
ABSTRACT 

Purpose: Anomalies of the first extensor compartment are widely present in patients presenting with De Quervain’s teno-
synovitis (DQT) and require surgical release of the wrist tendons. The aim of this study was to test the hypothesis that such 
patients exhibit significantly more anatomical alterations in the first extensor compartment, the abductor pollicis longus 
(APL) tendons and the extensor pollicis brevis (EPB) tendons in comparison with the general population using cadavers. 
Methods: A cross-sectional study was conducted during the period January 2013 to May 2014 in which anatomical vari-
ations identified in the first extensor compartments of the wrists of 101 DQT patients who had undergone tenolysis were 
compared with those detected in the wrists of 65 cadavers without DQT determination.
Results: The occurrence of septation in the first extensor compartment was observed in 62.4% of the DQT group (64/101). 
Supernumerary APL tendons were present in 86.1% of DQT patients (87/101), whereas double EPB tendons occurred 
in seven patients. In one patient, the EPB tendon was absent. In the cadaveric group, 21.5% (14/65) of the anatomical 
specimens exhibited double tunnel in the first extensor compartment, while supernumerary APL tendons occurred in 52.3% 
(34/65) of the wrists. No anatomical variations in the EPB tendon were observed in the cadaveric group.
Conclusion: The predominance of the septated first extensor compartment and the presence of supernumerary APL ten-
dons observed in the DQT group indicated that these anatomical variations may be associated with the syndrome. Such 
anomalies tend to be less common in the general population and are, presumably, asymptomatic.
Clinical relevance: As septation of the first extensor compartment and multiple APL tendons appears to represent risk fac-
tors for the development of DQT, prior knowledge of the frequency of such anomalies may assist surgeons in pre-operative 
evaluation and perioperative procedures. 
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Introduction
De Quervain’s tenosynovitis (DQT) is a painful 

condition involving inflammation of the sheath around 
the abductor pollicis longus (APL) and the extensor 
pollicis brevis (EPB) tendons involved in movement of 

the thumb. This ailment can affect anyone independ-
ent of age and sex, [1-3] most particularly when pro-
vocative overuse mechanisms are present like, for ex-
ample, in the case of volleyball players [4]. However, 
the condition appears to be significantly more frequent 
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ABSTRACT 

Background: Distal fingertip amputations with exposed bone is challenging for the surgeon to manage. In order to re-
construct a good sensate pulp with appropriate closure, various flaps are advocated in the literature. Of these, palmar 
advancement flap, first described by Moberg in 1964, comprises one of the most popular options. 
Methods: Thirteen patients (11 male, 3 female) with fingertip injuries were operated. Following the elevation of Moberg 
flap, proposed modifications were carried out. Joint mobility and pulp sensitivity were recorded as well and advancement 
scores were noted before and after the modification. These scores were assessed statistically. 
Results: No complications were noted and there was no need for additional surgery. Excellent joint mobility and pulp 
sensitivity were maintained. This modification showed a statistically significant improvement in the advancement (p<0.05). 
Conclusions: Moberg flap is a good option for the closure of fingertip defects. Some simple modifications, as described in 
here, can enhance the advancement while securing the entire advantages of the flap.
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A Simple Modification
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Introduction
The hand is a unique part in the body in and plays 

important and often irreplaceable functions. In the in-
dustrialized world, occupational hand injuries need to 
be healed as soon as possible. Meanwhile, several heal-
ing techniques with various options are being applied 
to hundreds of thousands of patients by experienced 
practitioners. 

Unlike other hand injuries, fingertip amputations 
need additional attention in order to establish a normal 
pulp sensibility and maximum range of motion, and 
like others to maintain the upmost level of hand func-
tioning.

In 1964, the volar advancement flap was first de-
scribed by Moberg for the reconstruction of pulp de-
fects of the thumb (1). This flap is a pedicled advance-

ment flap proximally based on an intact skin pedicle 
including both neurovascular bundles. This technique 
establishes a successful neurosensation of the pulp with 
a limited advancement as well. However, a simple mod-
ification as described here, and never been reported 
elsewhere, can enhance additional advancement.

Patients and Methods
The study was performed with informed consents 

obtained from all participants.
Technique
Thirteen patients (11 males, 3 females) with fin-

gertip injuries were operated under regional anaes-
thesia. Palmar advancement flap was raised over the 
parathenon (1) (Figure 1a). Both neurovascular bun-
dles were included in the flap so that neurosensible 
coverage is accomplished (Figure 1b). To increase the 
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in women in their fifth and sixth decades of life and in 
pregnant or lactating women. Furthermore, race con-
stitutes a risk factor for DQT since African Americans 
are more affected (ratio of 1.3:1000) than Caucasians 
(ratio of 0.8:1000) [1,3].

The causative factors for DQT are repetitive stress 
through thumb abduction and ulnar deviation of the 
wrist, acute angle to the extension of the tendons, 
increased anatomical angle of tendons in women, 
anatomical variations,including aberrant tendons or 
subdivision of the first extensor compartment, and 
secondary lymphedema. Various theories attempt to 
explain the etiology of the disease in terms of increased 
frictional force or biomechanical compression, repeti-
tive microtrauma, inflammatory conditions, the pres-
ence of anatomical variations and physiologically in-
creased volume caused by pregnancy [1].

The purpose of this investigation was to test the hy-
pothesis that DQT patients undergoing surgical release 
of the tendons present significantly more anomalies in 
the first extensor compartment than the general popu-
lation. For this purpose, the frequencies of occurrence 
of septated first extensor compartments and multiple 
APL and EPB tendons in DQT patients submitted to 
tenolysis with those established in the general popula-
tion represented by a sample of human cadaveric wrists 
were compared. Important novel features of this study 
including the size of the DQT group being significant 
and that the cadaveric wrists were derived from a Bra-
zilian population presenting mixed ethnic-racial char-
acteristics.  

Materials and Methods
Details of the project were submitted to and 

approved by the Ethical Committee (protocol no. 
08554713.2.0000.5149), and the study was conducted 
according to the principles of the Declaration of Hel-
sinki. The aims and objectives of the investigation were 
explained carefully to all potential participants, and 
those interested in taking part in the study were invited 
to read and sign the informed consent documents.

The cross-sectional study was conducted during 
the period from January 2013 to May 2014 and in-
volved 101 DQT patients that had been unresponsive 
to conservative treatment, subsequently submitted 

to surgical release of the tendons. The diagnoses were 
clinical via the Filkenstein test, Eichoff test and entrap-
ment APL test.

Initially, all patients in the test group were provided 
with conservative treatment, which consisted of avoid-
ing misuse during ulnar activities for a period of 30 to 
60 days to attempt to resolve the symptoms associated 
with the immobilization of the wrist and thumb. No pa-
tients were given steroid injections. All patients in the 
test group signed an informed consent. There was no 
exclusion in this study.

The same surgical team carried out analogous pro-
cedures on all patients from the DQT group (Figures 
1A and 1B) and recorded the first extensor compart-
ment anomalies and tendon multiplicities detected 
during surgery. The data obtained were compared with 
those associated with a general population represented 
by 65 cadaveric wrists, supposedly without DQT, pro-
vided by the Laboratory of Anatomy of the School of 
Medicine during the period from March to May 2014. 
A single examiner was responsible for dissecting the ca-
davers (Figure 1C) and for determining the numbers of 
APL and EPB tendons as well as the presence of septa-
tion in the first extensor compartment. 

In order to study the relationship between EPB, 
APL and number of tunnels in the control and DQT 
groups, a statistical test type comparative cross-sec-
tional cohort analysis was performed. To compare the 
variables in the healthy and diseased groups, the Mann-
Whitney non-parametric test was conducted based on 
the discrete nature of the data. The software R (Foun-
dation for Statistical Computing, Vienna, Austria) was 
used to carry out the test.

The recommended sample size formula [5] con-
siders α as the value that corresponds to the Type I er-
ror in the standard normal table, β corresponds to the 
Type II error in the standard normal table, σ² the vari-
able variance and d the sample error. The Type I error 
was defined as 0,05 and the Type II error was defined 
as 0,10. Both are conservative values from the litera-
ture. The variance was calculated in the pre-test data 
as well as the sampling error, defined by the difference 
between the means of the DQT and control groups for 
a variable.
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Results 
The DQT group comprised 82 females (81.2%) 

and 19 males (18.8%), while the cadaveric wrists origi-
nated from 13 female (20%) and 32 male (49.2%) ca-
davers. This gender difference was a result of the avail-
ability of cadavers in the institution. The ages of the 
DQT group ranged between 26 and 88 years with a 
median of 54 years and a mean of 53.63 years (± 13.84 
years standard deviation). 

The sample size was calculated for each of the vari-
ables in this study, and only the largest was considered 
to guarantee statistical significance. The sample size 

Figure 1. (A) Surgical procedures performed on the wrists of patients 
presenting with DQT. (B) Surgical procedures performed on the wrists 
of patients presenting with DQT. (C) Dissection of cadaveric wrists.

Figure 2. Percentage distributions of: (A) Single and multiple first ex-
tensor tunnels (FET); (B) Single and multiple abductor pollicis longus 
(APL) tendons; and (C) Missing, single or double extensor pollicis 
brevis (EPB) tendons among the left wrists of patients presenting with 
DQT and the right wrists of cadavers.

A
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that had 95% confidence was 63. 
For a significance level equivalent to 5%, the null-

hypothesis should be rejected for a p-value greater than 
0,05. According to the Mann-Whitney test for inde-
pendent samples, individuals from the DQT and ca-
daveric groups were significantly different with regards 
to the variables associated with the first extensor com-
partment and APL (P < 0.01), but similar with respect 
to the variable EPB (P = 0.08). Therefore, it can be 
concluded that individuals differed in the operated and 
control groups for the tunnel and abductor variables. 
For the extensor variable, no evidence was found to dis-
cern the behavior of the variable in either of the groups.

Anatomical variations were observed in all 101 
members of the DQT group. The first extensor com-
partment of the majority of patients (63.4%) contained 
two (63/101) or three (1/101) tunnels, while only 37 
(36.6%) patients exhibited single tunnel in the first ex-
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tensor compartment (Figure 2A). Supernumerary APL 
tendons were observed in 87 (86.1%) members of the 
DQT group, of which the numbers of patients exhib-
iting two, three, four, five, six and seven APL tendons 
were 31, 35, 15, 3, 2 and 1, respectively (Figure 2B). 

The 14 (13.9%) DQT patients remaining had 
single APL tendons besides other anatomical altera-
tions, mainly double tunnel in the first extensor com-
partment (one compartment for APL and another for 
EPB). Anatomical variations in EPB tendons were less 
common and occurred in only eight (7.9%) patients, 
of which seven had two tendons, while in one patient, 
the EPB was absent (Figure 2C). Anomalous muscles 
passing through the carpal tunnel were observed in just 
10 patients (10.1%). 

Single tunnel in the first extensor compartment 
was observed in most of the wrists (51/65; 78.5%) 
of the cadaveric group, while the remaining anatomi-
cal specimens (14/65; 21.5%) presented double tun-
nel. Supernumerary APL tendons were observed in 34 
(52.3%) of the cadaveric wrists, of which the numbers 
of anatomical specimens exhibiting two, three, four and 
six APL tendons were 20, 11, 2 and 1, respectively (Fig-
ure 2B). The remaining 31 (47.7%) cadaveric wrists 
had single APL tendons. No anatomical abnormali-
ties were observed in the EPB tendons of the cadaveric 
group, only in the operated group. 

Discussion 
The literature describes the first extensor compart-

ment of the wrist as encompassing the first extensor 
compartment together with the APL and EPB tendons, 
within which diverse anatomical variations, such as ir-
regular numbers of tendons and distinct first extensor 
compartment structures, may occur. The frequency of 
anomalies in the first extensor compartment was es-
tablished for the general population through studies 
of cadaveric specimens, and appears to range between 
50 and 80%, [1,6-9] although a rate of approximately 
100% has also been reported [10]. In vivo studies re-
lating to anatomical variations in the first extensor 
compartment are scarce, and investigations comparing 
wrists of DQT patients with those from cadavers have 
considered insufficient numbers of cases. For this rea-
son, more extensive information concerning anomalies 

observed during the performance of surgical proce-
dures would be extremely valuable [11].

The study described herein was impelled by the 
research question “Are the frequencies of occurrence 
of abnormalities in first extensor compartment, APL 
and EPB in DQT patients submitted to tenolysis sig-
nificantly higher than those observed in the general 
population?” 

The number of APL tendons can vary quite con-
siderably and it is sometimes difficult to distinguish 
these tendons from EPB tendons. In the present study, 
for example, supernumerary APL tendons and extra 
tunnels in the first extensor compartment could not be 
readily identified because the EPB tendon in the sec-
ond tunnel was deeper and often emulated the distal 
radius. Similar issues have been reported previously by 
Shiraishi and Matsumura [7]. These sorts of problems 
were not encountered, however, in this investigation of 
cadaveric wrists, probably because of the atrophy of the 
muscles of the forearm and the absence of adipose tis-
sue in the specimens. 

In the present study, multiple tunnel in the first ex-
tensor compartment was found in 21.5% of the cadav-
eric group, a frequency that is similar to the figure of 
20% reported by Wolfe, [3] though slightly lower than 
the values determined by Leslie et al., [9] where 34% 
of wrists derived from 50 cadavers exhibited a septated 
first extensor compartment, and Jackson et al. [12] that 
observed 40% of 300 cadaveric wrists showed partial 
or complete first extensor compartment septation. In 
comparison with the cadaveric group, the frequency of 
multiple tunnels in the first extensor compartment of 
this work’s DQT group was considerably higher, with 
62.4% of patients presenting two tunnels and 1% pre-
senting three tunnels. This finding is in agreement with 
that of Kulthanan et al., [6] who described septated first 
extensor compartment in wrists of 58% of the 66 DQT 
patients studied and in 37% of 82 cadavers, a difference 
that was statistically significant. In contrast, however, 
Minamikawa et al. [13] observed multiple first extensor 
subcompartments in 47% of DQT patients and in 75% 
of cadaveric wrists. The presence of accessory tunnels 
is considered one of the major causes of failure of con-
servative treatment by corticosteroid injection because, 
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in the case of septation, it is imperative to release the 
tendons in order to improve the symptoms [14-16]. 

Of the cadaveric wrists dissected in the present 
study, 47.7% (31) had only one APL tendon, while 
52.3% (34) displayed between two and six supernu-
merary tendons. In the DQT group, however, 86.1% 
(87) of the patients presented between two and seven 
supernumerary APL tendons. In contrast, Kulthanan et 
al. [6] reported that supernumerary APL tendons oc-
curred in 49% (32/66) of DQT patients and in 89% 
(73/82) of cadavers, a difference that was statistically 
significant. In this context, Shiraishi and Matsumura 
[7] evaluated 60 wrists from 30 cadavers and deter-
mined that the number of APL tendons ranged from 
one to seven, with 85% of the pieces presenting three 
or more supernumerary tendons, while Minamikawa 
et al. [13] reported that 94% of cadaveric wrists dis-
played between two and four APL tendons. Moreover, 
accessory tendons were observed in most of the 246 
cadaveric wrists examined by Motoura et al. [10] and 
in 75% of the 300 cadaveric wrists studied by Jackson 
[12]. It would appear, therefore, that the frequency of 
supernumerary APL tendons observed in this study’s 
cadaveric group was somewhat lower than the values 
reported previously.

Here, all of the cadaveric wrists exhibited just one 
EPB tendon. In earlier studies, Minamikawa et al. [13] 
observed that just 2.8% of cadaveric wrists displayed 
multiple EPB tendons, while Shiraishi and Matsumura 
[7] evaluated 60 wrists from 30 cadavers and found 
that 85% had only one EPB tendon, the remainder pre-
senting double or triple tendons. A similar result was 
reported by Nayak et al. [8] dissecting 156 wrists from 
cadavers of south Indian origin and identified single 
EPB tendons in 85.3% of the pieces, double tendons in 
10.9% and triple tendons in 3.8%. Additionally, Wolfe 
[3] had stated that the EPB tendon may be absent in 
5 - 7% of the general population. In comparison with 
cadaveric wrists, anomalies relating to the EPB tendon 
were more frequent in the wrists of this study’s DQT 
group and were seen in 7.9% of the patients, including 
one individual in which the tendon was not present. This 
finding is in line with that of Kulthanan et al. [6] having 
reported that single EPB tendons were more common 

in cadavers (98%) than in DQT patients (94%).
According to Motoura et al. [10], the number of 

accessory tendons demonstrated no association with 
inflammation and thickening of the tendon sheath. 
However, in the present study, a link between anatomi-
cal variations and inflammation with increased syno-
vial fluid was observed in the perioperative period in 
100% of the DQT patients (n = 101).

Based on the results presented herein, it is pos-
sible to infer that, in comparison with the general 
population, anatomical variations in the first extensor 
compartment and the APL tendon are more frequent 
in DQT patients submitted to tenolysis. Thus, it is pos-
sible to deduce a direct relationship between DQT and 
the frequency of anatomical abnormalities in the first 
extensor compartment and the APL tendon, but not in 
the EPB tendon.

The limitations of this study include that the fe-
male gender was connected to development of DQT 
and there was no control for this distribution in the ca-
daveric group.

Conclusion
In conclusion, the original hypothesis here was 

only partially supported by the results of this evalua-
tion because the significant anatomical variations ob-
served in the DQT group were associated with the first 
extensor compartment and the APL tendon. In the 
cadaveric specimens, abnormalities in the first exten-
sor compartment were observed at a lower frequency 
from which it may be concluded that these anomalies 
are common, though likely asymptomatic among the 
general population. 

More studies are necessary to explain DQT in the 
general population with more specific exams (e.g. MRI) 
as in cadaveric specimens, DQT cannot be evaluated 
and compared to conservative or surgical treatment.
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