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Morphometry of abductor pollicis 
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SUMMARY
The thumb is considered a marvelous piece of 

machinery, performing many versatile functions. 
The thumb is more prone for external injuries 
apart from the other pathologies which comprises 
about 5% of the emergencies treated. The external 
injuries can be treated by several reconstructive 
procedures such as tendon graft, tendon transfer 
etc., for which the abductor pollicis tendon 
can be used. Hence it is essential to know the 
morphometry and anatomical variations of 
abductor pollicis longus. 28 freshly embalmed 
human cadavers of both genders, which included 
55 upper limbs, were dissected. The length, 
thickness, variation in the number and insertion 
of the abductor pollicis longus tendon were noted. 
The overall length of the abductor pollicis longus 
tendon was 63.62 ± 13.74 mm. The thickness of 
the tendon at the proximal, middle and at the 
distal level of insertion were 1.15 ± 0.56 mm, 1.02 
± 0.49 mm and 0.89 ± 0.48 mm respectively. No 
significant morphometric differences of length 
and thickness were observed between genders 
and between right and left side at distal level, 
whereas statistically significant difference exist 
at the proximal and middle level between the left 
and the right side. The results obtained from this 
study regarding the variations and morphometry 
of the abductor pollicis longus may be helpful 

for the surgeons in the various reconstructive 
procedures of the hand.
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INTRODUCTION
The abductor pollicis longus (APL), is one of the 

extrinsic muscles of the thumb, which provides 
dynamic stability to it (Tsiouri et al., 2009; 
Biant, 2016; Hirschmann et al., 2014). Variation 
in the APL tendons has been implicated in the 
development of de Quervain’s tenosynovitis. 
Inadequate release of multiple tendons of APL in 
the extensor compartment of the wrist may result 
in the reoccurrence of de Quervain’s tenosynovitis 
(Kulthanan and Chareonwat, 2007). Variable 
insertion of the accessory slips of APL have 
been implicated in the development of thumb 
carpometacarpal joint arthritis or subluxation 
(Bravo et al., 2010; Schulz et al., 2002). But at the 
same time the additional slips have been used as 
grafting material for various tendon reconstruction 
surgeries (Bravo et al., 2010).  Although the APL 
muscle and its variations have been studied 
since long, all these studies were done in western 
populations (Stein, 1951; Coleman et al., 1953; 
Jackson et al., 1986; Oudenaarde, 1991; Khoury 
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et al., 1991; Brunelli and Brunelli, 1991; Godwin 
and Ellis, 1993; Bravo et al., 2010; El-Beshbishyet 
and Abdel-Hamid, 2013). Only a few studies have 
been carried out and there is paucity of knowledge 
regarding the variation of APL muscle, tendon and 
its dimension in the Indian literature (Joshi and 
Joshi, 2002; Tewari et al., 2015; Roy et al., 2012). 
The main objective of the present study is to find 
the incidence of variation in the APL muscle belly 
and the tendon, and also to document the detailed 
measurements of the APL tendon. 

MATERIALS AND METHODS
The study was done in the department of 

anatomy, JIPMER, Puducherry from July 2016 
to May 2018, after getting approval from the 
postgraduate research monitoring committee 
and the ethical clearance from the institute ethics 
committee. Twenty-eight formalin-fixed adult 
human cadavers of both genders available for 
undergraduate dissection in the Department of 
Anatomy, JIPMER, were taken up for the study. 
All embalmed cadavers without any damage 
were included in the study whereas, if there was 
any evidence of damage or loss of tissue in the 
region of the thumb, distal forearm and wrist were 
excluded. The right thumb of one of the female 
cadavers was amputated previously, hence a total 
sample of 55 upper limbs was included in the 
study.

The upper limb of the cadaver was kept abducted 
at the shoulder joint and in the supine position. 
The thumb was kept in extended position and the 
dissection was carried out. The distal forearm and 
hand were dissected in the dorsal aspect. The APL 
tendon inserted into the thumb was identified 
and traced backward. The course of the tendon 
and the muscle belly was traced by opening the 
first extensor retinaculum. Variations in the 
attachment of muscle, number of tendons and 
its site of insertion were noted. After dissection, 
the thumbs were photographed using a digital 
camera. Length of the tendon was measured 
from the distal end of the muscle fiber to the site 
of insertion of the tendon. The thickness of the 
tendon was measured at three places as follows: 
proximal— just after the ending of the muscle 
fibers at musculotendinous junction; middle—

at the middle of the first dorsal compartment; 
and distal— just before its insertion. All the 
measurements were taken using mitutoyo digital 
Vernier caliper to the nearest millimeters (mm) 
by one single investigator.  The results were 
expressed in range, mean, standard deviation 
and inter-quartile range. In case of multiple slips, 
the mean of the measurements of the multiple 
tendons were calculated for each hand and then 
compared between the left and right hands 
of matched pairs (27 hands). All relevant data 
were recorded and analyzed using IBM_PASW 
STATISTICS ver. 19.0 (SPSS ver 19.0). For left- 
and right-side comparison of the mean of the 
abovementioned quantitative variables, paired 
t-test (normal distribution) or Wilcoxon signed-
rank test (non-normal distribution) were used. 
And for comparison between genders independent 
student t-test (normal distribution) and Mann 
Whitney U test (non-normal distribution) were 
used. 

RESULTS
The APL muscle was present in all of the 

dissected hands (55 hands). The muscle was 
found to be fused with the extensor pollicis brevis 
(EPB) muscle to a variable degree from its origin 
until it gives rise to tendons in 54 hands. In one 
hand the EPB muscle belly and the tendon was 
absent, so an independent APL muscle belly was 
seen in this case (Fig. 1d). But in other 54 hands, 
an identifiable fascial plane separating both the 
APL and EPB muscle was found at least in the 
distal end of the muscle fiber. Hence no separate 
or distinct APL muscle belly was seen in 98% (54 
hands). There was also no additional APL muscle 
belly. 

Single APL tendon was not observed in any of 
the dissected hands. The number of APL tendons 
observed ranges from two to six (Fig. 1). The 
frequency distribution of number of APL tendon 
in each hand is given in Fig. 2.

The APL tendon inserts into the base of the 
first metacarpal in the majority of hands. Some 
of the tendons also get inserted into the thenar 
muscle (Fig. 3a), into the trapezium (Fig. 3b), 
part of tendon into the trapezium and partly into 
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the thenar muscle (Fig. 3.c), and sometimes it 
also gets inserted partly into the base of the first 
metacarpal and the remaining into the thenar 
muscle (Fig. 3d). In one hand where the EPB 
muscle and the tendon was absent, it was found 
that one of the five tendons of the APL muscle 
inserted into the base of the proximal phalanx 
instead of the normal EPB tendon (Fig. 1d). The 
frequency distribution of APL tendon based on 
the site of insertion is given in Fig. 4.

More than one APL tendon was present in 100% 
of the dissected hands (55 hands). Hence in total 
186 tendons, measurements were taken up for 
the analysis. The overall length and thickness 
of the APL tendon is provided in Table 1. The 
average of the measurements such as length of 
the APL tendons and thickness of the tendons 
at proximal, middle and distal level showed no 
significant difference between male and female 
(Table 2).

Fig. 1.- Variation in the number of APL tendons.  a. Two, b. Three, c. Four, d. Five APL tendons. In figure d 5 independent APL muscle belly with absent 
EPB muscle belly and APL tendon number 5 attached to the base of the proximal phalanx instead of EPB tendon. APL - Abductor Pollicis Longus; EPB 
- Extensor Pollicis Brevis.
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Fig. 2.- Distribution of number of abductor pollicis longus tendon per hand.

Fig. 3.- Variation in the insertion of APL tendons. a. Insertion of tendon 1 into thenar muscle. b. Insertion of tendon 1 into the trapezium. c. Insertion 
of tendon 1 partly into the thenar muscle and partly into the trapezium. d. Insertion of tendon 1 partly into the thenar muscle and partly into the 
metacarpal.  APL - Abductor Pollicis Longus; EPB - Extensor Pollicis Brevis; EPL - Extensor Pollicis Longus.



	 Dhivyalakshmi Gnanasekaran et al

129

Table 1. Overall length and thickness of the abductor pollicis 
longus tendon (mm); (Minimum, maximum, mean ± standard 
deviation) n=186 tendons.

S.no Parameters Minimum Maximum
Mean ± 
Standard
deviation

1 Length of the 
tendon 40.68 98.47 63.62 ± 

13.74

2

Thickness of 
the tendon at 
the proximal 
level

0.26 3.52 1.15 ± 
0.56

3

Thickness of 
the tendon 
at the middle 
level

0.31 2.85 1.02 ± 
0.49

4
Thickness of 
the tendon at 
the distal level

0.39 3.53 0.89 ± 
0.48

Table 2. Comparison of length and thickness of the abductor 
pollicis longus tendons between the genders (mm); Median 
(Interquartile range); n = 186 tendons; All the parameters 
measured showed non-normal distribution. Mann-Whitney U 
test was applied for statistical analysis.

S. 
No. Parameters Male 

(127 tendons)
Female 
(59 tendons)

1 Length of the tendon 59.4 (17.27) 66.40 
(28.86)

2
Thickness of the 
tendon at proximal 
level

1.11 (0.80) 1.02 (0.63)

3
Thickness of the 
tendon at the middle 
level

0.88 (0.63) 0.97 (0.60)

4 Thickness of the 
tendon at distal level 0.69 (0.44) 0.74 (0.45)

The mean length of the APL tendon measured 
in the left side (94 tendons) and right side 
(92 tendons) was 65.22 mm and 61.50 mm. 
The thickness of the tendons measured at the 
proximal, middle and distal level on the left side 
were 1.23 mm, 1.08 mm, 0.91 mm and the same 
measured on the right side were 1.06 mm, 0.95 
mm and 0.86 mm respectively.

The average of the measurements related 
to the APL tendons were compared between 
the matched pairs (27 hands). No significant 
differences were observed between the left and 
the right side related to the measurements such 
as length of the tendon and the thickness at distal 
level. But there exists significant difference in the 
thickness of the tendon at proximal and at middle 
level between the left and the right side (Table 3).

DISCUSSION
The present study involved dissection of 55 

upper limbs to study the APL muscle. Out of 
these 55 limbs, the independent APL muscle was 
seen in only one of the dissected hands whereas 
the muscle was found to be fused with extensor 
pollicis brevis muscle to a variable extent in the 
remaining 54 hands. Fabrizio and Clemente 
(1996) observed variation in the APL muscle 
belly in 30% (15 out of 50 hands) of dissected 
hands. In all of these hands, an additional APL 
muscle belly was found to arise from the lateral 
aspect of distal portion of normal APL muscle 

Fig. 4.- Distribution of abductor pollicis longus tendon based on the site of insertion.



130

Morphometry of abductor pollicis longus

(Fabrizio and Clemente, 1996). In another study, 
two independent APL muscle bellies were found 
in 20% (16 out of 78 hands) (Bravo et al., 2010). 
Rarely, the APL having three independent muscle 
bellies have also been documented in the literature 
(Sarikcioglu and Abdel-Hamid, 2004). While in 
the other study, the APL muscle was identified 
with two muscle bellies with each one giving rise 
to an independent tendon. Of these two tendons, 
one tendon was inserted into the first metacarpal 
and the other tendon again split into three to 
insert into the abductor pollicis brevis, opponens 
pollicis, and flexor pollicis brevis muscles. The 
tendon slip inserted into the abductor pollicis 
brevis was described to have acquired muscular 
characteristics before insertion (Yuksel et al., 
1992). Brandsma et al. (1996) suggested that such 
insertion of the APL into the abductor pollicis 
brevis can be considered a digastric muscle (one 
long muscle with two bellies).

Table 3. Comparison of mean length and thickness of the 
abductor pollicis longus tendon between paired limbs (mm); 
[Mean ± Standard deviation/ Median (Interquartile range)].    * 
paired sample t-test; # Wilcoxon signed-rank test was applied 
for statistical analysis.

S. 
No. Parameters Left (27 

hands)
Right (27 
hands)

p-val-
ue

1
Length of the 
tendon * 67.59 ± 11.0 65.6 ± 14.10 0.45

2

Thickness of 
the tendon at 
the proximal 
level *

1.24 ± 0.28 1.08 ± 0.29 0.04

3

Thickness of 
the tendon at 
the middle #

1.19 (0.43) 1.01 (0.27) 0.02

4

Thickness of 
the tendon 
at the distal 
level #

0.95 (0.51) 0.89 (0.30) 0.76

In our study, single APL tendon was not seen 
in any of the dissected hands, similar to El-
Beshbishy and Abdel-Hamid (2013). Two tendons 
were observed in 31%. Three tendons and four 
tendons were observed in 25% each. In 11% five 
tendons were observed and six tendons in 7% of 
the dissected hands. Variations in the number 
of the APL tendons were reported to be ranging 
from one to six in numbers. Some studies have 
even reported up from seven to nine APL tendon 

slips (Sarikcioglu and Yildirim, 2004; Mansur et 
al., 2010). The incidence of the number of APL 
tendon slips in various studies is given in Table 
4. Melling et al. (1996) stated that multiple slips 
of APL are also observed in other primates like 
gorillas and gibbons, suggesting the possibility of 
APL being an atavistic structure in humans.

Regarding the insertion of APL tendon, it was 
observed from this study that APL tendons 
inserted most commonly into the base of the first 
metacarpal bone (66%), similar to other studies. 
And insertion of the tendons into the trapezium 
was seen in only 19% in the present study, which 
is similar to the study by Roy et al. (2012). Tewari 
et al. (2015) reported such type of insertion was 
seen in 41% and on the other hand Khoury et 
al. (1991) could see it in 6% only. Brunelli and 
Brunelli (1992) opined from their cadaveric study 
that absence of insertion of the tendon into the 
trapezium should be regarded as normal as it was 
seen in 71% cases. It was claimed that absence 
of insertion into the trapezium could result in 
instability and arthritis of the trapeziometacarpal 
joint (Brunelli and Brunelli, 1992). Abnormal 
insertion of all four slips of APL into the fascia of 
APB muscle has resulted in laxity and recurrent 
subluxation of the trapeziometacarpal joint 
(Martinez and Omer, 1985). In the present study 
no insertion of the tendons into the thenar 
fascia was seen. Apart from insertion of the 
APL muscle into the base of first metacarpal, 
variable insertion site of these accessory tendons 
has been reported in the literature. Additional 
insertion sites of the APL tendon documented 
in the literature were the trapezium bone, the 
opponens pollicis or the abductor pollicis brevis 
muscle. Few cases have reported about insertion 
into the flexor pollicis brevis muscle, the scaphoid 
bone, fascia covering the thenar muscle, capsule 
of the trapeziometacarpal joint, anterior oblique 
ligament of this joint capsule and thumb proximal 
phalanx’ base. Rarely, it was documented to 
insert into the wrist extensor retinaculum 
(Sarikcioglu and Yildirim, 2004, Kocabiyik et al., 
2009). The tendons of the APL were considered to 
stabilize the carpometacarpal joint of the thumb 
(Fabrizio and Clemente, 1996). Sometimes the 
distal extension of APL muscle belly into the first 
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extensor compartment produces painful thumb 
and wrist on movement (Patel et al., 1988). In 
our study no such extension of APL muscle belly 
into the extensor compartment was observed. 
The variations in the site of insertion of the APL 
tendon in various studies are given in Table 5.

The embryological reasons of multiple slips 
and its variable distal attachments could be due to 
persistence of an early embryonic developmental 
state of APL muscle. In a human embryo with a 
crown-rump length of 20 mm the differentiating 
APL tendon is divided into three strips; the palmar 
slip blended with the opponens pollicis, middle 

inserts into the trapezium and the dorsal into the 
base first metacarpal. Later, when the crown-rump 
length becomes 60 mm various new connections are 
established between the palmar strip and adjacent 
abductor pollicis brevis meanwhile the connection 
with the opponens pollicis is lost. This supports our 
study as more than one APL tendons was observed 
in all the 55 hands (Tewari et al., 2015).

Only very few studies have measured the 
dimensions of the APL tendons and they followed 
different methodology. There was difference 
in the grouping of the APL tendon slips. El-
Beshbishy and Abdel-Hamid (2013) classified 

Table 4. The incidence of the number of abductor pollicis longus tendon slips in various studies.

Number of tendons 
(Percentage)

Jackson 
et al., 
1986, 
Texas & 
Toledo 
300 hands

Oude-
naarde, 
1991, 
Nether-
land, 84 
hands

Khoury 
et al., 
1991, 
France, 
54 
hands

Brunel-
li & 
Brunelli, 
1991, 
Italy, 100 
hands

Bravo 
et al., 
2010, 
Spain, 
78 
hands

Roy 
et al., 
2012, 
India,
86 
hands

El-Besh-
bishy & Ab-
del-Hamid, 
2013, Saudi 
Arabia, 50 
hands

Tewari et 
al., 2015, 
India, 50 
hands

Present 
study

1 27.67 7.14 24.1 2 15 38.37 0 4 0

2 60.33 23.81 55.1 2 73 58.14 40 62 31 

3 9.67 34.52 18.5 13 8 2.33 34 16 25.5

4 2 20.24 1.9 30 4 1.16 18 16 25.5

5 0.33 11.90 - 49 - - 4 0 11

6 - 2.38 - 4 - - 4 2 7

Table 5. Comparison of variation in the site of insertion of abductor pollicis longus tendon with other studies. APL - Abductor 
Pollicis Longus; AAPL - Accessory Abductor Pollicis Longus.

Site of insertion (Percentage)

Khoury et 
al., 1991, 
France, 54 
hands

Joshi and 
Joshi, 2002, 
India, 50 
hands

Bravo et al., 
2010, Spain, 78 
hands

Roy et 
al., 2012, 
India, 86 
wrist

Tewari et 
al., 2015, 
India, 50 
hands

Present 
study, 
India, 55 
hands

APL APL AAPL APL AAPL AbPL APL APL

Base of the first metacarpal 71. 2 100 - 98.72 1 60.14 53.97 66.66

Thenar muscle 22.7 - - 1.28 - - - 7.5

Thenar fascia - - 20 - - - 2 -

Trapezium 5.9 - 30 - 41 22.38 41.27 19.4

Abductor pollicis brevis - - 44 - 22 12.59 - -

Opponens pollicis - - 16 - 5 3.49 3.17 -

Both trapezium and thenar 
muscle - - - - 15 - - 4.3

CMC joint - - - - - 1.40 - -

Partly into the base of meta-
carpal and partly into thenar 
muscle

- - - - - - - 1.6

Base of the proximal phalanx
- - - - - - - 0.54



132

Morphometry of abductor pollicis longus

the tendon slips into two groups. Those tendons 
that were lying adjacent to the EPB muscle were 
regarded as normal APL tendons (lateral group), 
while other tendons lying medially were regarded 
as the accessory tendons (medial group) (El-
Beshbishy and Abdel-Hamid, 2013). Bravo et al. 
(2010) considered that the tendon slips radial 
to the main APL tendon and lying close to the 
EPB as the accessory ones. Bravo et al. (2010) 
measured the thickness and width of the main 
and accessory tendons at its insertion site. We 
could not compare our study results related to the 
tendons dimension with that of Bravo et al. (2010) 
and of El-Beshbishy and Abdel-Hamid (2013). 
Melling et al. (1996) suggested that the number, 
thickness and length of the accessory tendons of 
APL and EPB might have an important function in 
the development of de Quervain’s disease.

Therefore, the knowledge of anatomical 
variations, arrangements, and prevalence of the 
multiple tendons of APL is of utmost importance 
for the physicians and surgeons to diagnose and 
treat various clinical conditions arising out of 
it, for repairing the injured tendons and during 
reconstructive surgery involving tendon transfer, 
tendon graft etc.
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