
Introduction
Carpal tunnel syndrome (CTS) is the most common entrapment 
neuropathy defined as compressive mononeuropathy of the 
median nerve in the tight anatomical tunnel at the level of the 
wrist [1]. The estimated prevalence is 3/1000 people/year and 
affects women more than men [2,3]. Usually, it occurs in the 

middle aged and elderly from 45 to 55 years and around 70 years 
of age. It is frequently associated with systemic or occupational 
risk factors, such as diabetes mellitus, hypothyroidism, 
pregnancy, inflammatory arthritis, or repetitive wrist activity. 
CTS is rare in children and adolescents. In the absence of 
systemic disease or occupational risk factors, clinicians should 
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Introduction: Carpal tunnel syndrome (CTS) is the most common compressive neuropathy of the upper extremity, typically affecting middle-
aged and elderly individuals. Occurrence in adolescents or young adults without identifiable systemic risk factors is uncommon and often 
indicates an underlying structural cause. Anatomical variations, such as anomalous muscle bellies or median nerve abnormalities can reduce the 
space within the carpal tunnel and lead to symptomatic nerve compression.
Case Series: We present a series of four young patients aged 15–27 years who presented with symptoms suggestive of CTS without conventional 
risk factors. All patients demonstrated positive clinical provocative tests and electrophysiological evidence of median nerve compression. 
Imaging, where performed, suggested anatomical abnormalities within the carpal tunnel. Surgical exploration identified aberrant muscle bellies 
associated with median nerve compression; bifid median nerve and persistent median artery were also identified among the reported anatomical 
findings. All patients underwent open carpal tunnel release, with management of the aberrant muscle determined intraoperatively. Post-
operative recovery was clinically favorable during the available short-term follow-up.
Conclusion: Anatomical variations, such as aberrant muscle bellies and median nerve variants should be considered in young patients 
presenting with CTS symptoms, particularly when conventional risk factors are absent. In selected patients, imaging and careful intraoperative 
assessment may help identify structural contributors and guide individualized surgical management. Given the small case series and lack of a 
comparator, these observations should be considered hypothesis-generating rather than definitive.
Keywords: Carpal tunnel syndrome, median nerve anomaly, accessory lumbrical muscle, aberrant muscle belly, anatomical variation, persistent 
median artery.

Abstract

Learning Point of the Article:
In young patients with atypical carpal tunnel syndrome and no conventional risk factors, high-resolution ultrasonography may help identify 

anatomical variants; magnetic resonance imaging may be considered in selected cases to further characterize anatomy and facilitate 
individualized surgical planning.
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consider alternative etiologies, particularly structural 
abnormalities within the carpal tunnel.
The carpal tunnel is a confined anatomical space containing the 
median nerve and the flexor tendons. A minor structural 
variation can alter the pressure dynamics within the tunnel and 
predispose to nerve compression. Several anatomical variations 
have been described in the literature, including bifid median 
nerve, persistent median artery, and anomalous muscle bellies 
originating from flexor digitorum superficialis or lumbrical 
muscles.
Aberrant muscle bellies within the carpal tunnel are uncommon 
but well-documented causes of CTS. These muscles may 
occupy additional space within the tunnel and cause either 
static or dynamic compression of the median nerve during 
finger movements. There are various rare anatomical variants in 
the wrist that can cause compression of the median 
nerve. A small carpal tunnel, bifid median nerve, 
persistent median artery, tendinous connection 
between flexor digitorum profundus and flexor 
pollicis longus, and presence of aberrant muscles have 
been documented in the literature, to be associated 
with CTS [4,5,6,7].
The present case series describes four young patients 
who developed CTS symptoms in association with 
anomalies of structures within the carpal tunnel 
(Table 1). The purpose is to highlight these 
uncommon anatomical findings and their potential 
relevance to diagnosis and individualized surgical 
planning, while recognizing that a four-patient 
uncontrolled case series cannot establish causation, 
prevalence, or comparative treatment efficacy.

Case Series

Case 1
A 15-year-old adolescent girl presented with 
complaints of intermittent numbness and tingling 
affecting the thumb, index, and middle fingers of her 
right hand for approximately 1 year. The symptoms 
were exacerbated by prolonged writing and use of cell 
phones. She also reported nocturnal tingling. There 
was no history of trauma, systemic illness, or endocrine 
disorder.
Clinical examination revealed a positive Phalen’s test 
and Tinel’s sign at the wrist. Mild weakness of thumb 
abduction was noted, although there was no visible 
t h e n a r  at ro p hy.  Ne r v e  c o n d u c t i o n  s t u d i e s 
demonstrated delayed distal motor latency and 
reduced sensory conduction velocity of the median 
nerve across the carpal tunnel. Ultrasonographic 

examination revealed enlargement of the median nerve and a 
suspected accessory muscle belly within the carpal tunnel.
The patient under went open carpal tunnel release. 
Intraoperative exploration revealed an accessory lumbrical 
muscle belly extending proximally into the carpal tunnel and 
compressing the median nerve beneath the flexor retinaculum. 
The muscle belly was excised and decompression of the median 
nerve was achieved. The patient reported complete resolution 
of symptoms at 1-month follow-up.

Case 2
A 22-year-old male presented with progressive numbness and 
occasional burning pain in the left hand for 10 months. 
Symptoms were more pronounced at night and during activities 
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Figure 1: Intraoperative photograph in case 2 showing a bifid median nerve at the proximal 
edge of the transverse carpal ligament.

Figure 2: Compression of the median nerve in case 2 by an accessory muscle arising from 
the transverse carpal ligament.
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requiring sustained wrist flexion.
Physical examination revealed positive Tinel’s and Phalen’s 
signs. Sensory examination demonstrated mild hypoesthesia in 
the median nerve distribution. Electrodiagnostic testing 
confirmed moderate median nerve compression at the wrist.
Magnetic resonance imaging (MRI) suggested an anatomical 
variation within the carpal tunnel. During surgical exploration, 
the median nerve was found to be bifid and displaced by an 
aberrant muscle belly arising from the transverse carpal 
ligament extending up to the thenar eminence (Figs. 1 and 2).
Open carpal tunnel release and excision of the anomalous 
muscle belly were performed. At 3-month follow-up, the patient 
reported complete resolution of nocturnal symptoms and 
improvement in hand function.

Case 3
A 27-year-old female presented with Right hand paresthesia of 6 
months’ duration. The symptoms worsened during prolonged 
writing and gripping activities. On examination, Tinel’s and 
Phalen’s tests were positive. Nerve conduction studies 
demonstrated delayed sensory conduction across the carpal 
tunnel. Ultrasound examination suggested the presence of a 
bifid median nerve (Fig. 3).
Open carpal tunnel release was performed. Intraoperatively, an 
anomalous lumbrical muscle belly extending into the carpal 
tunnel was identified compressing the median nerve. The 
aberrant muscle was excised and adequate decompression was 
achieved. The patient experienced significant improvement in 
symptoms during post-operative follow-up.

Case 4
A 19-year-old male who had a history of numbness and 
tingling sensation in the index finger and thumb of the 
right hand for a duration of 1 year suffered a distal radius 
fracture. Following the treatment of the fracture, there 
was resolution of symptoms of numbness and tingling 
sensation. The patient developed a surgical site infection 
3 months following surgery, for which the implants, 
plates, and screws, were removed. One month after the 
surgery, the patient presented with recurrence of tingling, 
numbness with increased severity, night exacerbations, 
and weakness of thumb abduction. On examination, 
there was wasting of the thenar muscles and weakness in 
opposition and abduction of the thumb. Phalen test and 
Tinel’s sign were positive. The temporal relationship 
between the fracture treatment, infection, implant 
removal, and recurrence of symptoms represents an 
important potential confounder when attributing the 
later CTS symptoms solely to the anatomical variant.

Nerve conduction study of the median nerve showed decreased 
velocity across the carpal tunnel. Due to atypical presentation, 
the patient was evaluated with ultrasonography, and the finding 
of a bifid median nerve was corroborated with MRI (Fig. 4).
Open carpal tunnel release was performed. During the release, 
an aberrant palmaris profundus muscle was noted compressing 
the median nerve. The muscle was left in situ after it was 
released and sutured. The patient completely recovered from 
paresthesia in the immediate post-operative period. Thumb 
opposition and abduction recovered at 6 months.

Discussion
CTS results from increased pressure within the carpal tunnel 
leading to mechanical compression and ischemia of the median 
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Figure 3: Ultrasound image of the wrist in case 3 demonstrating an enlarged bifid 
median nerve with an adjacent accessory muscle belly occupying the radial aspect of the 
carpal tunnel.

Figure 4: Axial magnetic resonance imaging of the wrist in case 4 showing a 
bifid median nerve displaced by an aberrant muscle structure within the 
carpal tunnel.
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nerve [1]. While idiopathic CTS is common in middle-aged 
adults, cases occurring in young individuals often have 
identifiable underlying causes. Anomalous anatomical 
structures are increasingly recognized as important etiological 
factors in CTS among young individuals. Variants, such as bifid 
median nerve, persistent median artery, and accessory muscles 
can coexist and significantly alter carpal tunnel dynamics. 
These anomalies may reduce available tunnel space or create 
intermittent compression during wrist motion, leading to early 
symptom onset [8]. The reported prevalence of such 
anatomical variants in CTS ranges from approximately 5–9%, 
although the coexistence of multiple anomalies is uncommon. 
Recognition of these variations is essential because they may 
alter surgical anatomy and increase the risk of incomplete 
decompression or iatrogenic injury during carpal tunnel release.
Accessory lumbrical muscles and anomalous flexor digitorum 
superficialis muscle bellies are among the most commonly 
reported variants. Normally, lumbrical muscles originate distal 
to the carpal tunnel; however, variations in their origin may 
allow the muscle belly to extend proximally into the tunnel. 
Such muscle bellies can cause compression of the median nerve 
either by occupying space within the tunnel or through 
dynamic movement during finger flexion [8].
Another important anatomical variation is the bifid median 
nerve, which may coexist with other anomalies and alter the 
available space within the tunnel. Ultrasonography can 
demonstrate this variant and allow cross-sectional area 
assessment. However, the presence of a bifid median nerve 

alone does not establish that it was 
the primary cause of CTS in an 
individual patient; its clinical 
significance must be interpreted in 
conjunct ion w ith sy mptoms, 
electrodiagnostic findings, imaging, 
and intraoperative observations 
[9].  Al  Qattan et  a l .  f ur ther 
classified the Bifid Median Nerve 
i n t o  6  c a t e g o r i e s  b a s e d  o n 
associated anomalies [Table 2] 
[10].
Recent literature emphasizes the 
p o t e n t i a l  r o l e  o f  i m a g i n g , 
pa r t i c u l a r l y  h i g h - re s o l u t i o n 
ultrasound and MRI,  in pre-
o p e r a t i v e  i d e n t i f i c a t i o n  o f 
anatomical variations. Ultrasound 
allows dynamic assessment and can 
identif y bifid nerves, aberrant 
branches, and accessory muscles, 
w h i c h  may  a s s i s t  d i ag n o st i c 
assessment and surgical planning 

[11]. In the present series, imaging was used selectively because 
of the atypical presentation; these four cases do not provide 
evidence that routine MRI is necessary for all young patients 
with CTS.
Recent reports have described rare combinations of anomalies, 
including bifid median nerve with palmaris profundus muscle 
or persistent median artery. Such reports reinforce awareness of 
variant anatomy in atypical CTS, but they do not establish that 
any single anatomical variant is invariably responsible for 
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Characteristics Case 1 Case 2 Case 3 Case 4

Age 15 22 27 19

Gender F M F M

Occupation Student Student Homemaker Student

Duration of 

symptoms
12 months 10 months 6 months 12 months

Side Right Left Right Right

Clinical tests

Phalen’s test

Tinel’s sign

Enlarged median 

nerve

Suspected accessory 

muscle

MRI Not done

Bifid median nerve 

and accessory 

muscle

An accessory muscle

Bifid median nerve 

and accessory 

muscle

Surgery finding
Accessory lumbrical 

muscle

Accessory flexor 

digitorum profundus 

and bifid nerve

Accessory lumbrical 

muscle

Accessory palmaris 

profundus and bifid 

nerve

Symptom resolution 

duration
1 month 3 months 3 months 6 months

USG: Ultrasonography, MRI: Magnetic resonance imaging, F: Female, M: Male

Table 1: Characteristics of the cases

Positive Positive Positive Positive

USG Not done Reported normal Bifid median nerve

Table 2: Classification of bifid median nerve

       i.          BMN without persistent median vessels or 

abnormalities

     ii.          BMN with persistent median vessels without 

any pathology

   iii.           BMN with persistent median vessels with 

aneurysm, thrombosis, or arteriovenous 

malformation of the vessels

   iv.           BMN with each division passing separately 

in the tunnel.

     v.           Aberrant muscle in between the 2 divisions 

of the nerve

   vi.          BMN with aberrant branches of the nerve
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symptoms or that early surgery is universally required [12].
From a surgical perspective, failure to recognize anatomical 
variations may lead to incomplete decompression or iatrogenic 
nerve injury. Awareness of anomalous branches, including 
transligamentous or aberrant motor branches, is therefore 
important during carpal tunnel release [13,14]. When an 
aberrant muscle is identified and intraoperative findings 
indicate that it is contributing to compression, management 
should be individualized. Excision may be appropriate when 
the muscle belly clearly occupies the tunnel and contributes to 
compression, whereas release or decompression without 
excision may be considered when preservation is feasible, as 
occurred in Case 4 [15]. The present series does not allow 
comparison of these strategies.

Limitations
The principal limitations of this report are the very small sample 
size (n = 4), which depicts the rarity of occurrence of these 
anomalies, the uncontrolled case-series design, and the 
heterogeneity of the anatomical findings and surgical 
management. Accordingly, the series should be considered as 
hypothesis-generating. It neither establishes the prevalence of 
these variants nor proves that a particular anomaly was the 
primary cause of compression. As the surgical procedure was 
individualized based on the intra-operative finding, the 
comparative benefit of muscle excision versus release alone or 
conservative treatment cannot be established. Case 4 is 
additionally confounded by a distal radius fracture, post-
operative infection, implant removal, and recurrent symptoms, 
so post-traumatic or post-operative changes may have 
contributed to the clinical presentation. Follow-up was limited 
to approximately 1–6 months, precluding conclusions 
regarding long-term recurrence, persistent nerve dysfunction, 
muscle regeneration, or late complications. Objective post-
operative measures, such as repeat nerve conduction 

parameters, median nerve cross-sectional area, grip and pinch 
strength, and validated patient-reported outcomes were not 
collected systematically. Imaging was not performed as a 
uniform protocol, and hence the quantitative measurements of 
anomalous muscles, degree of compression, intracarpal tunnel 
pressure, or persistent median artery characteristics were not 
available. The clinical records documented absence of 
conventional risk factors by history in the reported cases, but a 
comprehensive standardized laboratory evaluation for all 
systemic or metabolic causes was not performed. 

Conclusion
CTS occurring in adolescents and young adults without typical 
risk factors should raise suspicion for anatomical variations 
within the carpal tunnel. Aberrant muscle bellies and median 
nerve anomalies may contribute to nerve compression, but the 
present four-patient case series cannot establish causation or 
demonstrate that early surgery is universally required. In young 
patients with atypical CTS, careful clinical evaluation and 
selective imaging may assist identification of variant anatomy 
and individualized surgical planning. Surgical decompression, 
with management of an aberrant muscle tailored to the 
intraoperative findings, may result in clinical improvement; 
however, larger comparative studies with standardized and 
longer-term outcome assessment are needed.

Clinical Message

In young patients with atypical CTS and no conventional risk 
factors, high-resolution ultrasound may help identify anatomical 
variants, with MRI considered in selected cases to further 
characterize anatomy and facilitate individualized surgical planning. 
When an aberrant structure is identified, its contribution to 
compression should be assessed intraoperatively and management 
individualized rather than assuming that excision or early surgery is 
universally required.
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