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1  |  INTRODUC TION

Carpal tunnel syndrome (CTS) is a common condition affecting 1% 
of the population. The traditional surgical treatment of CTS involves 
the division of the flexor retinaculum (FR) to relieve pressure on the 
median nerve (Amadio,  2009; Kohanzadeh et al.,  2012). This ap-
proach has long proven to be effective.

However, some patients experience postoperative complica-
tions derived from this operation, such as complex regional pain 

syndrome, postoperative scar tenderness, or pillar pain (Ludlow 
et al.,  1997; Roux,  2004). All this contributes to both patient dis-
satisfaction and delay of their return to work (Boya et al.,  2008; 
Huisstede et al., 2018).

The precise causes of these adverse events related to car-
pal tunnel release (CTR) remain unclear, but some authors have 
attributed them to injuries of the palmar cutaneous branch of 
the median and ulnar nerves, neurogenic inflammation, tech-
nical defects, or neuromas in the subcutaneous tissue (Biyani 
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Abstract
In order to re-evaluate the safest area to incise skin and the flexor retinaculum (FR) when 
performing a carpal tunnel release (CTR), we carried out a mapping study of the nerve 
endings in the skin and FR on cadaver specimens, which, unlike previous studies for the 
first time, includes histomorphometry and image digital analysis. After dividing the skin 
and FR into 20 and 12 sections, respectively, we carried out a histomorphological analy-
sis of nerve endings. The analysis was performed by two neutral observers on 4-μm 
histological sections stained with hematoxylin–eosin (H-E), and Klüver–Barrera with pic-
rosirius red (KB + PR) methods. A semi-automatic image digital analysis was also used to 
estimate the percentage of area occupied per nerve. We observed a lower quantity of 
nerve endings in the skin of the palm of the hand in line with the ulnar aspect of the 4th 
finger. The ulnar aspect of the FR was the most densely innervated. However, there are 
no statistically significant differences between sections in the percentage of area occu-
pied per nerve both in the skin and in the FR. We concluded that there is not a safe area 
to incise when performing carpal tunnel surgery, but taking into account the quantity of 
nerve endings present in skin and FR, we recommend an incision on the axis of the ulnar 
aspect of 4th finger when incising skin and on the middle third of the FR for CTR.
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et al., 1996; Ludlow et al., 1997; Monacelli et al., 2008; Tomaino & 
Plakseychuk, 1998).

Several authors have carried out different anatomical studies 
on the innervation of the palm of the hand to define a safe area to 
make the incision for open and endoscopic CTRs (Ozcanli et al., 2010; 
Samarakoon et al., 2014; Xu et al., 2013). Most studies are limited to the 
analysis of the macroscopic course of the palmar sensory branches of 
the median and ulnar nerves to define anatomical landmarks and, thus, 
avoid severing said structures (Hirtler et al., 2018; Martin et al., 1996; 
Smith & Ebraheim, 2019; Sulaiman et al., 2016; Tubbs et al., 2011).

It is widely accepted that the safest area to perform an open CTR is 
the cutaneous strip following the radial aspect of the 4th finger, proxi-
mal to the Kaplan line, that marks the location of the superficial palmar 
arch (Martin et al., 1996; Taleisnik, 1973; Watchmaker et al., 1996; Xu 
et al., 2013). Most hand surgeons accept this area as the safest to per-
form the incision, even though between 6% and 48% of patients who 
underwent open CTR experience pain in the heel of the palm (Boya 
et al., 2008; Huisstede et al., 2018; Monacelli et al., 2008).

When searching for a safe zone, we must consider not only 
the topography of macroscopic nerve structures, but also the mi-
croscopic density of nerve endings in the palm of the hand (Ruch 
et al., 1999). CTR involves both the skin incision and the division of 
the palmar fascia and the FR. This incision is particularly delicate 
as nerve structures might be injured due to variations in the sen-
sory branch of the median nerve due to a transligamentous course 
(Ozcanli et al., 2010; Stecco et al., 2018).

In order to re-evaluate the safest area to make the skin incision and 
disivion of the FR when performing a CRT, we carried out a mapping 
study of the nerve endings in skin and FR on cadaveric specimens.

2  |  METHODS

2.1  |  Type of study

Basic anatomical and histomorphological research study of nerve 
endings density in the skin of the palm and FR in cadaveric specimens.

2.2  |  Specimens

We used 10 forearm and hand specimens from seven fresh-frozen 
cadavers (4 males and 3 females) aged between 53 and 75 years at 
death, who had all given informed consent to their use for scientific 
purposes (McHanwell et al., 2008; Riederer et al., 2012).

The specimens had no previously documented wrist injuries or 
surgeries. All specimens were thawed at room temperature and dis-
sected in the Human Anatomy Department of the School of Medicine 
of the University of Granada (Spain) between March and May 2020. 
Five right and five left forearm and hand specimens were studied.

Before in bloc extraction, the palm skin between the distal flex-
ion crease of the wrist and the known “Kaplan line” (anatomical land-
mark that extends from the first web space to the hook of Hamate) 

was divided and marked into 20 assessment sections to obtain a 
nerve density map after histomorphological analysis. Five longitudi-
nal sections (A, B, C, D, and E) were drawn on the axis of the radial 
and ulnar aspects of the 3rd and 4th fingers and on the 4th-5th web 
space. Then, each section was subdivided into four identical sections 
from proximal to distal, numbered as shown in Figure 1a.

FR was harvested from the attachment of the scaphoid and tra-
pezium bones in the radial side and at the border of ulnar neurovas-
cular pedicle in the ulnar side. The specimen was also segmented 
into radial (Afr), central (Bfr), and ulnar (Cfr) areas, and each one of 
them was, in turn, divided into four parts, two distal and two proxi-
mal, on both sides of the equatorial line (Figure 1b). This resulted in 
12 areas numbered from 21 to 32.

2.3  |  Histomorphological study

The samples of the different sections of the palmar skin and reti-
naculum were fixed in 10% buffered formalin for 48 h and then em-
bedded in paraffin. Then, the 4-μm sections were proximal to distal 
longitudinally cut, dewaxed, and hydrated to stain with hematoxylin–
eosin (H-E) and luxol fast blue plus picrosirius red methods, which 
were applied sequentially (Klüver–Barrera with picrosirius red stain-
ing, KB + PR). This double staining makes it possible to observe col-
lagen fibres in red, myelin in blue, and the nucleus in a darkened 
color. The aim of said double staining is to increase the sensitivity of 
detection of nerve elements (Figure 2).

A millimeter scale in the eyepiece of a BH 2 microscope (Olympus 
Optical Company, Ltd.) with a 40× objective was used by two inde-
pendent observers to count nerve structures in each strain. The re-
sults were expressed in terms of nerve endings/mm2.

2.4  |  Digital image analysis

To study the percentage of the area occupied by nerve structures, histo-
morphometry was performed semi-automatically on KB + PR-stained 
sections. For this purpose, we assessed 10 randomized images captured 
with a 10x objective through a microscope equipped with a digital cam-
era DP70 (Olympus) connected to a computer and using the software 
ImageJ® v. 1.48 (NIH, USA, http://rsb.info.nih.gov/ij/). Separate quan-
tifications of the total number of nerve structures and number of nerve 
structures per mm2 were performed and expressed as area (mm2) and 
percentage of each palmar and FR compartment (Figure 3).

2.5  |  Statistical analysis

The statistical analyses were carried out through the SPSS software 
for Windows, version 23.0 (IBM SPSS Inc.). The normal distribution 
of quantitative variables was confirmed by Kolmogorov–Smirnov 
test. The number of nerve endings and the percentage of surface 
occupied per nerve are expressed through mean and standard 

http://rsb.info.nih.gov/ij/
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deviation. These variables were analyzed through the Student's t-
test when comparing two sections and in case of independent sam-
ples or through the ANOVA test when comparing 3 or more sections.

To evaluate the reproducibility of the morphological study and the 
staining sensitivity of KB + PR, the level of concordance between the 
results of both staining analyses was established through an intra- and 
inter-observer comparison, which was made by means of Kendall's co-
efficient of concordance and Pearson's correlation coefficient. A con-
fidence interval (CI) of 95% was considered significant (level p < 0.05).

3  |  RESULTS

3.1  |  Validity of —H-E staining methods against 
KB +  PR staining and their reproducibility

The H-E and KB + PR staining methods allow to reliably assess the 
number of nerve structures and, although the number of nerves 
identified is higher with the modified KB + PR methods, the results 
were not statistically significant (Student's t-test; p = 0.235).

F I G U R E  1  Diagram of the study areas in the skin (a) and in the flexor retinaculum (b)

F I G U R E  2  Klüver–Barrera with picrosirius red staining. This double staining makes it possible to observe collagen fibres in red, myelin 
in blue, and the nucleus in a darkened colour. (a) Vision of Paccini corpuscle. (b) Image of a crosss section of myelinated nerve. A, adipose 
tissue; C, connective tissue; M, myelin; N, nerve; P, paccini corpuscle; PN, perineurum
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F I G U R E  3  Images captured with a 10× objective through a microscope equipped with a digital camera DP70 (Olympus) connected to a 
computer and using the software ImageJ®. (a) Klüver–Barrera with picrosirius red staining. Histological section. (b) Umbralization procces of 
the nerve area

F I G U R E  4  Histological images of Klüver–Barrera with picrosirius red stained skin and flexor retinaculum (FR tissue). (a, b) Correspond 
to areas 7 and 14 of the skin. Similarity can be seen in terms of sensitive nerve terminals that can be identified in the insert at 20×. (c, d) 
Correspond to areas 26 (central) and 30 (ulnar) of FR, respectively. The difference between the thickness of the nerve fascicles is clearly 
seen.
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The Kendall's coefficient of concordance of the results obtained 
by the two independent observers was good/moderate when the 
nerve structures were evaluated with H-E (Kendall's coefficient of 
concordance 0.669, p = <0.001) and somewhat weaker when they 
were evaluated with the modified KB + PR staining (Kendall's coeffi-
cient of concordance 0.464; p < 0.001).

There is a high statistical correlation for both staining methods 
between the results obtained by the two observers, with the highest 

values between the two stainings being those obtained by observer 
2 (Pearson's correlation coefficient r = 0.832; p = 0.000).

3.2  |  Distribution of nerve endings in skin and FR

The nerve structures in the FR are larger than in the skin, particularly 
in the ulnar area. The innervation of the palm of the hand shows a 

TA B L E  1  Quantification of the number of nerve structures identified in the sections studied through both staining methods and 
according to each observer. Evaluation of 10 fields at 40× magnification and conversion into number of nerve elements per mm2

Section H-E observer 1 H-E observer 2 KB + PR observer 1 KB + PR observer 2

No. of nerves/mm2

Total area

Palm of the hand #1 12.7 12 ± 4.6 14.6 ± 7.8 12 ± 5.7 277.40 ± 157.7

Palm of the hand #2 14 ± 4.3 15.8 ± 6.1 10 ± 4.3 15.4 ± 6.0 216.11 ± 84.2

Palm of the hand #3 14.8 ± 10.9 16.6 ± 10.5 12.6 ± 8.9 14.4 ± 11.7 229.03 ± 111.9

Palm of the hand #4 10.6 ± 10.1 9.4 ± 7.1 11.2 ± 5.3 12 ± 6.6 148.38 ± 71.5

Palm of the hand #5 10.2 ± 5.4 13 ± 5.9 10.6 ± 5.8 13.8 ± 5.8 200.0 ± 99.8

Palm of the hand #6 13 ± 14.1 11.2 ± 7.2 7.2 ± 3.9 11.2 ± 7.4 132.25 ± 79.3

Palm of the hand #7 10.8 ± 8.4 12.6 ± 7.1 8.2 ± 5.7 13.8 ± 5.3 174.19 ± 97.0

Palm of the hand #8 10.2 ± 3.9 10 ± 5.7 8.0 ± 6.1 12.8 ± 5.2 164.51 ± 95.0

Palm of the hand #9 7.4 ± 3.5 9.0 ± 4.2 9.4 ± 5.9 8.0 ± 4.7 158.06 ± 71.5

Palm of the hand #10 8.8 ± 6.5 11.6 ± 7.4 11.6 ± 6.7 14.8 ± 8.1 193.54 ± 148.2

Palm of the hand #11 10.4 ± 6.4 10.2 ± 5.5 7.6 ± 5.4 9.8 ± 6.2 174.19 ± 123.0

Palm of the hand #12 19.6 ± 25.6 10.0 ± 10.9 16.2 ± 21.9 10.0 ± 11.8 293.54 ± 423.5

Palm of the hand #13 9.6 ± 3.7 10.4 ± 5.2 7.4 ± 5.4 8.2 ± 5.8 193.54 ± 67.4

Palm of the hand #14 6.2 ± 4.1 7.6 ± 4.3 9.2 ± 7.9 9.8 ± 5.4 145.15 ± 57.0

Palm of the hand #15 11.4 ± 4.3 11.8 ± 6.1 6.8 ± 5.7 10 ± 6.3 129.03 ± 106.3

Palm of the hand #16 8.0 ± 5.9 8.4 ± 4.5 9.0 ± 5.5 8.6 ± 5.5 148.38 ± 115.4

Palm of the hand #17 6.8 ± 7.0 7.8 ± 7.1 9.8 ± 8.7 11.2 ± 8.8 183.87 ± 200.3

Palm of the hand #18 12.8 ± 11.1 12.8 ± 9.5 8.2 ± 3.8 16.8 ± 15.4 229.03 ± 126.6

Palm of the hand #19 10.2 ± 3.1 12.4 ± 4.8 11.8 ± 9.9 13.6 ± 9.9 190.32 ± 108.4

Palm of the hand #20 13.8 ± 6.8 12.2 ± 5.7 10.6 ± 4.6 10.2 ± 2.6 193.54 ± 103.9

FR #21 1.8 ± 2.1 1.6 ± 2.6 3.8 ± 3.2 5.0 ± 6.2 38.71 ± 35.3

FR #22 6.4 ± 5.8 6.0 ± 5.9 6.8 ± 5.7 10.6 ± 7.16 106.45 ± 60.9

FR #23 2.4 ± 3.2 2.4 ± 2.7 3.6 ± 2.9 2.8 ± 2.6 29.03 ± 33.0

FR #24 2.4 ± 2.8 2 ± 2.5 3.8 ± 6.4 4.0 ± 4.7 29.03 ± 47.5

FR #25 5.0 ± 3.3 6.2 ± 4.0 6.0 ± 6.0 6.6 ± 7.6 41.93 ± 55.4

FR #26 4.4 ± 5.5 5.2 ± 9.4 3.2 ± 3.8 7.2 ± 7.2 22.58 ± 24.4

FR #27 2.6 ± 3.2 3.6 ± 3.7 3.6 ± 3.5 3.6 ± 4.2 16.13 ± 27.9

FR #28 3.4 ± 4.3 5.8 ± 2.9 3.6 ± 5.1 6.0 ± 5.2 32.25 ± 34.2

FR #29 8.4 ± 4.2 9.0 ± 6.1 6.4 ± 3.2 12.2 ± 10.6 90.32 ± 81.9

FR #30 5.2 ± 4.0 4.8 ± 4.5 2.8 ± 3.0 7.4 ± 7.6 64.51 ± 27.4

FR #31 4.0 ± 3.0 5.4 ± 4.9 1.4 ± 2.0 4.2 ± 4.0 38.71 ± 37.1

FR #32 7.0 ± 6.7 9.2 ± 9.0 6.2 ± 7.2 10.8 ± 10.1 116.12 ± 121.1

Note: H-E Observer 1: Count of nerve fibres in sections stained with hematoxylin-eosin, performed by observer 1. H-E Observer 2: Count of 
nerve fibres in sections stained with hematoxylin-eosin, performed by observer 2. KB + PR Observer 1: Count of nerve fibres in sections stained 
with Klüver-Barrera + picrosirius red, performed by observer 1. KB + PR Observer 2: Count of nerve fibres in sections stained with Klüver-
Barrera + picrosirius red, performed by observer 2. No. of nerves/mm2. Total area: Count of nerve fibres per mm2 identified through KB + PR. Mean 
of both observers.
Abbreviation: FR, flexor retinaculum.
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greater number of medium or small calibre nerves surrounded by 
a dense connective tissue of the perineurium, as evidenced by the 
KB + PR staining method designed for this study (Figures 3 and 4).

Table  1 presents the mean and dispersion values of the nerve 
structures obtained in the different sections analyzed through both 
staining methods.

The mean of nerve endings (n/mm2) was lower in the FR (sec-
tions 21–32) than in the palm skin (sections 1–20), regardless of the 
staining method used to evaluate them. Table 2 presents a compar-
ison between nerve density of the skin of the palm and of the FR 
(Student's t-test; p < 0.005, p < 0.011, p < 0.001).

3.3  |  Quantity of nerve endings in the 
skin of the palm

No statistically significant differences were observed when compar-
ing proximal and distal sections of the skin of the palm, regardless of 
the staining used for analysis (Student's t-test; p = 0.620, p = 0.774, 
p = 0.665) (Table 3). However, there were significant differences be-
tween the longitudinal sections (one-way ANOVA; p < 0.001), with 
band D having a lower count of nerve endings compared with band A 
(Bonferroni correction; p < 0.001), (Table 4; Figures 4 and 5).

3.4  |  Quantity of nerve endings in the FR

We observed a greater number of nerve elements in the proximal 
section of the FR than in its distal zone, but the difference was 
not statistically significant (Student's t-test; p  =  0.251, p  =  0.750, 
p = 0.731, respectively), (Table 5; Figures 4 and 5).

When comparing longitudinal sections, we found a statistically 
significant higher nerve density in the ulnar portion of the FR than in 
its central and radial portions (one-way ANOVA; p = 0.014), (Table 6; 
Figure 4).

3.5  |  Digital image analysis of the area occupied by 
nerve structures

Table 7 presents the percentage of area (mm2) occupied per nerve in 
the different sections studied. They are represented in a color spectrum 
diagram in Figure 6. The area occupied per nerve is significantly greater 
in the FR than in the skin of the palm (Student's t-test; p < 0.001).

Regarding the skin of the palm, there were no statistically signif-
icant differences in the area occupied per nerve between the distal 
and proximal sections (Student's t- test; p = 0.442), nor between the 
different longitudinal bands (one-way ANOVA; p = 0.564).

TA B L E  2  Statistical study of the comparison between nerve density of the skin of the palm and of the FR. Comparison between nerve 
density of the skin of the palm (sections 1–20) and of the tissue of the FR (sections 21–32). Statistical comparison by means of Student's 
t-test. p Values are shown in the right column of the table (significance level).

Variables Mean Standard deviation

Student's 
t-test

p Values

Total nerve count (H-E) Palm of the hand 11.07 9.04 0.005

FR 4.42 4.34

Total nerve count (KB + PR) Palm of the hand 10.00 7.56 0.011

FR 4.27 4.51

No. of nerves/mm2 (all fields) Palm of the hand 188.70 136.83 0.001

FR 52.15 61.96

Abbreviations: FR, flexor retinaculum; H-E, hematoxylin–eosin; KB + PR, Klüver–Barrera with picrosirius red.

TA B L E  3  Comparison between number of nerve elements found per mm2 of skin of the palm of the hand (10 fields at 40×). Proximal 
portions (sections 1, 2, 5, 6, 9, 10, 13, 14, 17, and 18) are compared against distal portions (sections 3, 4, 7, 8, 11, 12, 15, 16, 19, and 20).

Variables Mean Standard deviation

Student's 
t-test

p Values

Count (10 fields at 40×) hematoxylin–eosin Proximal 10.70 6.44 0.620

Distal 11.78 6.62

Count (10 fields at 40×)  
Klüver-Barrera + picrosirius red

Proximal 11.78 7.81 0.774

Distal 11.86 7.15

No. of nerves/mm2 Proximal 186.13 116.5 0.665

Distal 191.29 155.69
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Similarly, there were no statistically significant differences in the 
area occupied per nerve between the distal and proximal portions 
of the FR (Student's t-test; p = 0.857), nor between longitudinal sec-
tions (one-way ANOVA; p = 0.257).

4  |  DISCUSSION

This article presents a study on nerve density of the skin of the palm 
and FR including histomorphometry and image digital analysis, with 

the aim of providing results that can be applied to carpal tunnel syn-
drome surgery. The results show that the areas with fewer nerve el-
ements are the skin band in the axis of the ulnar aspect of 4th finger 
of the hand and the central part of the FR. However, there were no 
differences in the percentage of area occupied per nerve between 
the skin areas, and the FR.

Most studies on nerve mapping of the palm of the hand are 
limited to gross dissection of sensitive branches of the median 
and ulnar nerves (Bezerra et al.,  1986; Born & Mahoney,  1995; 
Hobbs et al., 1990; Martin et al., 1996; Matloub et al., 1998; Natsis 

TA B L E  4  Statistical study of comparison between the number of nerve elements found in the different longitudinal bands (A, B, C, D, and 
E) of the skin of the palm of the hand (10 fields at 40×; mean count of H-E and KB + PR stainings)

Section Mean Standard deviation Statistical formula

A 13.04 2.13 ANOVA p < 0.001

B 11.03 2.05

C 10.90 3.32

D 8.90 1.56

E 11.31 2.52

Post hoc analysis (Bonferroni correction)

A B C D E

A p = 0.204 p = 0.134 p < 0.001 p = 0.443

B p = 0.204 p = 1.0 p = 0.137 p = 1.0

C p = 0.134 p = 1.0 p = 0.207 p = 1.0

D p < 0.001 p = 0.137 p = 0.207 p = 0.056

E p = 0.443 p = 1.0 p = 1.0 p = 0.056

Abbreviations: H-E, hematoxylin–eosin; KB + PR, Klüver–Barrera with picrosirius red.

F I G U R E  5  Color diagram density map of the skin (a) and flexor retinaculum (b) based in number of nerve endings count. Red dashed line 
marks the area corresponding to lesser innervation density and where we propose to localize the incision for carpal tunnel release
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et al.,  2012; Ozcanli et al.,  2010; Sulaiman et al.,  2015; Tubbs 
et al., 2011) and conclude that the safest area to make a skin incision 
is the one proximal to the superficial arterial arch of the hand in the 
axis of the radial aspect of the 4th finger. This surgical approach, 
suggested by Tailesnik in 1973, has become the gold standard when 
performing carpal tunnel syndrome surgery.

As far as we know, Ruch et al. (1999) are the only ones who have 
performed a histomorphometric study of 4-μm sections stained with 
H-E to map the nerve density of the skin of the palm and underlying 
tissues. According to them, the safest area (with the lowest nerve 
density) would be the gap between the axes of the third and fourth 
metacarpal bones, 2  cm proximal to the Kaplan line. Said authors 
also stated that the FR is a structure relatively devoid of nerves and 
that its incision is not likely to form a neuroma or lead to postoper-
ative pain.

We present a similar study, but with a greater subdivision of 
skin sections, including an additional ulnar section. Besides, we 
sequentially used two staining methods—luxol fast blue and picro-
sirius red staining—not previously considered for this purpose. This 
double staining allowed us to better identify the myelinated nerve 
structures in both the dermal connective tissue of the skin and the 
FR, which become blue stained (as myelin) when only the Klüver–
Barrera staining method is applied. When performing the picrosir-
ius red staining method, the dermal connective tissue of the skin 

and the FR get red stained, thus enabling the identification of the 
perineurium and epineurium, and staining green the epithelium and 
vascular structures. This green staining prevents the epitelium and 
vascular structures from leading to error, as often happens when 
other staining methods are used.

With this combined technique, it was possible to identify 
more nerve structures, but not in a statistically significant way. 
Additionally, correlations for both staining methods and between 
the results obtained by both observers were high, so this modifica-
tion is considered suitable for the histomorphometric study of nerve 
endings.

We have no record of any other nerve mapping study of the palm 
of the hand where image digital analysis was used. However, its ef-
ficacy and reproducibility regarding the identification of nerve ele-
ments in the skin have been already demonstrated, regardless of the 

TA B L E  5  Comparison of the number of nerve elements per mm2 
between the proximal portion (sections 21, 22, 25, 26, 29, and 30) 
and the distal portion (sections 23, 24, 27, 28, 31, and 32) of the FR 
(10 fields at 40×)

Variables Mean
Standard 
deviation

ANOVA 
test

p Values

Total count 
(H-E)

FR, proximal 5.20 4,48 0.251

FR, distal 3.63 4.12

Total count 
(KB + PR)

FR, proximal 4.83 4,29 0.750

FR, distal 3.70 4,72

No. of nerves/
mm2

FR, proximal 60.752 59.55 0.731

FR, distal 43.55 64.12

Abbreviations: FR, flexor retinaculum; H-E, hematoxylin–eosin; KB + PR, 
Klüver–Barrera with picrosirius red.

TA B L E  6  Statistical study of the comparison between the number of nerve elements in the different longitudinal sections (Afr, Bfr, Cfr) of 
the FR (10 fields at 40×)

Mean
Standard 
deviation

ANOVA

Significance level (Bonferroni correction)
Sum of the 
squares df

Root mean 
square F

Afr 4.08 2.39 Among groups 50.832 2 25.416 4.715 Section Afr against section Bfr: p = 1.0.
Section Afr against Cfr: p = 0.014.
Section Bfr against section Cfr: p = 0.108.

Bfr 4.75 1.42 Within groups 242.587 45 5.391

Cfr 6.52 2.90 Total 293.419 47

ANOVA; p = 0.014

TA B L E  7  Percentage of area occupied per nerve in the different 
sections studied

Sections Mean
Standard 
deviation

Skin of the palm of 
the hand

1–2 10.48 4.19

3–4 9.69 6.10

5–6 13.68 10.08

7–8 9.80 3.46

9–10 11.91 4.53

11–12 15.17 12.72

13–14 7.20 3.57

15–16 10.39 4.71

17–18 7.96 3.64

19–20 13.31 6.40

FR 21–22 27.28 32.84

23–24 16.20 15.27

25–26 10.55 13.22

27–28 6.05 4.71

29–30 21.13 36.46

31–32 31.61 34.11

Comparison palm 
versus FR

Student's t-test; p < 0.001

Abbreviation: FR, flexor retinaculum.
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experience of the researcher involved (Provitera et al., 2015; Seger 
et al., 2016). In our case, this tool solved a problem regarding the 
size of the nerve endings, which was already pointed out by Ruch 
et al.  (1999). Like the previously mentioned authors, we observed 
that the nerve elements found in the sections with a lower count 
had a greater diameter than those found in sections with a higher 
count. Using image digital analysis allowed us to semi-automatically 
estimate the percentage of area occupied by the nerve, which, in our 
opinion, better indicates nerve density.

Many authors intend to define an internervous plane between 
the median and ulnar nerves to use it in CTR with the assumption 
that the border area between the course of two nerves is a low 
nerve endings density zone. Based in macroscopic dissection stud-
ies they suggest several incisions: in the axis on the radial aspect 
of the 4th finger (Taleisnik, 1973); immediately ulnar and parallel to 
the thenar crease, in the axis on the ulnar aspect of the 4th finger 
(Gelberman & North, 1991); in the axis on the ulnar aspect of the 4th 
finger (Eversmann, 1993); 5 mm ulnar to the crease between thenar 
and hypothenar eminences (Watchmaker et al., 1996); in projection 
with the 3rd commissural area (Boughton et al., 2010); and in a 5 mm 
band on both sides of the axis of the 3rd finger (Xu et al., 2013).

Even when these incisions are made, persistent postopera-
tive scar tenderness (incidence ranges from 19% to 61%) (Kluge 
et al., 1996; Monacelli et al., 2008), and the most feared pillar pain 
(Ludlow et al., 1997) could be experienced. Numerous variants and 
nerve networks justify an overlapping of the nerve supply areas 
of median and ulnar nerves (Biafora & Gonzalez,  2007; Ferrari & 
Gilbert, 1991; Natsis et al., 2012; Sulaiman et al., 2015; Unver Dogan 

et al., 2010) and some authors reject the assertion that there is an 
area of lower nerve density (Ozcanli et al.,  2010). In a dissection 
study on 24 cadaver specimens and by means of the Tailesnik's in-
cisions, Born and Mahoney  (1995) found part of the course of the 
cutaneous sensory branch of the ulnar nerve in 12% of cases and of 
the palmar cutaneous branch of the median nerve in 8% of cases in 
vicinity of the incision. Wheatley et al. (1996) took random intraop-
erative biopsies from the wounds of 15 patients who underwent a 
CTR and found nerve elements in the tissue in all cases.

In such circumstances, minimal incision interventions or endo-
scopic release of the carpal tunnel seem to be the only reasonable 
alternatives. However, although they decrease the postoperative 
scar tenderness and pillar pain rates and enable an earlier return to 
work, they do not completely avoid the pain in the heel of the palm 
(Ludlow et al., 1997; Teng et al., 2019).

This fact may lead one to think that cutaneous innervation is not 
the only cause of postoperative pain in the heel of the hand and 
other deeper tissues should be considered in this regard. When the 
proximal portion of the retinaculum is cut and scissors are pushed 
under the skin to open the antebrachial fascia, palmar cutaneous 
branches of the ulnar and median nerves cannot be seen and are left 
at risk for injury.

Stecco et al. (2018) show the high innervation of palmar aponeuro-
sis in a histomorphometric study on biopsies from patients treated for 
Dupuytren's contracture. Although some authors maintain that the 
FR is practically devoid of nerve structures (Ruch et al., 1999; Stecco 
et al., 2018), in our study we invariably observed the continuous pres-
ence of nerve elements with a higher calibre than the nerve endings 

F I G U R E  6  Color diagram density map of the skin (a) and flexor retinaculum (FR) (b) based in percentage of the area occupied by nerve 
structures. The ulnar border of the FR must be avoided when opening carpal tunnel
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of the palmar skin. Image digital analysis was especially useful in this 
regard. A nerve injury in this area may cause pain in the heel of the 
hand, even when there is no incision in the skin. Besides, we have ob-
served and proven that there is a statistically significant higher nerve 
density in the ulnar aspect of the FR in comparison with its middle and 
radial portions. Indeed, most hand surgeons open the FR through its 
most ulnar aspect to avoid the median nerve and protect it from the 
resulting scar. According to the results obtained in the present study, 
the mentioned incision made in the FR should be rectified.

The main constraint present in this study is the small size of the 
sample evaluated. Additionally, the relative location of the cutaneous 
strips may be altered by the loss of tissue muscle tone of the cryo-
preserved cadaver. On the other hand, this paper presents a double 
staining study, double-blind evaluation of the counting of nerve end-
ings with a high correlation rate and the addition of the determination 
of the area occupied per nerve through a digital semi-automatic tool.

In conclusion, the percentage of area occupied per nerve is quite 
homogeneous, with no differences between areas of skin and FR 
and, thus, there is no safe area to make the incision. Quantitatively, 
the present study shows that there is an area with fewer nerve end-
ings than the average, which is in the skin of the palm of the hand, 
adjacent to the ulnar aspect of the 4th finger. We consider this area 
suitable for the CTR incision. At the same time, more nerve elements 
than the average are found in the ulnar border of the FR, which is 
the reason why we also recommend dividing such structure into its 
central portions.
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