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ABSTRACT

Our understanding of anatomy minutiae, and the variations that exist 

between different individuals, is of increasing significance in a world of highly 
precise surgical medicine. This review highlights the clinical significance 
of anatomical variations pertaining to palmaris longus, flexor digitorum 
superficialis, the median nerve and the superficial palmar arch.
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nations, with completely opposing PL absence rates, are geographically close, 
would lead me to believe that there is no evolutionary basis influencing these 
results, as selection pressures in both nations would be very similar. 

Primarily used in tendon grafts, the absence of PL was shown by Cetin et 
al [7] to not affect any of the movements associated with the hand; such 
movements included pinch and grip strength. PL is most frequently used 
to graft finger flexors, and the classification system proposed by Olewink et 
al2 can now be used to assess the risk of such repairs. With the necessary 
length and diameter, and ability to be removed without causing a pathology, 
PL satisfies all of the criteria to make it perfect for tendon harvesting. If a 
person presents with the bifurcating Type 2 PL, more tension will be placed 
on the tendon where it overlies the median nerve. This ultimately increases 
the risk of both median nerve injury and tendon splitting in these patients. 
Surgery to retrieve the PL tendon is now conducted such that ablation begins 
proximally in the wrist with incisions being made every 5cm to ensure the 
distal tendon is located such that it won’t cause nerve damage when finally 
removed through the proximal incision [8].  It is thus aberrantly clear that a 
detailed knowledge of the PL tendon-median nerve intersection is critically 
important when conducting a tendon harvesting operation.

THE ANATOMICAL VARIATIONS OF FLEXOR DIGITORUM 
SUPERFICIALIS (FDS)

With the presence of accessory tendons, muscle belly variations and atypical 
tendon connections, anatomical variations of FDS are frequently reported. 
The clinical significance of such variations depends on the nature of the 
abnormality. However, hand surgeon’s knowledge of these anatomical 
discrepancies is of particular importance in determining the course of action 
for patients who have suffered tendon injuries or are showing the characteristic 
sign of nerve entrapment. Larger than all other forearm muscles, the FDS 
marks the boundary between the superficial and deep layers of the forearm 
muscles. 

Categorising the anatomical variations of the FDS into five types, Elliot et 
al [9] described the evolutionary significance of FDS. The superficial flexor 
tendons in amphibians originate in the palm of their hand, along the course of 
our evolution this insertion point has migrated into the forearm. Elliot et al’s 
Type IV variation describes projection of the FDS muscle belly into the hand. 
This variation may thus be an evolutionary remnant from our amphibious 
ancestors. Other notable variations are Type II, when connections are present 
that link the tendons of FDS to the flexor retinaculum, and Type V. The 
Type V refers to any anatomical variation that is present in the compartment 
of the forearm. 

The clinical relevance of the Type IV extension of the FDS’s muscle belly into 
the hand relates to carpal tunnel syndrome surgery. This unexpected muscle 
belly may present as a soft tissue tumour or cause median nerve compression. 
Consequently, extension and flexion of the digits in patients with a type IV 
variation may result in intermittent symptoms of carpal tunnel syndrome, 
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INTRODUCTION

Our understanding of anatomy’s minutiae, and the variations that exist 
between different individuals, is of increasing significance in a world of 

highly precise surgical medicine. As a surgeon, you need to be aware that the 
generalized anatomy studied at medical school is not applicable to all patients. 
This variation has the propensity to affect methods used in surgery and the 
post-operative recovery for patients. My essay aims to explore the literature 
concerning just some of the clinically significant anatomical variations of the 
hand and forearm.

THE ANATOMICAL VARIATIONS OF PALMARIS LONGUS (PL)

PL lies superficially in the anterior compartment of the forearm, originating 
from the medial epicondyle and inserting distally onto the palmar 
aponeurosis. Morphological variability of PL is well documented owing to 
its routine harvesting in tendon reconstruction surgery. There is significant 
morphological variation at a population level, with 16% exhibiting unilateral 
and 9% showing bilateral absence of PL [1] in the UK. 

A 2017 study [2] was able to categorise PL into one of three different types 
based on two main factors; the ‘variations in its insertion [2] and the ‘tendon-
to-muscle length ratio [2]. This study noted that there were three variants in 
the insertions of the PL; Type 1 being normal i.e. from the medial epicondyle 
to the palmar aponeurosis. However, deviations from Type 1 are when the 
PL bifurcates distally so that the medial division inserts into the flexor 
retinaculum and the lateral division continues to insert onto the palmar 
aponeurosis; this was Type 2. Any other rare anomalies that couldn’t be 
classified as either Type 1 or 2 fell into the Type 3 category. The subtypes of 
PL are either A, B or C; where subtype A has a tendon to muscle ration of 
less than 1. Subtype B is when this ratio is 1-1.5 and subtype C is when the 
ratio is greater than 1.5. The Type 1 classification was predominant across all 
participants, with a 78.8% occurrence [2]. This most common variant of PL 
has been shown in other studies as well, with Mathew et al [3] finding 81.25% 
of cadavers having a Type 1 variation. 

Owing to their obscurity, I find some of the Type 3 PL variations extremely 
fascinating. Reverse PL, characterized by the long tendinous portion inserting 
onto the medial epicondyle of the humerus and the muscular belly onto the 
pisiform bone, was noted by Mathew et al. [3] Additionally, one specimen 
had a congenitally acquired additional accessory PL unilaterally. Bernardes 
et al [4] noted several case studies of Type 3 PL, the most notable of which 
was where, in one case, the distal tendon of PL passed beneath the flexor 
retinaculum to replace the flexor digitorum superficialis of the fourth 
phalanx. There was no functional deficit noted in this fourth phalanx by the 
patient before their death. Interestingly, there appears to be a geographical 
link to complete absence of PL, with particularly high absence rates in 
Turkish (63.9%) and Egyptian (50.8%) populations [5].  Low absence rates 
were reported by Gangata [6] in Ghanaian and Zimbabwean populations, 
with PL absence rates of just 3.1% and 1.5%6 respectively. The fact these 
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especially during flexion of the interphalangeal joint. I have found numerous 
reports of the Type V variation, most of which have been discovered during 
either surgery or cadaveric dissection. Elliot et al [9] noted that FDS had an 
accompanying muscle that arched over the median nerve anteriorly resulting 
in median nerve compression. Mainland [10] was the first to document such 
variation of FDS in 1927, noting that the fourth and fifth phalanx’s tendons 
attached to three separate muscles, two of which had their bellies in the 
forearm. Interestingly, this cadaver also had PL absent. I couldn’t find any 
literature concerning a possible correlation between anatomical variation of 
PL and FDS, however this would be an interesting area of research.

THE ANATOMICAL VARIATIONS OF THE MEDIAN NERVE

I have already alluded to the numerous anatomical variations associated with 
the median nerve in terms of its relation to muscles in the forearm. However, 
this section of my essay will explore the possible variations in the path of the 
median nerve through the carpal tunnel. Lanz [11] suggested that the median 
nerve’s tract falls into one of four classes. ‘Group I-variations of the course of 
the thenar branch; Group II-accessory branches at the distal carpal tunnel; 
Group III-high division of the median nerve; Group IV-accessory branches 
proximal to the carpal tunnel. [11] It is to be noted that these variations are 
all deviant from normal; a diagram of which is depicted below [Figure 1].

The relevance of these early findings in a clinical setting is that they 
compounded the significance of conducting carpal tunnel surgery of the 
median nerve from the ulnar side. This is due to the possibility of accessory 
branches of the median nerve emanating proximal to the flexor retinaculum; 
a possibility in the Group IV variation. The primary aim of approaching 
such surgery from the ulnar side is thus to reduce the risk of lacerating the 
variant branches of the ulnar nerve. Beris et al [12] conducted a review into 
the successfulness of releasing the transverse carpal ligament in the treatment 
of a compressed median nerve. This procedure is widely performed and 
normally conducted without any complication. However, Beris et al noted 
that a major source of iatrogenic injury was caused by ‘an aberrant sensory 
branch arising from the ulnar side of the median nerve and piercing the 
ulnar margin of the transverse carpal ligament’ [12]. 3 out of 110 patients 
in this investigation expressed this abnormality. This study further confirms 
the importance of surgeon’s ability to recognise anomalous branches of the 
median nerve, and decompress them if necessary.

ANATOMICAL VARIATION OF THE SUPERFICIAL PALMAR 
ARCH (SPA)

The anatomy of the SPA has been extensively reviewed; the vast array of 
imaging techniques available to observe blood vessels make doing so 
relatively simple. Other than dissection techniques, angiography, Doppler 
studies and ultrasonography have all been used to advance our appreciation 
of the SPA’s normal and variant anatomies. Conventionally, the SPA is fed 
primarily by the ulnar artery, with contributory branches from the superficial 
palmar branches of the ulnar and radial arteries as well as arteria radialis 
indica. The first classification system for the SPA was put forth in 1897 [13], 
discrepancies between cadaveric specimens depended upon the presence 
or absence of communication between the vessels contributing to the SPA 
and its distal branches. This method of classification is still in use today; a 
1928 study [14] reported seven variations in the branching of SPA. 77.3% of 
specimens had four common digital arteries, the first of which supplying the 
ulnar portion of the thumb and the radial portion of the index finger. The 
remaining three branches supplied the spaces between the remaining medial 

fingers. A further classification of the SPA is in terms of whether or not it is 
‘complete’; this is based on the presence or absence of anastomosis between 
constituting vessels. An incomplete SPA would exhibit no anastomosis 
between the superficial palmar branches of the radial and ulnar arches. 

Such mechanisms of classification hold immense importance in improving 
the success of microvasculature procedures for reconstructive hand surgery. 
A 1993 investigation [15] revealed an occurrence of ‘incomplete’ SPA in 4.2% 
of patients. The incomplete SPA results in an increased risk of ischaemia 
in the distal hand post trauma, thus advanced examination of the patient’s 
hand vascular is of great clinical use in preparation for reconstructive surgery. 
Furthermore, cannulation procedures, including transradial angiography, 
increase the risk of ischaemic damage when the SPA is incomplete.

CONCLUSION AND REFLECTION

This review has explored four aspects of anatomical variation relating to the 
medial aspect of the forearm and hand. Whist many variations are rare; as 
a clinician it is of critical importance to have awareness that not all patients 
are anatomical clones. As such, especially in the case of surgery, appreciating 
that there may be abnormal anatomy can help to improve the outcome for 
patients and reduce the risk of iatrogenic complications. 
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Figure 1) Regular branching of the median nerve [11].
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