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Abstract
Purpose Two most common variations of flexor pollicis longus include its accessory head and its connection with the flexor 
digitorum profundus of the index (Linburg–Comstock variation). In addition, while three-dimensional (3D) screening has 
widely been used in anatomical education, its use as reporting tool in anatomical research is still limited. The objective of 
this study is to report a previously unrecognized form of the accessory head of flexor pollicis longus, discuss the potential 
etiology of Linburg–Comstock variation, and pilot the 3D scanning of a large-scale anatomical structure.
Methods An unusual tendon slip was discovered during a routine dissection in the anterior compartment of the right forearm 
of a 54-year-old male cadaver. A 3D scanner was used to capture the surface topography of the specimen and an interactive 
portable document format (PDF) was created.
Results An anomalous tendon was found originating from the lateral aspect of the flexor digitorum profundus muscle. This 
variant tendon then inserted onto the medial surface of the flexor pollicis longus tendon before entering the carpal tunnel. 
The variation resembles a reverse form of Linburg–Comstock variation, because pulling this variant tendon resulted in 
simultaneous flexion of the interphalangeal joint of thumb.
Conclusion Surgeons should be aware of the reverse Linburg–Comstock variation, because it may not be detectable by the 
conventional provocative testing. Linburg–Comstock variation may be classified as an anatomical variant or a secondar-
ily acquired condition depending on its type. Our demonstration of interactive 3D-PDF file highlights its potential use for 
delivering anatomical information in future cadaveric studies.

Keywords Flexor pollicis longus · Flexor digitorum profundus · Linburg–Comstock variation · Anatomical variations · 3D 
scanning · 3D visualization · Surface rendering

Introduction

First described by Linburg and Comstock [15], Lin-
burg–Comstock variation (LCV) is the connection between 
the tendon of flexor pollicis longus (FPL) and the flexor 
digitorum profundus of the index finger (FDP-I) which can 
be between the tendons themselves, their tendon sheaths or 
even muscle bellies [11]. This variation is present in around 
21% (5.6–58.7%) of the general population [23]. Individuals 
with LCV are able to simultaneously flex the distal inter-
phalangeal joint of the index while actively flexing the distal 
phalange of the thumb [14]. Although this variation remains 
asymptomatic in most cases, it may cause disability and pain 
in some individuals, which may require surgical exploration 
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and excision. In case the variation is symptomatic, the term 
“Linburg–Comstock syndrome” may be used to described 
the condition [23]. The LCV typically takes proximal ori-
gin from the FPL, which then distally joins the medial side 
of the FDP-I tendon. In rare cases, multiple FDP tendons 
may be involved including those of the middle and ring fin-
gers [15, 25]. The reverse form of the LCV, in other words, 
the LCV running from the FDP to the FPL has never been 
reported. Also, despite numerous studies [23] examining the 
anatomy and prevalence of LCV, the etiology of all three 
types of LCV has never been considered.

Three-dimensional (3D) scanning is increasing becom-
ing an integrable part of anatomy education, because 3D 
anatomical models are more educationally effective in terms 
of spatial and factual knowledge [24]. The scanned mod-
els can be provided electronically, which allows users to 
move, rotate and magnify in the closest way possible to real 
specimens [1, 8]. One fundamental benefit of electronic 3D 
models is they can provide alternative resources to learners 
who may otherwise not have access to original specimens, 
especially amid the COVID-19 pandemic where online 
anatomy courses are inevitable [7]. These models can be 
embedded into a portable document format file (PDF) creat-
ing interactive 3D-PDF files [1]. Although the use of these 
interactive 3D-PDF files is not yet widely adopted, a recent 
review identified embedded 3D content in more than 200 
articles across various disciplines either as a dedicated figure 
or as an external link [17]. Despite potential opportunities 
that 3D-PDF technology offers especially in anatomical edu-
cation and other research fields, its potential for presenting 
interactive anatomical information in the scope of anatomi-
cal research has been little explored.

In the present study, we report a unique tendon slip run-
ning from the FDP muscle belly to the FPL tendon. This 
unique tendinous variant resembles a reverse configuration 
of the LCV. Possible etiology of the LCV is also discussed 
in detail. In addition, an interactive 3D-PDF of our finding 
was created to illustrate the potential use of 3D-PDF for 
presenting anatomical information in future dissection-based 
anatomical studies.

Materials and methods

Dissection and preparation

During a routine dissection at the Department of Anatomy, 
Faculty of Science, Mahidol University, an anomalous ten-
don was found in a right forearm a 54-year-old male cadaver 
(Fig. 1). Its morphology, origin and insertion were carefully 
inspected. There were no other variations in both limbs. No 
other notable anomalies were found in the body. The dis-
section was carried out by the authors. Informed consent 

of body donation was obtained from the donor in advance, 
and no ethical approval was required for this type of study. 
Still images and video of the present case were captured 
using iPhone 12 Pro (Apple Inc., California, USA). Prior 
to 3D scanning, the cadaver was placed on the dissection 
table in the supine position with its right limb abducted at 
a 45-degree angle. Before scanning, glycerin preservative 
was wiped off from the specimen to create reflection-free 
surface. Dark green vinyl fabric was used as background.

Three‑dimensional scanning and creation of 3D‑PDF

The model of the 3D scanner was Einscan Pro purchased 
from Shining 3D Tech (Hangzhou, China). This scanner 
has a single shot accuracy of 0.05 mm. The surface topog-
raphy of the anterior compartment of the right upper limb 
was captured using fixed method where the scanner was 
mounted from above at a 45-degree angle with a distance 
around 12 cm from the specimen. No additional lighting was 
used. The light-emitting diode (LED) patterns were emit-
ted onto the specimen, while sensors detected the edge of 
the patterns. With trigonometric triangulation, the distance 
from the light source to the sensor can be calculated to cre-
ate a 3D construct. The 3D mesh was processed using the 
manufacturer’s software. Any unwanted parts were erased at 
this stage. The resulting model was then converted to poly-
gon mesh and was subsequently exported as an Object File 
(OBJ). The model underwent further editing using Blender 
(Blender Foundation, Amsterdam) before being exported as 
a Filmbox format (FBX), which was then further converted 
to Universal 3D format (U3D) using Filestar (Filestar AB, 
Saltsjö-Boo, Sweden). Adobe Acrobat Pro (Adobe Inc., 
California, USA) was used to create a rotatable PDF (Fig. 2 
and Supplementary File 1). 

Results

An anomalous tendon slip was observed in the anterior com-
partment in the right forearm (Fig. 1). This tendon variant 
arose from the radial side of the FDP muscle belly. This 
variant became tendinous around mid-forearm, and travelled 
distally between FDP and the FPL tendons (Fig. 1c). The 
variant tendon was located in the deep anterior compart-
ment of forearm and was positioned between the radial side 
of the FDP tendon and the ulnar side of the FPL tendon. 
The tendon width was approximately 2–3 mm throughout its 
length. The tendon was then inserted onto the medial surface 
of the FPL tendon before entering the carpal tunnel. Pulling 
the variant tendon produced flexion of the interphalangeal 
joint of the thumb (Supplementary Video 1). The lateral por-
tion of the FDP muscle belly also partly originated from the 
proximal one thirds of the radius. The FDP was innervated 
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Fig. 1  Dissection (a–c) and illustrative diagram (d) showing a vari-
ant tendon slip (*) originating from the FDP in the anterior compart-
ment of forearm of the right limb of a 54-year-old male cadaver. FPL 
flexor pollicis longus, FDP flexor digitorum profundus, MN median 
nerve, FCR, flexor carpi radialis, FCU flexor carpi ulnaris, FDS-II/

III flexor digitorum superficialis of second and third digits, RA radial 
artery. Black arrow heads indicate the origin of variant tendon from 
the FDP muscle belly. White arrow heads and the pink pins indicate 
the innervation from the anterior interosseous nerve over the origin of 
FDP from radius (colour figure online)

Fig. 2  The 3D-PDF demonstrating the variant tendon. Rotatable 3D-PDF is available as supplementary material
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a single branch from the anterior interosseous nerve of the 
median nerve (Fig. 1b). Rotatable 3D-PDF (Fig. 2) of the 
specimen is available in the supporting information (Sup-
plementary File 1).

Discussion

The present study reports an unusual tendinous slip running 
from the FDP muscle belly to the FPL tendon. To our knowl-
edge, no similar variant has been reported previously. Vari-
ations of the FDP tendons are rare and were only described 
by a few studies. Jain et al. [9] reported an accessory FDP 
tendon which bifurcated before joining the FDP tendons 
of the index and middle fingers. Macalister [16] described 
several variations of the FDP tendons such as an additional 
FDP slip to the FDS tendon of the little or index fingers, 
fourth lumbrical arising from the FDP tendon, its division 
into five slips, and a tendon joining the indicial part of the 
FDP similar to the LCV.

While this variant appeared to be an accessory tendon slip 
of the FDP, it may alternatively be viewed as an accessory 
head of the FPL or more commonly known as Gantzer’s 
muscle. Even though Gantzer’s muscle is typically asso-
ciated with the FPL, it is rarely associated with the flexor 
digitorum superficialis (FDS) or FDP [10, 19]. According 
to a meta-analysis [19], the accessory head of FPL takes 
origin from the medial epicondyle of the humerus (44%), 
coronoid process of the ulna (26%) or both (16%). In less 
than 1% of total cases, the accessory FPL originates from the 
flexor digitorum superficialis or muscular fascia [19]. The 
accessory head of FPL inserts onto the FPL tendon in 95% 
of all cases, while in the remaining 5%, it joins the FDP. An 
unrecognized structure from the FPL muscle belly accom-
panied by an accessory head of FPL has recently been found 
inserting into the distal FPL tendon [28]. Despite numerous 
studies investigating the variations of the FPL, an accessory 
tendon slip of FPL from the FDP as presented in our study 
has never been reported.

The tendinous variant presented in this study resembles 
a reverse configuration of the LCV. Generally, the LCV 
proximally arises from the FPL tendon before joining the 

FDP of the index finger distally. The connection can occur 
between the tendons themselves, the tendon sheaths or the 
muscle bellies [11]. Clinical test using three different thumb 
flexion motions is performed to detect the conventional form 
of LCV running from the FPL to the FDP-I [14]. However, 
this test was not designed to test the reversed LCV running 
from the FDP to FPL. Typically, when there is a simultane-
ous flexion of the distal interphalangeal joint of the index 
upon the thumb flexion, the test is accepted as positive. In 
case of reversed LCV, the aforementioned test may yield a 
fault negative as demonstrated in the present study (Sup-
plementary Video 1), because the connection would simply 
lax without producing flexion of the DIP joint of the index 
finger. To account for the possibility of a reversed LCV, we 
propose that the subject is asked to actively flex the DIP 
joint of the remaining fingers especially the index while the 
thumb is fully extended. This test may be recommended 
when there is restricted range of motion of the thumb and 
the conventional test for LCV is negative. Further in vivo 
studies should also be conducted to examine the presence 
of reversed LCV in wider population groups.

Despite a large body of research on LCV, its etiology 
remains inconclusive. While many studies recognized LCV 
as a vestigial structure [2], some believe it is secondarily 
acquired [21]. In our view, it is most probable that the etiol-
ogy of LCV is type-dependent (Table 1). According to its 
histological analysis [27], the fibrous LCV contains dense 
irregular connective tissue with numerous nuclei corre-
sponding to synovial hyperplasia. Such observation is in line 
with a recent clinical case reported by Tasche et al. [21], 
whereby the adhesion between FPL and FDP-I developed 
following a trauma, producing a manifestation similar to that 
of the LCV [21]. These findings lead to a plausible con-
clusion that fibrous LCV might be a secondarily acquired 
structure. 

Tendinous LCV may be a vestigial structure represent-
ing the connection between FDP-I and FDP of the thumb 
in some non-human primates. True FPL with distinct mus-
cle belly is only present in humans and hylobatids. Other 
non-human primates, however, have ancestral configuration 
whereby FDP inserts to the distal phalanges of all digits. 
Interestingly, in a dissection of young infant H. gabriellae 

Table 1  Classification of 
Linburg–Comstock variation 
and its possible etiology

Type Explanation Possible etiology

Fibrous Adhesion between FPL and FDP-I synovial sheaths [22] Acquired
Adhesion between FPL tendon sheath and the radial bursa 

containing the FDP-I tendon [7]
Acquired

Tendinous Vestigial form of FDP to the index [3] Vestigial
Accessory tendon slip from FDP to FPL (present study) Variation

 Musculotendinous Accessory first lumbrical muscle [27]  Variation
Vestigial form of FDP to the index [3] Vestigial
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species, a tendinous connection between FDP tendon that 
goes to digit one and the FDP tendon that goes to the index 
finger [3], similar to tendinous LCV. During the course of 
evolution, there was a selection pressure towards the inde-
pendent functionality of the thumb. This connection reflects 
the ancestral configuration where FPL and FDP were formed 
as a single structure [5]. All these data lead to a possible 
conclusion that tendinous LCV might be an evolutionary 
remnant rather than a secondarily acquired structure.

Musculotendinous type of LCV may be classified as an 
accessory anatomical variant or vestigial structure. Muscles 
of the upper limb originate from the somatic mesoderm 
around the fourth week of development. The flexor mass 
further develops into superficial and deep layers [6]. The 
deep layer gives rise to the FDP, FDS, FPL and the lum-
bricals. The incomplete cleavage of these layers is believed 
to be the cause of accessory or variant forms of these mus-
cles [10]. The case of musculotendinous LCV presented in 
Yurasakpong et al. [27] resembles to a great extent a vari-
ant lumbrical originating from the FPL, similar to previous 
reports [12, 13, 27]. With regards to its possible etiology, it 
was speculated that variants in the adult stage were found to 
be commonly expressed during the embryonic period [4], for 
example, the dorsometacarpales [4, 26], a group of primitive 
digital extensors. Recently, we discovered a variant extensor 
muscle which extended to all five digits in the deep exten-
sor compartment of forearm [20], similar to the extensor 
digitorum profundus complex found in non-human primate 
species [18]. These findings suggest the possibility that the 
musculotendinous LCV could be an accessory anatomical 
variant or a vestigial structure.

To our knowledge, the present work is the first study that 
uses 3D-PDF as a reporting tool in anatomical research. In 
anatomical research, 3D imaging allows for a more com-
plete and interactive representation of the specimen. It also 
ensures transparency of the reported finding, because 3D 
models are more difficult to manipulate when compared 
with conventional 2D images. There are two methods of 3D 
scanning including fixed scanning and handheld scanning. 
For fixed scanning, the scanner is mounted from a higher 
position, while the specimen is placed on a flat rotatable 
surface. This method was previously used to build 3D digi-
tal replica of fish chondrocranium and an amphibian skel-
eton with good retention of anatomical features and minor 
loss of fidelity [22]. Fixed scanning generally offers higher 
resolution but requires longer time than handheld scanning. 
Markers, or small stickers recognizable by the scanner, could 
be utilized as reference points to ensure accuracy in the 
measurement if handheld scanning was used. In this study, 
only the anterior side of forearm was scanned, because it 
was not possible to keep the structures of a thoroughly dis-
sected specimen in place. Preservatives such as glycerin may 
be problematic because of its glossy nature which causes 

unwanted reflection from the specimen itself. In our study, 
Adobe Acrobat Pro software was used to create an interac-
tive 3D-PDF. Alternatively, 3D-PDFs could be created in 
latex using media9 package as recently described by Azkue 
[1].

While 3D scanning appears to be a promising reporting 
tool in anatomical research, it is of course associated with 
a few limitations. 3D scanners are costly and may not be 
viewed as a necessity for most institutions. Qlone, a simpler 
and free cellphone application, has recently been used to 
produce 3D skeletal models for anatomy teaching, although 
improvements are still needed to better visualize deeply 
located structures [8]. Also, the unprocessed 3D images 
have to undergo further editing and format conversion that 
requires several software applications. Highly complex 
structures of the upper limb such as nerves and vessels 
could not clearly be delimited at this stage. Further studies 
are also needed to optimize the scanning to achieve higher 
resolution, accuracy and aesthetic quality, particularly for 
large-scale structures.

In conclusion, we report an anomalous tendinous connec-
tion running from the FDP muscle belly to the FPL tendon, 
which resembles a reverse form of the LCV. Despite future 
improvements, our study indicates that 3D-PDF technology 
is a promising tool for presenting interactive anatomical 
information and offers a potential new standard for cadaveric 
studies in the future.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00276- 021- 02858-8.
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