderm cells that determine the dorsal-ventral properties of the limb. 

Transplanting dorsal ectoderm to the ventral side of the limb bud results in the formation of dorsal limb structures on both 

sides [5]. The three signaling centers talk to each other by releasing specific morphogens. These morphogens influence the 

growth of the limb via chemical pathways. Engrailed 1 and Lmx-1b cooperate with the sonic hedgehog protein (SHH), 

fibroblast growth factors (FGFs), and Wnt-7a to pattern the dorsal and ventral and to modify the apical ectodermal ridge. 

The myelin cells die through a process known as apoptosis. By 8 weeks, digital separation is almost complete, and 

ossification centers for the phalanges are beginning to form. 23 Members of the BMP family may be involved in apoptosis. 

To kill cells, the AER has to secrete proteins, fibroblast growth factors, and members of the homeobox (Hox) gene family 

[6]. And when the AER is cut out, the process is complete. BMP-4 is released in the interdigital mesenchyme and joint 

primordium when the distal digits separate. The digits in the embryo are completely separated from one another, and BMP-

4 expression is found only in the areas where joints are forming. Syndactyly is induced by low doses of BMP-4, which 

block apoptosis in the mesodermal tissue between the digits. It is correlated with the width of the limb bud, which is 

determined by the length of the basal ectodermal ridge. Changes in BMP-4 reduction and SHH expression can trigger 

polydactyly [7]. 

 

SINDACTYLY AND SWANSON CLASSIFICATION 

The Swanson classification was developed by Dr. Adrian Swanson and was adopted by the International 

Federation of Societies for Surgery of the Hand (IFSSH) [8]. This classification system is the most accepted system for the 

classification of congenital upper limb anomalies. This classification is based on the concept of embryologic failure, 

classifying anomalies according to the developmental process that has been disturbed and not only on the anatomical 

appearance. Simple syndactyly is limited to soft tissue, while complex syndactyly involves fused bones (synostosis) 

between two or more fingers. Incomplete syndactyly refers to fusion at the distal phalanx, and complete syndactyly involves 

fusion to the proximal phalanx. Complicated syndactyly is the presence of bone growth between two digital rays (hidden 

polydactyly) and acrosyndactyly is when the distal phalanges have a proximal webspace [9]. 

 

SURGICAL TREATMENT 

A clinical exam can tell you how much the fingers are involved. A clinical examination can distinguish between 

simple, complex, and complicated syndactyly. Active range of motion is present in the interphalangeal joints with well-

defined flexion and extension creases suggestive of normal joint architecture and simple syndactyly. In the absence of 

flexion and extension creases and immobility of the joints, complex or complicated syndactyly should be suspected. The 

clinical diagnosis of synostosis is the immobility of the distal phalanges and the fusion of the nails, seen in Poland 

syndrome, Apert syndrome, amniotic band syndrome [10]. 

 

A plain X-ray examination of the affected hand is important in detecting synostoses, occult polydactylies, and 

other skeletal deformities, particularly in complex syndactylies. Treatment of syndactyly requires good preoperative 

planning and careful discussion of the risks and benefits with the family. In patients with irregular finger size, syndactyly 

release should be performed at 3 to 6 months of age only when there is deviation due to growth. 

 

Alternatively, it may be postponed until the age of 1 to 2 years. Web spaces that are adjacent to each other in the 

same environment should not be disseminated to avoid vascular compromise. A simple longitudinal separation creates a 

lot of scar tissue that can interfere with growth and cause joint contractures and deformities. Zigzag closures have therefore 

been recommended as a means of minimizing longitudinal scarring. A commissure should be created with supple dorsal 

skin flaps to avoid grafts in this area to prevent web spread and scarring. Moreover, thumb-index syndactyly separation is 

more difficult than finger syndactyly separation. For moderate narrowing, a 2- or 4-flap z-plasty should be done, or a dorsal 

rotational advancement flap for isolated complete syndactyly [11]. 

 

 
Figure 1: Sindactyly Classification 
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Figure 2: Ring and Middle Finger Sindactyly, Right Hand. 

 

 
Figure 3: Simple and Complete Sindactyly 

 

 
Figure 4: Preoperative marking 

 

 
Figure 5: Volar View, Result after surgery 
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Figure 6: Palmar View, immediate outcome 

 

DISCUSSION 
Syndactyly is a common but relatively complex congenital hand defect. In the Swanson/IFSSH system, syndactyly 

is classified as Group II (failure of differentiation) [12]. This case supports some basic ideas presented in the literature. 

Timing of surgery is important; when the border digits (thumb-index or ring-little) are involved, the release must be 

performed between six and twelve months of age to prevent progressive rotational deformity and differences in growth. 

Intervention at 12-18 months is safe and effective in core web spaces. This reduces anesthetic risk and prevents functional 

adaptation. Choice of surgical technique directly influences results. The dorsal rectangular flap (Flatt) in combination with 

full-thickness skin grafts (FTSG) is still the gold standard [13]. The technique provides even, durable coverage of the web 

and reduces scar contracture. Comparative studies indicate that the results of full-thickness skin grafts (FTSG) from the 

groin or hypothenar eminence are better than split-thickness grafts, with less web creep and better cosmetic results [14]. 

Graftless procedures such as the dorsal pentagonal flap may be suitable for partial, simple syndactyly but require greater 

flap mobility and are not suitable for complex or complete syndactyly. Complications such as web creep (>2 mm distal 

migration), digital angulation, or neurovascular injury occur in 10 to 15% of cases [15]. Prevention involves a precise 

methodology: extensive defatting of the skin, zigzag incisions to avoid linear scarring, and tension-free application of the 

graft16. Postoperative splinting and scar massage are equally important. 

 

CONCLUSION 
Syndactyly is a congenital hand malformation caused by failure of interdigital apoptosis during embryogenesis. 

Accurate classification using the Swanson/IFSSH system is important for appropriate management and helps to guide the 

timing and technique of reconstructive surgery. 

 

REFERENCES 
1. Al-Qattan, M. M. (2014). Formation of normal interdigital web spaces in the hand revisited: implications for the 

pathogenesis of syndactyly in humans and experimental animals. The Journal of Hand Surgery, European 

Volume, 39(5), 491–498. https://doi.org/10.1177/1753193413491931 

2. Bielski, R. J. (2012). Pediatric hand and upper limb surgery: A practical guide. The Journal of the American Medical 

Association, 308(2), 189. https://doi.org/10.1001/jama.308.2.189-b 

3. Hinkley, J. R., & Fallahi, A.-K. M. (2025). Syndactyly. StatPearls Publishing, Treasure Island. 

4. Kozin, S. H., & Zlotolow, D. A. (2015). Common pediatric congenital conditions of the Hand. Plastic and 

Reconstructive Surgery, 136(2), 241e–257e. https://doi.org/10.1097/PRS.0000000000001499 

5. Kvernmo, H. D., & Haugstvedt, J.-R. (2013). Treatment of congenital syndactyly of the fingers. Tidsskrift for Den 

Norske Laegeforening: Tidsskrift for Praktisk Medicin, Ny Raekke, 133(15), 1591–1595. 

https://doi.org/10.4045/tidsskr.13.0147 

6. Lam, W., Goldfarb, C., Huelsemann, W., McCombe, D., & Wall, L. (2025). IFSSH scientific Committee on Congenital 

Hand conditions. The Journal of Hand Surgery, European Volume, 50(3), 308–317. 

https://doi.org/10.1177/17531934241309467 

7. Mahindroo, S., & Tabaie, S. (2023). Syndactyly in the pediatric population: A review of the literature. Cureus, 15(3), 

e36118. https://doi.org/10.7759/cureus.36118 

8. McCombe, D., Wall, L., Goldfarb, C., Hülsemann, W., Sletten, I. N., Wilks, D., Horwitz, M. D., & Lam, W. L. (2026). 

Congenital upper limb difference patient registries: characteristics, comparisons and recommendations. The Journal 

of Hand Surgery, European Volume, 51(1), 111–118. https://doi.org/10.1177/17531934251348360 

9. Mende, K., Watson, A., & Stewart, D. A. (2020). Surgical treatment and outcomes of syndactyly: A systematic 

review. The Journal of Hand Surgery Asian-Pacific Volume, 25(1), 1–12. 

https://doi.org/10.1142/S2424835520300017 

10. Miyamoto, J., Nagasao, T., & Miyamoto, S. (2010). Biomechanical analysis of surgical correction of 

syndactyly. Plastic and Reconstructive Surgery, 125(3), 963–968. https://doi.org/10.1097/PRS.0b013e3181cb6743 

http://www.sarpublication.com/


 

Parra Enciso, R. P.  et al; South Asian Res J Med Sci; Vol-8, Iss-5 (Sep-Oct, 2026): 177-181 

© South Asian Research Publication, Bangladesh            Journal Homepage: www.sarpublication.com  181 

 

11. Papadakis, M., Manios, A., & Trompoukis, C. (2019). Surgical treatment of polydactyly and syndactyly during the 4th 

century AD. Acta Chirurgica Belgica, 119(1), 64–65. https://doi.org/10.1080/00015458.2018.1534392 

12. Schirlo, J. M., Saad Cleto, A., Beltrame, D., Beltrame, M., Scortegagna, T., & Marinelli Martins, C. (2025). 

Comparison between surgical techniques for correction of congenital syndactyly: A systematic review and meta 

analysis. Hand (New York, N.Y.), 20(4), 523–532. https://doi.org/10.1177/15589447241279456 

13. Szymkiewicz, S. (2025). Surgical correction of simple cutaneous syndactyly of the third and fourth fingers in a three-

year-old girl: A case report. Cureus, 17(9), e91455. https://doi.org/10.7759/cureus.91455 

14. Vekris, M. D., Lykissas, M. G., Soucacos, P. N., Korompilias, A. V., & Beris, A. E. (2010). Congenital syndactyly: 

outcome of surgical treatment in 131 webs. Techniques in Hand & Upper Extremity Surgery, 14(1), 2–7. 

https://doi.org/10.1097/BTH.0b013e3181c660f3 

15. Yamashita, K., Yotsuyanagi, T., Yamauchi, M., Sugai, A., Gonda, A., & Kato, S. (2016). Subcutaneous pedicle V-Y 

flap for release of incomplete congenital syndac- tyly. J Plast Reconstr Aesthet Surg, 69, 186–191. 

16. Yao, J. M., Shong, J. L., Sun, H., Xu, J. H., & Ye, P. (1997). Repair of incomplete simple syndactyly by a web flap 

on a subcutaneous tissue pedicle. Plastic and Reconstructive Surgery, 99(7), 2079–2081. 

https://doi.org/10.1097/00006534-199706000-00044. 

http://www.sarpublication.com/

