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Abstract 
Objective: To determine the frequency of anatomical variation of flexor digitorum superficialis in the little finger, 
prevalence of isolated presence of 5th digit flexor digitorum superficialis tendon and interconnected presence of 
4th and 5th digit flexor digitorum superficialis tendon, and to assess the association of anatomical variations with 
ethnicity. 
Method: The cross-sectional, descriptive study was conducted at the Bahria University of Health Sciences, Karachi, 
from August 2022 to May 2024, and comprised subjects of either gender aged 18-23 years belonging to five ethnic 
communities; Punjabi, Sindhi, Balochi, Pathan and Urdu-speaking. The presence of flexor digitorum superficialis was 
assessed using the Standard and Modified tests. Data was analysed using SPSS 27. 
Results: Of the 234 subjects with mean age 20.03±1.08 years, 146(62.4%) were females and 88(37.6%) were males. 
In terms of ethnicity, there were 163(69.65%) Punjabi subjects, 17(7.26%) Pathan, 13(5.55%) Sindhi, 12(5.12%) 
Balochi, and 29(12.40%) belonged to the Urdu-speaking community. Flexor digitorum superficialis was noted` in 
150(64.1%) of the subjects. Agenesis was observed in 84(35.9%) individuals, with bilateral agenesis in 38(16.2%) and 
unilateral agenesis in 46(19.7%). The prevalence of right flexor digitorum superficialis showed non- differences 
(p>0.05) with respect to ethnicity, while the difference was significant on the left side (p=0.05). Significant 
differences (p=0.032) were observed on the left limb for the isolated presence of 5th digit flexor digitorum 
superficialis tendon and interconnected presence of 4th and 5th digit flexor digitorum superficialis tendon. 
Conclusion: There existed anatomical variability in terms of prevalence of flexor digitorum superficialis in the little 
finger with respect to ethnicity. Unilateral agenesis was more than bilateral agenesis, and active tendon function 
was more prevalent than interconnected function. 
Key Words: Anatomical variation, Flexor digitorum superficialis, Interconnected tendon. 
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Introduction 
Flexor digitorum superficialis (FDS) is a large muscle that 
belongs to the flexor (anterior) compartment of the 
forearm, making it a flexor muscle of the forearm 
belonging to the intermediate layer.1 The functional 
aspect of FDS is associated with the flexion of proximal 
interphalangeal joint. There exists anatomical variability 
in terms of anatomical structure of FDS belonging to the 
fifth digit. These variations include hypoplastic structural 
form, thinning of tendon, unilateral and bilateral absence 
along with tendinous connections of little finger to the 
fourth digit.2-4 Studies have also reported presence of 
accessory belly and tendon of FDS.5,6 The variance in 
structure can be attributed to the evolutionary changes 
that have been observed in primates.5 The variability in 
the anatomy of FDS could also be due to the adaptability 

of the hand function rather than the phylogenetic 
agenesis. The distinctive pattern of FDS anatomy varies 
from region to region, and prevalence ranges from 0% to 
47.8%.7,8 The variability in the agenesis also differs 
between the two limbs. Unilateral agenesis on the right 
side has been reported to be 8%, while on the left side the 
absence has been reported to be 12%.9 A study in North 
Carolina documented that FDS was found to be 
congenitally absent when an accident patient was 
observed for the muscle tendon in both the forearms.1 

FDS can be easily used for operative procedures, like 
tendon transfers and reconstructive surgeries, because of 
its superficial location and also because its resection does 
not result in any sort of functional loss. A study in Turkiye 
determined the effect of presence and absence of FDS 
muscle on hand gripping, and concluded that hand 
gripping strength was not dependent on agenesis or 
presence of FDS.10 FDS can be categorised among the 
muscles that present with distinctive anatomy, and, 
therefore, the unique and unusual pattern of FDS must be 
known to the anatomists, physiotherapists and surgeons 
as it may influence clinical examination of hands with 

Department of Anatomy, Bahria University Health Sciences, Karachi, Pakistan. 
Correspondence: Quratulain Javaid. Email: 
quratulain.bumdc@bahria.edu.pk 
ORCID ID: 0000-0002-2858-2896 
Submission complete: 06-09-2024 First Revision received: 31-12-2024 
Acceptance: 10-09-2025                       Last Revision received:  09-09-2025



injuries. Also, the treating doctor should know about the 
variance in anatomy while checking for the functional 
activity of the muscle.1 Tendon anatomical variability 
must be kept in mind while reconstructive surgeries are 
planned as the muscle framework varies from person to 
person. Comprehensive evaluation must be carried out 
before making differential diagnosis and performance of 
procedures, like tendon transfer and opponenplasty.2 

Keeping in mind the importance of knowing the 
structural differences of FDS, the current study was 
planned to determine the frequency of anatomical 
variation of FDS in the little finger, prevalence of isolated 
(active) presence of 5th digit FDS tendon, and 
interconnected presence of 4th and 5th digit FDS tendon 
along with assessing the association of anatomical 
variation of FDS in the little finger with ethnicity. 

Subjects and Methods 
The cross-sectional, prospective, descriptive study was 
conducted at the Bahria University of Health Sciences 
(BUHS), Karachi, from August 2022 to May 2024, and 
comprised subjects of either gender aged 18-23 years 
belonging to Punjabi, Sindhi, Balochi, Pathan and Urdu-
speaking ethnic communities. The sample size was 
calculated using OpenEpi version 3, based on an 

estimated prevalence of 18% for the functional absence 
of FDS in the little finger, as reported in previous studies. 
A margin of error of 5% and a 95% confidence interval 
were used.4 The sample size was slightly inflated. The 
sample was raised using non-randomised convenience 
sampling technique from among BUHS students. Those 
included were subjects of either gender aged 18-23 years 
who had normal anatomy of the hand and forearm. Those 

with abnormalities, fractures or past surgical history of 
hand and forearm were excluded. Informed consent was 
obtained from all the participants. 

FDS presence was tested using Standard and Modified 
tests. The Standard test involved asking the subject to 
fully extend all the fingers with the help of the other hand; 
extension of all proximal interphalangeal (PIP) joints and 
distal interphalangeal joints (DIP) joints was done except 
for the little finger. The presence of flexion at the PIP joint 
of the little finger indicate FDS positivity. The Modified 
test involved asking the subject to fully extend all the 
fingers (extension of PIP and DIP joints) except for the ring 
and the little fingers. The presence of flexion at the PIP of 
the little finger indicated FDS positivity in connection 
with the fourth finger.7,11 In case of negative Standard 
test, the Modified test was used to rule out common 
tendinous attachment of the ring finger and the little 
finger (Figure 1). 

Data was analysed using SPSS 27. Kolmogorov-Smirnov 
test was used to check data normality. Data was reported 
as frequencies and percentages, or as mean ± standard 
deviation, as appropriate. Chi-square or Fisher’s exact test 
was used, as appropriate. P≤0.05 was considered 
significant. 

Results 
Of the 234 subjects with mean age 20.03±1.08 years, 
146(62.4%) were females and 88(37.6%) were males. 
There were a total of 468 hands; 234(50%) left and 
234(50%) right. In terms of ethnicity, there were 
163(69.65%) Punjabi subjects, 17(7.26%) Pathan, 
13(5.55%) Sindhi, 12(5.12%) Balochi, and 29(12.40%) 
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Figure-1: Clinical testing for flexor digitorum superficialis (FDS). 
a: Absence of right FDS by Standard Test; b: Presence of right FDS interconnectivity evident by Modified Test; c: Presence of left FDS by Standard Test; d: Presence of left FDS evident 
by Modified Test.
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belonged to the Urdu-speaking community. FDS was 
noted in 150(64.1%) subjects. Agenesis was observed in 
84(35.9%) individuals, with bilateral agenesis in 38(16.2%) 
and unilateral agenesis in 46(19.7%). Specifically, absence 
on the right side was noted in 18(7.7%) subjects, while 
absence on the left side was documented in 13(5.6%). 

Among the 468 hands, the FDS muscle was present in 
179(76.5%) right hands and 185(79.1%) left hands. On the 
right side, no significant differences were observed 
among the ethnic groups (p=0.367), while, on the left 
side, significant differences were noted (p=0.05), with the 
Balochi group exhibiting the highest prevalence of FDS 
presence (Table 1). 

Among the right hands, isolated 5th digit FDS tendon was 
present in 112(47.9%), and shared tendons between the 
4th and 5th digits were observed in 67(28.6%) hands. 
Regarding the left hand, isolated 5th digit FDS tendon 
was present in 117(50%) hands, while shared tendons 
were found in 68(29.1%) hands. Significant differences 
were observed on the left hand when comparing isolated 
(active) presence of the 5th digit FDS tendon to 
interconnected presence of the 4th and 5th digit FDS 
tendons (p=0.032). On the right side, the differences were 

not significant 
(Table 2). Laterality 
of FDS presence 
also differed among 
the ethnic groups 
(Figure 2). 

Discussion 
There exists 
a n a t o m i c a l 
variability in the 
presence of FDS in 
the forearm.12,13 In 
the current study, 

Table-2: Prevalence of isolated and interconnected flexor digitorum superficialis (FDS) tendon.

Right sided FDS Left sided FDS
Ethnicity Isolated                   

FDS Tendon
Interconnected   

FDS Tendon
P value Isolated  FDS 

Tendon
Interconnected   

FDS Tendon
P value

Punjabi 73/163 (44.8%) 51/163 (31.3%) 0.316 75/163 (46.0%) 50/163 (30.7%) 0.032*

Pathan 11/17 (64.7%) 3/17 (17.6%) 14/17 (82.4%) 2/17 (11.8%)
Sindhi 6/13 (46.2%) 5/13 (38.5%) 6/13 (46.2%) 6/13 (46.2%)
Balochi 9/12 (75.0%) 2/12 (16.7%) 7/12 (58.3%) 5/12 (41.7%)

Karachi origin 13/29 (44.8%) 6/29 (20.7%) 15/29 (51.7%) 5/29 (17.2%)
Total 112/234 (47.9%) 67/234 (28.6%) 117/234 (50.0%) 68/234 (29.1%)

*p<0.05, **p<0.001

Table-1: Prevalence of Right and Left flexor digitorum superficialis (FDS) 
among ethnic groups (n=234).

Right FDS P value

Ethnicity Number of 
right 

hands

Present Absent 

Punjabi 163 124/163 (76.1%) 39/163 (23.9%) 0.367

Pathan 17 14/17 (82.4%) 3/17 (17.6%)
Sindhi 13 11/13 (84.6%) 2/13 (15.1%)
Balochi 12 11/12 (91.7%) 01/12 (8.3%)
Karachi origin 29 19/29 (65.5%) 10/29 (34.5%)
Total 234 179/234 (76.4%) 55/234 (23.5%)

Left FDS P value

Ethnicity Number of 
left hands

Present Absent 

Punjabi 163 125/163 (76.7%) 38/163 (23.3%) 0.05*
Pathan 17 16/17 (94.1%) 01/17 (5.9%)
Sindhi 13 12/13 (92.3%) 01/13 (7.7%)
Balochi 12 12/12 (100%) 0/12 (0%)
Karachi origin 29 20/29 (69%) 09/29 (31%)
Total 234 185/234 (79%) 49/234 (21%)

Figure-2: Ethnic groups and laterality of flexor digitorum superficialis (FDS) within them.



the overall absence of FDS tendon was observed in 35.8%. 
A study in Riyadh mentioned analogous total agenesis 
36.6%.14 In comparison to the current results, higher 
prevalence of agenesis 49.3% was reported by a study 
conducted in Islamabad and Rawalpindi.11 

Across the world, there are variances among the 
prevalence of agenesis among different ethnicities. The 
current study also showed a similar trend. A study in 
Mumbai showed higher prevalence (47.8%) of FDS 
agenesis, while a Karnataka study found no case of 
agenesis.8,3 Similarly, a research in Antalya reported FDS 
absence to be 18.5% compared to 23.7% in Istanbul.15,16 

In the current study, higher active tendon presence was 
observed compared to shared tendon. The prevalence of 
isolated 5th digit FDS tendon presence was 50% and 
47.9% on the left and right sides, respectively. Similar to 
these observations, low frequency of interconnected 
tendon between the two fingers has been reported, with 
a study in Japan reporting independent function in 67.5% 
and another Japan-based study on baseball players 
documenting 36.2% isolated function in the throwing 
hand compared to 47.8% in the non-throwing hand.17,18 

The current study showed variable frequency for 
connecting function between the 4th and the 5th fingers 
FDS, ranging from 11.8% to 46.2% among the different 
ethnic groups. Tejaswi et al. mentioned lesser level of 
dependence (5.2%) between the two tendons of ring 
finger and digiti minimi.3 Rafique et al. mentioned the 
connecting function to be in 22.5% of the study 
population.11 A European research on FDS reported 
parallel results with interconnectivity between the two 
finger tendons (29.9%).19 Yammine et al. documented 
37.5% study subjects to have shared tendons 
functionality.7 A Japan-based research stated the 
interconnected tendon function to be 32.5%.17 This 
clearly depicts the variance in interconnected 
functionality across the world. An isolated FDS tendon 
permits for independent flexion at the PIP joint, 
enhancing dexterity and fine motor skills essential for 
performing daily activities, like typing or playing musical 
instruments. Contrarily, interconnected FDS tendons 
assists in coupled finger movements, possibly restraining 
precise finger control. These anatomical differences can 
have an impact on individual's ability to perform tasks 
needing independent finger movements. 

Bilateral agenesis in the current study was 16.2% and 
unilateral agenesis was witnessed in 19.7%. A study in 
Saudi Arabia reported comparable results;14.8 and 19.9%, 
respectively.14 Rafique et al. reported a higher prevalence 
of bilateral agenesis (23.6%) with a lower unilateral 

prevalence (0.96%).11 A study in Mumbai documented 
higher bilateral absence of FDS (42%).8 

In the present study, right-sided agenesis (7.7%) was 
observed to be more than the left-sided (5.6%). 
Comparable to the current results, Alzharani et al. 
reported higher prevalence for right (12.1%) than left 
agenesis (9.7%) in Saudi population.14 Similarly, a study in 
Brazil reported analogous prevalence but with higher 
values with agenesis to be 34.53% and 30.06% on the 
right and left sides, respectively.20 Other studies across 
the world have documented more left-sided 
agenesis.11,8,9 A study in Punjab, Pakistan reported a lower 
prevalence of agenesis 0.9% and 1.1% for right and left 
forearms, respectively11 while a study in India reported 
right-sided and left-sided agenesis to be 6.1% and 8.6%, 
respectively.8 A study in Bulgaria documented 24% and 
16% left-sided and right-sided FDS agenesis, 
respectively.9 

FDS used for operative procedures does not only add 
biochemical strength, but also improves hand 
locomotion after the procedure.21 The FDS tendon as a 
graft also works well for extensor muscles injuries 
involving the radial nerve.22 Clinically, knowledge of 
prevalence of agenesis of FDS is empirical for the 
physiotherapists and plastic surgeons.23 As FDS absence 
does not affect pinch and grip strength, therefore it is 
considered an ideal tendon for resection, keeping in mind 
its superficial anatomical location.24 FDS absence can limit 
the surgeons’ choice to use it for reconstructive operative 
procedures.10,24,25 

The current study has limitations as it was conducted at a 
single centre, and it did not take into account the genetic 
linkage of FDS agenesis. Multicentre extensive studies 
exploring the association of genetic linkage of anatomical 
variability are needed to validate the current findings. 

Conclusion 
There existed anatomical variability in terms of 
prevalence of FDS in the little finger among the ethnic 
races. Unilateral agenesis was more than bilateral 
agenesis. Active tendon function was more prevalent 
than interconnected function. 
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