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Abstract

Background: Syndactyly is one of the most common hereditary limb malformations. Yet, epidemiological
data in our state is not reported. The current study aims to understand the Connexin-43 expression in such
patients.

Methodology: A retrospective cohort study was done in the Department of Plastic surgery and Anatomy of
All India Institute of Medical Sciences (AIIMS), Bhubaneswar. The study duration was three years, between
2019 and 2022. The total number of cases was 49 and included patients diagnosed with Syndactyly seeking
surgical intervention. The demographic details and the personal and disease history were collected,
analyzed, and interpreted. Immunohistochemistry study using Connexin-43.

Results: Out of the 49 patients, 26 (53.1%) were male, and 23 (46.9%) were female. Thirty nine (79.6%) had
syndactyly, and 10 (20.4%) were diagnosed with syndactyly associated with another syndrome. Both
complete and incomplete syndactyly was found. Strong membranous positivity of Connexin-43 was found in
the keratinocytes of the stratum spinosum layer of the epidermis, while the stratum granulosum and
stratum basale layer revealed negative staining.

Conclusions: Syndactyly is mostly non-familial, sporadic with male preponderance affecting unilaterally and
in incomplete form in our geographical location. We found an overt expression of Connexin-43 in these
patients' stratum basale.
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Introduction

Syndactyly is one of the most common hereditary limb malformations depicting a prevalence of 3-10 per
10,000 births and a higher prevalence of one per 2,000 or 3,000 live births. Syndactyly originating from the
Greek words (Syn meaning together and Dactylos meaning digits) is a digital malformation of the digits in
which adjacent fingers of hands and/or toes are webbed in appearance [1,2]. Due to high phenotypic
variation and genetic diversity, a single reason cannot be attributed to the occurrence of syndactyly [2].
Earlier, it was considered that syndactyly could be only congenital [3], but, with the evolution of molecular
studies on embryology and morphogenesis, it has been found that syndactyly can be primary when the
defect occurs in-utero, or it can be secondary, where adhesion between adjacent raw surfaces which were not
previously joined might happen [1]. Primary syndactyly may be De-novo or due to mutations, whereas
secondary is generally due to defects in healing or reconstructions [4].

Primary syndactyly cases show autosomal dominant inheritance. Heterogeneous mutations of the HOXD13
gene have been found to be associated with syndactyly [5]. Penetrance is variable but can be prominent for
over seven generations, with more severe expansions causing widespread involvement of digits [6].
Connexin-43 (Cx43), a gap junction protein, maintains gap junction intercellular communication, and this,
in turn, regulates osteoblast formation, differentiation, survival, and apoptosis and mediates web space
formation. Any defect in this protein signaling can lead to a defect in the development of digits [7].
Although connexin's exact role in skin development is not well known, a mutation in Cx43 results in some
skin disorders, emphasizing that Cx43 is essential for normal skin development [8]. The current study aims
to understand the role of Cx43 expression in skin development along with the epidemiological patterns of
syndactyly.

Materials And Methods

Methods
Study Design
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It was a retrospective cohort study.
Study Setting

Department of Burns and Plastic surgery and Anatomy of All India Institute of Medical Sciences (AIIMS)
Bhubaneswar.

Study Duration
The time period was between November 2019 and May 2022.
Study Participant

Forty-nine patients were included with the diagnosis of syndactyly seeking surgical intervention and
included all age groups and gender. The sampling technique was convenient sampling.

Sample Collection

The demographic details and the personal and disease history were collected, and entry was made into an
excel sheet (Microsoft Windows 10 version) after taking proper consent from the ethical committee. The
clinical data recorded were the digits involved, the level of web involvement, measurements of fingers, and
the appearance of the fingernails. The cranium, face, torso, and lower extremities were examined for any
other congenital anomaly. The type of surgery done for the patients was also recorded. The resected skin
sample (minimum length and thickness were 2 cm) obtained during corrective surgery which was collected
and stored in normal buffer formalin was used for the THC study. The samples were subjected to a biopsy,
hematoxylin & eosin (H&E) staining immunohistochemistry (IHC) study for expressing Cx43 in the anatomy
department. Excised skin from five patients undergoing procedures, other than syndactyly, acted as a control
for our cases and were also studied for H&E and the same IHC marker. The expression in the keratinocytes
was analyzed according to the intensity and location of the staining using the Applied Spectral Imaging
Software of the Olympus BX63 microscope.

Statistical analysis

The data were subjected to statistical analysis using Statistical Package for Social Sciences (SPSS) 26 (IBM
Corp., Armonk, NY) and the result was generated using mean standard deviation. The difference in mean
between the two groups was assessed by independent sample t-test or Mann-Whitney U test. Pearson's or
Spearman's correlation coefficients determined the correlation between two quantitative variables. The
normality of the variables was checked using the Kolmogorov-Smirnov test. A P-value less than 0.05 was
considered statistically significant.

IHC Interpretation

The IHC scoring was done per the software guidelines of the applied spectral imaging (ASI) platform of the
Olympus BX 63 intelligent microscope.

Ethical Clearance

Institutional ethical approval was taken from AIIMS Bhubaneswar for the study (T/IM-NF/Anatomy/19/25).

Results
Epidemiology

Among the total 49 patients, there were 26 (53%) male and 23 (47%) female patients. Forty four (90%) had
no family history of syndactyly. A majority belonged to the age group <10 years, with 80% having isolated
syndactyly (not associated with syndromes). Twenty seven (55.1%) of patients had unilateral involvement
and an incomplete syndactyly pattern. 61.2 % were treated with only a simple release that required a split
skin graft split-thickness skin graft (SSG), 17 (34.8%) with a release (straight cut of web spaces and defect
created) + full thickness split graft (FTSG), and one (2%) had a release (straight cut of web spaces and defect
created) + K-wire fixation and Release (straight cut of web spaces and defect created) + Flap (local square
flap) shown in Figures /a-Ic.
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FIGURE 1: Images showing (a) planning and release of second web
space complete syndactyly and 4th webspace incomplete syndactyly.
(b) X-ray showing fusion of third and fourth distal phalanx in syndactyly.
(c) Intraoperative after separation of digits. (d) Postoperative follow-up

case.

More than half of the patients, 27 (55.1%), had unilateral, and 22 (44.9%) had bilateral. The details of the
demography are shown in Table 1.
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Variables

Age in years

Sex

Family History

Type of syndactyly

Dexterity

Pattern of syndactyly

Web space involvement

Type of surgical procedure

Frequency (n) Percentage (%)

0-10 31 63.3
11-20 12 245
21-30 3 6.1
>30 3 6.1
Male 26 53.1
Female 23 46.9
Yes 5 10.2
No 44 89.8
Syndactyly 39 79.6
Syndactyly associated with a syndrome 10 20.4
Unilateral 27 55.1
Bilateral 22 44.9
Complete 22 44.9
Incomplete 27 55.1
1 1 2

2 5 10.2
3 15 30.6
4 3 6.2
Multiple 25 51
Release + SSG 30 61.2
Release + FTSG 17 34.8
Release + K-WIRE FIXATION 1 2
Release + FLAP 1 2

TABLE 1: Epidemiological data of the patients with syndactyly

Statistical analysis using the Chi-square test between dexterity and the association of syndrome was 6.19 (p-
value = 0.013). Similarly, the Chi-square value for the pattern and association of the syndrome was 10.3 (p-
value = 0.001).

Histopathology

The sections from the lesion of syndactyly showed hyperkeratosis, orthokeratosis, irregular acanthosis, and
elongated rete ridges. Appendageal structures are not seen in any of the biopsies. Subcutis seems normal.

IHC interpretation of Cx43 in syndactyly lesion

All five control samples showed strong membranous positivity for Cx43 in the stratum basale of the
epidermis and only mild/focal positivity in the stratum spinosum layer of the epidermis. The keratinocytes
in the stratum granulosum layer were interpreted as negative. However, the syndactyly cases showed strong
membranous positivity in the keratinocytes of the stratum spinosum layer of the epidermis, while the
stratum granulosum and stratum basale layer revealed negative staining.

The expression of positivity was shown by color coding of blue, green, orange, and red. The highly expressive
cells were denoted by red color (Grade +3), the moderate expression was denoted by orange followed by
green (Grade 1-2), and the negative expression was denoted by blue (Grade 0). This is illustrated in Figures
2a, 2b, 3a, 3b.
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FIGURE 2: Microscopic picture of a control showing positivity in the
keratinocytes of stratum spinosum layer of the epidermis, while stratum
granulosum and stratum basale layer revealed a negative staining in
raw image (a) and software-processed image (b).
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FIGURE 3: Macroscopic picture of a control showing- strong positivity
for Cx43 in the stratum basale of the epidermis in raw image (a).
Software-processed image of control showing the highly expressive
cells are denoted by red color comprising of 13.4%. The moderate
expression was denoted by orange followed by green comprising of
49.7% and 35.3%, respectively (b).

Discussion

There are varying reports of global syndactyly incidence in the literature, and in the present study, the
majority of cases had isolated syndactyly with male preponderance. An average of 5.4% of patients get
syndactyly surgery in New York, and the surgery takes place at an early age, with few needing skin grafting
[9]. In the present study, too, the most common age of presentation was early. Symptoms presented within 0-
10 years of age. In most studies, surgical release is the recommended treatment for syndactyly, and re-
operation was also required in many cases [10-12]. In our country, the rates of surgery could not be compared
to other populations due to a paucity of studies. However, all the patients who were included in this study
were managed surgically involving release with SSG, Release with FTSG, Release with K-Wire Fixation, and
Release with Flap.

In the present study, most patients had no family history of syndactyly, pointing towards its sporadic nature.
This justifies the theory that even if no genetic predisposition exists, the environmental factors in-utero
might predispose the fetus to syndactyly and other congenital hand abnormalities [13]. Syndactyly is
documented to be autosomal dominant with variable expression and penetrance. It is found to have reduced
penetrance in the females, thus having more male dominance (53.1%). Though in many studies, syndactyly
has been found to be associated with multiple syndromes [13], the present study had normal karyotypes.
Unilateral and incomplete syndactyly dominated our findings with 55.1% of the cases, and most (51%) had
multiple web spaces involved.

The Connexin family has six types, which play an essential role in forming gap junctions allowing passage of
small molecules and ions, and Cx43 is expressed in the developing limb bud with the patterning of digits
and cartilage condensation [14]. The Cx43 gene has been determined in the human chromosome 6 sequence.
In mouse embryogenesis, Cx43 is linked at the blastocyst stage and involved in various aspects of
organogenesis. Thus, its altered expression has been associated with developmental anomalies involving the
branchial arches, optic vesicles, neural crest defects, and sclerotomes. In humans, their expression has not
been extensively studied. A mutation in the Cx43 has been reported in oculodentodigital dysplasia in
humans by Van Es et al. [15]. Recently, Zhang et al. have found Cx43 to be ubiquitously expressed in the skin
by all types of skin cells, such as keratinocytes, fibroblasts, endothelial and basal cells, melanocytes and
dermal papilla cells. Some evidence suggests that Cx43 plays a vital role in skin repair, development, and
tumor and metastasis [16]. Their study in syndactyly has not been previously investigated. We also found a
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strong positive result for the protein expression in the stratum spinosum layer of the normal skin (control in
our study), which was very mild in intensity, in concordance with a study by Richard [17]. We also observed a
strong continuous expression of the protein Cx43 in the epidermis stratum basale in our all-control samples,
unlike the study by Richard [17], as they found a patchy distribution of the protein in the stratum basale. In
the present study, the lesioned skin of syndactyly showed a strong expression of Cx43 in the stratum
spinosum, while negative expression is observed in the stratum granulosum and stratum basale.

Our observations are novel but may need more extensive similar studies to support the involvement of the
Gap-junction protein, Cx43, in syndactyly. We also acknowledge that our control sample was small due to
difficulty getting normal excised skin. We also have not done karyotyping in our study. Nevertheless, it
opens a new horizon for future investigation in this direction.

The limitation of the study is that it is not a representative study of the entire geographical area. The study
when including different ethnic groups and in larger sample size can give a more accurate

representation. The study can be repeated with more immunohistochemical markers and not a single one.
The syndromes associated with syndactyly need more attention in a larger cohort.

Conclusions

Syndactyly is mostly non-familial, sporadic with male preponderance in our geographical location. It mostly
affects children <10 years, is unilateral in occurrence, isolated in presentation and most commonly in the
incomplete form.

We found an overt expression of Cx43 in these patients' stratum spinosum layer of the epidermis of the skin
in comparison to normal people who showed positivity for Cx43 in the stratum basale of the epidermis and
only mild/focal positivity in the stratum spinosum. The gender prevalence, as well as the pattern of
expression of Cx43, should be studied in a larger population along with the study of different mutations
which can unfold unknown facts about Syndactyly and the associated clinical heterogenicity. This can
facilitate surgical procedures and expected outcomes. Also, molecular mechanisms in non-syndromic
Syndactyly can explain variable pathogenesis and facilitate genetic counseling.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Ethics
Committee AIIMS Bhubaneswar issued approval T/IM-NF/ANATOMY/19/25. Animal subjects: All authors
have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Malik S: Syndactyly: phenotypes, genetics and current classification. Eur ] Hum Genet. 2012, 20:817-24.
10.1038/ejhg.2012.14

2. Dao KD, Shin AY, Billings A, Oberg KC, Wood VE: Surgical treatment of congenital syndactyly of the hand . |
Am Acad Orthop Surg. 2004, 12:39-48. 10.5435/00124635-200401000-00006

3. Schwabe GC, Mundlos S: Genetics of congenital hand anomalies. Handchir Mikrochir Plast Chir. 2004,
36:85-97. 10.1055/5-2004-817884

4.  Ferrari BR, Werker PM: A cross-sectional study of long-term satisfaction after surgery for congenital
syndactyly: does skin grafting influence satisfaction?. ] Hand Surg Eur Vol. 2019, 44:296-303.
10.1177/1753193418808183

5. ZaibT,Ji W, Saleem K, et al.: A heterozygous duplication variant of the HOXD13 gene caused
synpolydactyly type 1 with variable expressivity in a Chinese family. BMC Med Genet. 2019, 20:203.
10.1186/512881-019-0908-6

6. Muragaki Y, Mundlos S, Upton J, Olsen BR: Altered growth and branching patterns in synpolydactyly caused
by mutations in HOXD13. Science. 1996, 272:548-51. 10.1126/science.272.5261.548

7. Lloyd SA, Loiselle AE, Zhang Y, Donahue HJ: Shifting paradigms on the role of connexin43 in the skeletal
response to mechanical load. ] Bone Miner Res. 2014, 29:275-86. 10.1002/jbmr.2165

8. Mese G, Richard G, White TW: Gap junctions: basic structure and function. J Invest Dermatol. 2007,
127:2516-24. 10.1038/sj.jid.570077

9. Swarup I, Zhang Y, Do H, Daluiski A: Epidemiology of syndactyly in New York State . World ] Orthop. 2019,
10:387-93. 10.5312/wjo.v10.i11.387

10. Deunk J, Nicolai JPA, Hamburg SM: Long-term results of syndactyly correction: full-thickness versus split-
thickness skin grafts. ] Hand Surg Am. 2003, 28:125-30. 10.1016/50266-7681(02)00306-6
11.  Cortez M, Fernandes Junior JV, da Silva RF, Gilbert A, Valenti P, Brandt CT, Teles AA: Surgical results from

treating children with syndactyly through the collective effort system at "SOS Hand Recife" between 2005

2022 Sahoo et al. Cureus 14(10): €30327. DOI 10.7759/cureus.30327 70f8


https://dx.doi.org/10.1038/ejhg.2012.14
https://dx.doi.org/10.1038/ejhg.2012.14
https://dx.doi.org/10.5435/00124635-200401000-00006
https://dx.doi.org/10.5435/00124635-200401000-00006
https://dx.doi.org/10.1055/s-2004-817884
https://dx.doi.org/10.1055/s-2004-817884
https://dx.doi.org/10.1177/1753193418808183
https://dx.doi.org/10.1177/1753193418808183
https://dx.doi.org/10.1186/s12881-019-0908-6
https://dx.doi.org/10.1186/s12881-019-0908-6
https://dx.doi.org/10.1126/science.272.5261.548
https://dx.doi.org/10.1126/science.272.5261.548
https://dx.doi.org/10.1002/jbmr.2165
https://dx.doi.org/10.1002/jbmr.2165
https://dx.doi.org/10.1038/sj.jid.5700770
https://dx.doi.org/10.1038/sj.jid.5700770
https://dx.doi.org/10.5312/wjo.v10.i11.387
https://dx.doi.org/10.5312/wjo.v10.i11.387
https://dx.doi.org/10.1016/s0266-7681(02)00306-6
https://dx.doi.org/10.1016/s0266-7681(02)00306-6
https://dx.doi.org/10.1016/j.rboe.2014.07.006

Cureus

12.

13.

14.

15.

16.
17.

and 2009. Rev Bras Ortop. 2014, 49:396-400. 10.1016/j.rboe.2014.07.006

Canizares MF, Feldman L, Miller PE, Waters PM, Bae DS: Complications and cost of syndactyly
reconstruction in the United States: analysis of the Pediatric Health Information System. Hand (N Y). 2017,
12:327-34. 10.1177/1558944716668816

Jordan D, Hindocha S, Dhital M, Saleh M, Khan W: The epidemiology, genetics and future management of
syndactyly. Open Orthop J. 2012, 6:14-27. 10.2174/1874325001206010014

Dobrowolski R, Hertig G, Lechner H, et al.: Loss of connexin43-mediated gap junctional coupling in the
mesenchyme of limb buds leads to altered expression of morphogens in mice. Hum Mol Genet. 2009,
18:2899-911. 10.1093/hmg/ddp22.7

van Es RJ, Wittebol-Post D, Beemer FA: Oculodentodigital dysplasia with mandibular retrognathism and
absence of syndactyly: a case report with a novel mutation in the connexin 43 gene. Int ] Oral Maxillofac
Surg. 2007, 36:858-60. 10.1016/.ijom.2007.03.004

Zhang XF, Cui X: Connexin 43: key roles in the skin. Biomed Rep. 2017, 6:605-11. 10.3892/br.2017.903
Richard G: Connexins: a connection with the skin . Exp Dermatol. 2000, 9:77-96. 10.1034/j.1600-
0625.2000.009002077.x

2022 Sahoo et al. Cureus 14(10): €30327. DOI 10.7759/cureus.30327

8of8


https://dx.doi.org/10.1016/j.rboe.2014.07.006
https://dx.doi.org/10.1177/1558944716668816
https://dx.doi.org/10.1177/1558944716668816
https://dx.doi.org/10.2174/1874325001206010014
https://dx.doi.org/10.2174/1874325001206010014
https://dx.doi.org/10.1093/hmg/ddp227
https://dx.doi.org/10.1093/hmg/ddp227
https://dx.doi.org/10.1016/j.ijom.2007.03.004
https://dx.doi.org/10.1016/j.ijom.2007.03.004
https://dx.doi.org/10.3892/br.2017.903
https://dx.doi.org/10.3892/br.2017.903
https://dx.doi.org/10.1034/j.1600-0625.2000.009002077.x
https://dx.doi.org/10.1034/j.1600-0625.2000.009002077.x

	Epidemiological Characteristics and Role of Connexin-43 in Patients of Syndactyly Attending a Tertiary Care Center in Odisha, India
	Abstract
	Introduction
	Materials And Methods
	Methods
	Statistical analysis

	Results
	Epidemiology
	FIGURE 1: Images showing (a) planning and release of second web space complete syndactyly and 4th webspace incomplete syndactyly. (b) X-ray showing fusion of third and fourth distal phalanx in syndactyly. (c) Intraoperative after separation of digits. (d) Postoperative follow-up case.
	TABLE 1: Epidemiological data of the patients with syndactyly

	Histopathology
	IHC interpretation of Cx43 in syndactyly lesion
	FIGURE 2: Microscopic picture of a control showing positivity in the keratinocytes of stratum spinosum layer of the epidermis, while stratum granulosum and stratum basale layer revealed a negative staining in raw image (a) and software-processed image (b).
	FIGURE 3: Macroscopic picture of a control showing- strong positivity for Cx43 in the stratum basale of the epidermis in raw image (a). Software-processed image of control showing the highly expressive cells are denoted by red color comprising of 13.4%. The moderate expression was denoted by orange followed by green comprising of 49.7% and 35.3%, respectively (b).


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


