
Folia Morphol. 
 Vol. 73, No. 4, pp. 409–413
DOI: 10.5603/FM.2014.0062 

Copyright © 2014 Via Medica
ISSN 0015–5659 

www.fm.viamedica.pl

O R I G I N A L   A R T I C L E

409

Address for correspondence: Prof. K.S. Satyapal, Department of Clinical Anatomy, School of Laboratory Medicine and Medical Sciences, College 
of Health Sciences, University of KwaZulu-Natal, Private Bag X54001, Durban, 4000, South Africa, tel:+27 31 260 7110, fax:+27 31 260 7890, 
e-mail: satyapalk@ukzn.ac.za

Determination of the median nerve safe-zone  
in the carpal tunnel using the distal forearm 
bony prominences
N.O. Ajayi, N. Naidoo, L. Lazarus, K.S. Satyapal 

Department of Clinical Anatomy, School of Laboratory Medicine and Medical Sciences, College of Health Sciences,  
University of KwaZulu-Natal, Westville Campus, Durban, South Africa

[Received 10 December 2013; Accepted 22 January 2014]

Background: The compression of the median nerve (MN) in the carpal tunnel (CT) 
is one of the most common aetiologies of entrapment neuropathy syndromes in 
clinical practice. The aim of this study was to investigate the relationship of the 
palpable bony prominences of the distal forearm (radial styloid process [RSP] and 
ulnar styloid process [USP]) with MN in the CT, in order to determine a safe-zone 
of the MN during carpal tunnel procedures. 
Materials and methods: This study involved the bilateral dissection of the CT 
region of 30 adult cadaveric specimens (n = 60).
Results: The mean distance between the RSP and USP was 49.34 mm. The mean 
distance of the MN from the RSP and the USP were 22.44 mm and 26.66 mm,  
respectively. The mean diameter of the MN within the CT deep to the flexor 
retinaculum was 5.93 mm. In addition, the MN was located postero-lateral 
and postero-medial to palmaris longus tendon (PLT) in 78.33% and 21.67% of  
specimens, respectively.
Conclusions: This study found that the MN was located less than 60% of the 
RSP-USP distance from the RSP. Furthermore, the MN was mostly located postero-
-lateral to the PLT. Therefore, injection or surgical incision made at/medial to  
a point 60% of the RSP-USP distance from the RSP will be outside the safe-zone of 
the MN. The knowledge of this surface anatomical relationship of the MN may be 
useful during decompression for CT syndrome. (Folia Morphol 2014; 73, 4: 409–413)
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INTRODUCTION
The carpal tunnel (CT) is a narrow fibro-osseous 

tunnel at the wrist through which the flexor tendons 
and the median nerve (MN) pass into the hand [4]. CT 
syndrome, which results from an increased pressure 
in the CT [9], is the most common nerve entrapment 
syndrome in clinical practice [2, 4, 19].

The most common surgical hand and wrist procedu-
re is the CT decompression for CT syndrome [14]. Injec-

tions into the CT are widely performed during diagnostic 
and therapeutic procedures in the management of CT 
syndrome [5]. A major complication of CT injection is 
an intraneural injection into or a direct needle injury to 
the MN [13, 23]. This accidental injury of the MN is ex-
tremely painful and may result in serious and prolonged 
or even permanent disability of the hand [15].

The prevention of the iatrogenic injury of the MN 
depends on the injection or incision in the CT made 
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outside the safe-zone of the MN. However, there is 
no consensus amongst authors with regard to the 
safest injection or incision site in the CT [5]. Recently, 
the use of ultra-sonographic guidance during CT 
injection or procedure has been advocated in order 
to minimise possible MN injury during CT procedures 
[20]. The knowledge of the anatomic structures at 
risk in the CT and their relationship should decrease 
the risk of iatrogenic injury [12]. Studies have evalu-
ated the relationship of the structures in the distal 
forearm such at the flexor tendons and palmaris 
longus tendon (PLT) to the MN in order to determi-
ne a safe-zone for the MN during CT procedures. 
From the literature reviewed, there is no study on 
the relationship of the palpable bony landmarks 
of the distal forearm to the location of the MN in 
the CT. The aim of this study was to investigate the 
relationship of the palpable bony prominences of 
the distal forearm (radial styloid process [RSP] and 
ulnar styloid process [USP]) to the MN in the CT, in 
order to determine a safe-zone of the MN during 
CT procedures.

MATERIALS AND METHODS
Thirty (n = 60; 30 right; 30 left) adult cadave-

ric upper limb specimens (with no previous history 
of trauma, surgery or anomaly to the forearm and 
hand regions) were obtained from the Department 
of Clinical Anatomy, School of Laboratory Medicine 
and Medical Sciences, University of KwaZulu-Natal. 
The study was conducted in accordance with Chapter 
8 of the National Health Act No. 61 of 2003. These 
specimens consisted of upper limbs of 14 female  
(n = 28; 14 right; 14 left) and 16 male (n = 32; 16 right;  
16 left) cadavers. The distal forearm and the wrist of 
the specimens were dissected. The distance between 
the RSP and the USP and width of the MN in the CT 
were measured and recorded. The measurements 
were taken with an electronic digital microcalliper 
(Digitronic Calliper; Wilson Wolpart Europe 110/15 
DAB; Mastricht Netherlands). The position of the 
MN in relation to the PLT was observed and docu-
mented. The level of division of the MN in relation 
to the transverse carpal ligament was also observed 
and documented. In addition, the distances of the 
PLT from the RSP and USP were also determined and 
documented. The mean value of the measurements 
taken were compared between males and females 
using Student’s t test and a p value £ 0.05 was con-
sidered significant.

RESULTS
The mean distance between the RSP and the USP 

was 49.34 mm (40.39–60.38 mm). The mean distance 
of the MN from the RSP was recorded as 22.44 mm 
(13.73–41.98 mm), while the mean distance of the 
MN from the USP was 26.66 mm (17.57–34.96 mm). 
The mean distance of the MN to the RSP (22.44 mm) 
in the total sample (n = 60) was recorded to be less 
than 50% of the RSP-USP distance. In 76.7% (46/60) 
of specimens, the location of the MN to the RSP was 
less than 50% of the RSP-USP distance. The location 
of the MN to the RSP was between the ranges of 
50–59%, 60–69% of the RSP-USP distance in 18.3% 
(11/60) and 3.3% (2/60) of specimens, respectively. 
In 1.7% (1/60) of specimens, the location of the MN 
to the RSP was greater than 70% of the RSP-USP 
distance (Fig. 1). 

The mean RSP-USP distances were 51.2 mm and 
47.22 mm in males and females, respectively. The 
mean distance of the MN from the RSP were recor-
ded as 25 mm and 23.31 mm in males and females, 
respectively, while the mean distance of the MN from 
the USP in males and females were 23.21 mm and 
21.55 mm, respectively. There was a statistically sig-
nificant difference in the RSP-USP distance between 
males and females (p = 0.0004). However, there was 
no statistically significant difference in the RSP-PLT 
and the RSP-MN distance between males and females, 
with a p value of 0.24 and 0.20, respectively (Table 1).

The mean diameter of the MN within the CT deep 
to the flexor retinaculum was 5.93 mm (2.51–8 mm). 
Furthermore, the diameter of the MN was added to 
the distance of the MN to the RSP, a mean distance 
of 28.37 mm was calculated which was 57.5% of the 
RSP-USP from the RSP. The MN was observed to divide 
distal to the flexor retinaculum in 86.67% (52/60) of 

Figure 1. Relative distance of the median nerve (MN) from the 
radial styloid process (RSP).
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the specimens, within the CT in 11.67% (7/60) of the 
specimens and proximal to the flexor retinaculum in 
1.67% (1/60) of the specimens (Fig. 1). The PLT was 
found in all the specimens dissected. In addition, the 
location of the MN was observed to be closely related 
to the position of the PLT in the distal forearm (Fig. 2). 
There was a positive correlation between the distance 
of the MN to the RSP and the distance of the PLT to the 
RSP, with a correlation coefficient (r) of 0.66. The MN 
was located postero-laterally and postero-medially to 
the PLT in 78.33% (47/60) and 21.67% (13/60) of the 
specimens, respectively. 

DISCUSSION
Since the introduction of CT release surgery for 

the treatment of MN entrapment at the wrist, several 
other conservative measures have been advocated, 
including splinting of the wrist and the injection of 
steroid into the CT [8]. There is no consensus amongst 
authors with regard to the best injection site in the CT; 
therefore, there is no definitive technique for optimal 
placement of steroid injection into the CT [15]. The 
various recommended sites of injection into the CT 
include: midway between the PLT and the flexor carpi 
ulnaris (FCU) tendon [3, 7], just medial to the PLT 
[13, 22], between PLT and flexor carpi radialis (FCR) 
tendon [8, 11], just medial to the FCR tendon [10] 
and through the FCR tendon [5] (Table 2).

In our study, the mean distance of 49.33 mm 
was recorded between the RSP and the USP. There 
was a significant difference in the RSP-USP distance 
between males and females (p = 0.0004), which indi-
cated that males were shown to have larger RSP-USP 
distance than females. The mean distance (22.6 mm) 
of the MN from the RSP was less than 50% of the 
mean RSP-USP distance in the total sample series. In 
76.7% (46/60) of the specimens, the MN was located 
less than 50% of the RSP-USP distance from the RSP. 
Although, the MN was found greater than 60% of 
the distance from RSP in 5% (3/60) of the specimens 
(Fig. 1), in these specimens, the PLT was found closely 
related to the MN (Fig. 2). The distance of the MN to 
the RSP positively correlated with the distance of the 
PLT to the RSP (r = 0.66) in all the specimens. The-
refore, when there is a shift of the MN outside 50% 
of the distance from the RSP, the PLT may be used 
as an anatomical guide in determining the probable 
location of the MN. Furthermore, with the MN located 
more postero-lateral to the PLT, it could be deduced 
from our data that the MN was mostly located in the 
lateral region of the CT.

Table 1. Mean diameter of the median nerve (MN) and the 
distance between the ulna styloid processes (USP), the radial 
styloid process (RSP) and palmaris longus tendon (PLT), the 
RSP and the MN in males and females

Parameter Male Female P

Mean RSP-USP distance [mm] 51.2 47.22 0.0004

Mean RSP-PLT distance [mm] 25 23.31 0.24

Mean RSP-MN distance [mm] 23.21 21.55 0.20

Mean diameter of MN [mm] 5.74 6.17 0.09

Table 2. Various recommended sites of injection into the carpal tunnel

Authors (year) Recommendation

Federick et al. (1992), Burke et al. (2003) Midway between the PLT and FCU tendon 

McConnell and Bush (1990), Stephen et al. (2003) Just ulnar to PLT 

Gelberman et al. (1980), Koo and Szabo (2004) Between PLT and FCR tendons 

Graham et al. (2004) Just ulnar to FCR tendon 

Dubert and Racasan (2006) Through FCR tendon 

Current study Point 60% medial to RSP 

FCU — flexor carpi ulnaris; FCR — flexor carpi radialis; PLT — palmaris longus tendon; RSP — radial styloid process

Figure 2. Correlation plot showing the relationship of the median 
nerve (MN) and the palmaris longus tendon (PLT) in the radial sty-
loid process (RSP).
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The mean diameter (5.93 mm) of the MN recorded 
in our study corroborated the earlier report of 6 mm [6].  
The addition of the diameter of the MN to the distan-
ce of the MN to the RSP gave a mean distance of 
28.37 mm, which was 57.5% of the RSP-USP distance 
from the RSP. From our findings, an injection placed 
or an incision made at a point located at 60% of the 
distance between the RSP and USP from the RSP (or 
medial to this point) will be outside the safe-zone of 
the MN (Fig. 3). Consequently, our study agrees with 
authors [3, 7] that have suggested injecting the CT 
between the PLT and the FCU tendon (medial to the 
PLT) as the MN was more postero-laterally located to 
the PLT (78.33%). The findings in our study indicated 
that injection given/incision made lateral to the PLT 
is more likely to injure the MN than when medially 
placed. 

As noted earlier, several authors used the PLT as 
a landmark in determining the site of injection into 
the CT. However, the PLT has been reported to be 
absent in 3.7–50.8% of individuals [1, 6, 16–18], 
and in such cases, using the PLT as a landmark will 
be impossible. This problem can be circumvented by 
using the distal forearm bony prominences (RSP and 
USP) as anatomical landmarks for determining the 
position of the MN, as suggested by our study. The-
refore, the determination of the relationship of the 

MN to the distal forearm bony prominences may be 
helpful during CT procedures. These bony landmarks 
may also be useful when there is severe oedema of 
the distal forearm and wrist with associated difficulty 
in palpating the PLT. 

CONCLUSIONS
A core clinical skill is the ability to use palpable 

surface features such as bony prominences and ten-
dons to locate structures under the skin [21]. Injec-
tion or surgical incision made medial to 60% of the 
distance from the RSP will be outside the safe-zone 
of the MN. The knowledge of this surface anatomical 
relationship of the MN with the distal forearm bony 
prominences may be useful during decompression 
for CT syndrome. 
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