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SUMMARY 
 

Although the carpal tunnel is known for its ana-
tomical constituents, its morphology is not well rec-
ognized. The aim of this study was to investigate 
the morphometric properties of the carpal tunnel 
and its surrounding structures. Magnetic reso-
nance and cross-sectional images of the distal car-
pal tunnel were collected from eight cadaveric 
hands. Morphological analyses were performed for 
the cross sections of the carpal tunnel, interior car-
pus boundary, and exterior carpus boundary. The 
specimens had a carpal arch width and height of 
23.9 ± 2.9 mm and 2.2 ± 0.9 mm, respectively.  
The carpal tunnel, interior carpus boundary, and 
exterior carpus boundary had perimeters of 54.8 ± 
4.5 mm, 68.5 ± 7.0 mm, and 130.6 ± 11.8 mm, 
respectively, and areas of 183.5 ± 30.1 mm2, 240.7 
± 40.2 mm2, and 1002.3 ± 183.7 mm2, respective-
ly. The cross sections were characterized by ellipti-
cal fitting with aspect ratios of 1.96 ± 0.15, 1.96 ± 
0.19, and 1.76 ± 0.19 for the carpal tunnel, interior 
carpus boundary, and exterior carpus boundary, 
respectively. The major axis of the boundaries in-
creased in pronation angle, relative to the hamate-
trapezium axis, for the exterior carpus (6.0 ± 3.0º), 
interior carpus (8.2 ± 3.2º), and carpal tunnel (15.9 
± 2.2º). This study advances our understanding of 
the structural anatomy of the carpal tunnel, and the 
morphological information is valuable in the identi-
fication of structural abnormality, assistance of sur-
gical planning, and evaluation of treatment of ef-
fects. 
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INTRODUCTION 
 

The carpal tunnel is a compartment within the 
wrist that contains nine flexor tendons and the me-
dian nerve. The volar border of the carpal tunnel is 
bounded by the transverse carpal ligament (TCL), 
and the remaining border is formed by carpal 
bones connected by intercarpal ligaments. Alt-
hough wrist anatomy is known for its constituents, 
the morphological properties of the carpal tunnel 
structure are not well recognized. 

Carpal tunnel morphometry provides useful ana-
tomical information to screen at risk populations for 
carpal tunnel pathologies, determine aberrant 
changes to the carpal tunnel and its contents, aid 
in surgical planning, and evaluate surgical effects. 
For example, studies have found correlations be-
tween anthropometry and morphometry of the 
hand and wrist with median nerve latency and 
even carpal tunnel syndrome (Bleecker et al., 
1985; Chroni et al., 2001; Gordon et al., 1988; Ka-
molz et al., 2004; Radecki, 1994). Morphometry of 
the carpal tunnel has also been used to evaluate 
the extent of median nerve compression (Brahme 
et al., 1997; Buchberger et al., 1991; Buchberger 
et al., 1992; Kamolz et al., 2004; Lee et al., 2005; 
Lee et al., 1999; Mesgarzadeh et al., 1989b; 
Zagnoli et al., 1999). Other studies have linked 
median nerve compression with TCL palmar bow-
ing (Mesgarzadeh et al., 1989b) and carpal tunnel 
stenosis (Dekel et al., 1980; Healy et al., 1990; 
Papaioannou et al., 1992). For surgical planning, 
the carpal tunnel depth can indicate the technique 
needed for carpal tunnel release (Kamolz et al., 
2001). Lastly, carpal tunnel release has been 
shown to change carpal tunnel morphology 
(Ablove et al., 1994; Cho et al., 2008; Kato et al., 
1994; Kim et al., 2013; Lee et al., 2005; Richman 

 

49 

Submitted: 24 June, 2014. Accepted: 27 October, 2014. 

Corresponding author: Zong-Ming Li, PhD. Cleveland Clinic, 

9500 Euclid Avenue, ND20 Cleveland, OH 44195, USA. Tel: 

(216) 444-1211; Fax: (216) 444-9198. E-mail: liz4@ccf.org 



Carpal tunnel morphology  

 50 

et al., 1989). 
Although carpal tunnel morphometry is useful for 

many purposes there are some limitations in how it 
is currently utilized. For example, some studies 
have evaluated carpal tunnel dimensions along 
anatomically defined axes in the radio-ulnar and 
dorso-palmar directions (Cobb et al., 1993; Kamolz 
et al., 2001; Kamolz et al., 2004; Lee et al., 2005; 
Lee et al., 1999; Liang, 1987; Sora and Genser-
Strobl, 2005). However, the carpal tunnel has been 
indicated as an elliptical shape that is oriented 
obliquely with respect to the anatomical axes 
(Mogk and Keir, 2008; Pacek et al., 2010; Rob-
bins, 1963). Therefore, the major axis of the carpal 
tunnel is not aligned with the standard anatomical-
ly defined directions. Mogk and Keir (2008) meas-
ured the largest width and depth of the oblique 
carpal tunnel, but the orientation of the tunnel was 
not reported. Pacek et al. (2010) reported elliptical 
dimensions of the carpal tunnel, including the tilt 
angle of the ellipse, but did not differentiate the 
dimensions of the distal carpal tunnel.  

The distal carpal tunnel at the hook of the ha-
mate is clinically pertinent because it is a common 
site for median nerve compression (Buchberger et 
al., 1991; Mesgarzadeh et al., 1989b) due to re-
gional stenosis (Dekel et al., 1980), structural stiff-
ening (Xiu et al., 2010), and pressure elevation 
(Goss and Agee, 2010; Mesgarzadeh et al., 1995). 
Therefore, the main purpose of this study is to in-
vestigate the morphometric characteristics (e.g. 
elliptical properties) of the distal carpal tunnel and 
its surrounding structures. A secondary purpose is 
to examine the relationships among the morpho-
logical parameters. 

 

MATERIALS AND METHODS 
 

Morphometric analyses were performed on the 
cross section at distal carpal tunnel aligned with 
the hook of hamate. The magnetic resonance 
(MR) imaging data used in this study was a part of 
our previous study for an investigation of the rela-
tionship between carpal tunnel pressure and tun-
nel cross-sectional area (Li et al., 2011). Briefly, 
MR imaging data were collected from eight cadav-
eric specimens (mean age of 47.4 years, 42-55 
years) with no previously documented injury or 
surgery to the wrist. Upon dissection preparation, a 
medical balloon filled with a contrast agent was 
inserted into an evacuated carpal tunnel to apply a 
nominal pressure of 10 mmHg (Fig. 1).  

Each MR image was analyzed using ImageJ 
(v1.43, National Institutes of Health, USA) to ob-
tain morphological parameters of the carpal tunnel 
(Fig. 2). The polygon selection tool was used to 
outline (1) the balloon boundary (i.e. carpal tun-
nel), (2) the interior carpus boundary, and (3) the 
exterior carpus boundary (Fig. 1). The balloon 
boundary, in combination with a convex hull tech-
nique, served as the boundary of the carpal tunnel. 
The convex hull technique aided in reconstruction 
of the boundary with a smooth envelope that re-
moved cavities caused by the wrinkles in the bal-
loon. The interior carpus boundary included the 
carpal tunnel but extended, primarily in the dorsal 
and radial directions, to the interior boundary of the 
carpal bones to include the intercarpal ligaments 
(Gabra and Li, 2013). The exterior carpus bounda-
ry extended to the exterior boundary of the carpal 
bones, including the carpal tunnel, intercarpal liga-

Fig. 1 (left). A representative magnetic resonance (MR) image of the carpal tunnel at the level of the hook of the ha-
mate and the ridge of the trapezium displaying the balloon (i.e. carpal tunnel) boundary (dotted line), interior carpus 
boundary (solid line), and exterior carpus boundary (dashed line). 

 

Fig. 2 (right). Morphological parameters of the carpal tunnel.  Shown are the morphological parameters for carpal arch 
width (CAW, solid line with endpoints), carpal arch height (CAH, dashed line), cross-sectional area (shaded region), 
and perimeter (outline of shaded region) with elliptical fit parameters such as major axis length (dashed dot line), minor 
axis length (dotted line), and pronation angle (θ) relative to the hamate-trapezium axis (dashed line with arrows).  
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ments, and the carpal bones.  
Several morphological outcomes were derived 

from each boundary, including area, perimeter, 
and fit ellipse parameters (i.e. major axis length, 
minor axis length, aspect ratio, and orientation) 
(Fig. 2). Orientation of a boundary was measured 
by the pronation angle, which is defined as the 
angle between the major axis and the hamate-
trapezium axis (i.e. a line connecting the most vo-
lar aspects of the hook of the hamate and the 
ridge of the trapezium). The carpal arch width 
(CAW) was defined as the distance between the 
hook of hamate and the ridge of the trapezium. 
Then, the midpoint between the CAW endpoints 
was identified along the hamate-trapezium axis, 
and the carpal arch height (CAH) was determined 
as the perpendicular distance from this midpoint to 
the dorsal border of the TCL.  

A one-way repeated-measures ANOVA was per-
formed to compare the carpal tunnel, interior car-
pus boundary, and the exterior carpus boundary 
for each outcome parameter (area, perimeter, ma-
jor axis length, minor axis length, aspect ratio, pro-
nation angle). A repeated-measures ANOVA on 

ranks was performed for those parameters that 
failed equal variance testing. Spearman Rank Or-
der correlation and linear regression analyses 
were performed to determine the relationship be-
tween the CAW and each parameter. A p-value 
less than 0.05 was considered statistically signifi-
cant. 

 
RESULTS 

 

The eight specimens (n = 8) had an average car-
pal arch width (CAW) of 23.9 ± 2.9 mm and a car-
pal arch height (CAH) of 2.2 ± 0.9 mm.  The cross-
sectional areas formed by the carpal tunnel, interi-
or carpus boundary, and exterior carpus boundary 
were 183.5 ± 30.1 mm2, 240.7 ± 40.2 mm2, and 
1002.3 ± 183.7 mm2, respectively. The exterior 
carpus boundary had a significantly larger area 
than both the interior carpus and carpal tunnel 
boundaries (p < 0.001). More specifically, the area 
of the exterior carpus boundary was 5.5 and 4.2 
times those of the carpal tunnel and interior carpus 
boundary, respectively. The perimeters of the car-
pal tunnel, interior carpus and exterior carpus 

Table 1. Spearman rank order correlation coefficients among the morphological parameters 

      Carpal Tunnel Interior carpus Exterior carpus 
    CAW Perimeter Major Minor Perimeter Major Minor Perimeter Major Minor 

Carpal 
Tunnel 

Perimeter 0.786*                   
Major 0.810* 0.952*                 
Minor 0.619 0.690* 0.762*               

Interior 
carpus 

Perimeter 0.810* 0.833* 0.762* 0.333             
Major 0.857* 0.762* 0.810* 0.381 0.810*           
Minor 0.310 0.714* 0.690* 0.762* 0.381 0.262         

Exterior 
carpus 

Perimeter 0.452 0.548 0.548 0.071 0.667 0.738* 0.381       
Major 0.571 0.429 0.429 -0.190 0.714* 0.810* -0.167 0.738*     
Minor 0.476 0.881* 0.881* 0.595 0.643 0.595 0.833* 0.619 0.310   

* p<0.05 

Fig. 3 (left). Linear regression analysis of perimeter as a function of carpal arch width (CAW) for the carpal tunnel and 
interior carpus boundary.  

Fig. 4 (right). The mean and standard deviation of major and minor axes length with statistical results for the carpal 
tunnel, interior carpus boundary, and exterior carpus boundary (* and ♦ denote p < 0.05; † and ‡ denote p < 0.001).  
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boundaries were 54.8 ± 4.5 mm, 68.5 ± 7.0 mm, 
and 130.6 ± 11.8 mm, respectively, and they were 
significantly different from one another (p < 0.001). 
The perimeters of the carpal tunnel and interior 
carpus boundaries significantly correlated with the 
CAW (Table 1, Fig. 3). 

The major axis length of the carpal tunnel bound-
ary elliptic fit was 21.3 ± 1.8 mm while that of the 
interior carpus boundary was 24.4 ± 2.4 mm. The 
exterior carpus boundary major axis length, 47.2 ± 
5.0 mm, was significantly larger than those of the 
carpal tunnel and interior carpus boundary (p < 
0.05) (Fig. 4). The major axis lengths of the carpal 
tunnel and the interior carpus correlated (p < 0.05) 
with CAW (Table 1) (Fig. 5). The minor axis 
lengths of the carpal tunnel (10.9 ± 1.1 mm), interi-
or carpus boundary (12.5 ± 1.2 mm), and exterior 
carpus boundary (26.9 ± 2.7 mm) were significant-
ly different from each other (p < 0.05) (Fig. 4). The 
aspect ratios of the carpal tunnel, interior carpus 
and exterior carpus boundaries were 1.96 ± 0.15, 
1.96 ± 0.19, and 1.76 ± 0.19, respectively. The 
aspect ratios of the carpal tunnel and interior car-
pus boundaries were not significantly different from 
each other (p > 0.05), but they were significantly 
greater (i.e. more elliptic) than that of the exterior 
carpus boundary (p < 0.001). The carpal tunnel’s 
major axis was pronated, relative to hamate-
trapezium axis, by 15.9 ± 2.2º, which was signifi-
cantly greater than the pronation angles of the in-
terior carpus boundary (8.2 ± 3.2º) and exterior 
carpus boundary (6.0 ± 3.0º) (p < 0.001). 

 
DISCUSSION 

 

Cross-sectional images at the carpal tunnel’s 
distal boundary were analyzed because it is a 
common site for median nerve compression 
(Buchberger et al., 1991; Mesgarzadeh et al., 
1989b). The carpal tunnel boundary was accurate-

ly delineated on the magnetic resonance images 
by the pressurized medical balloon. We also de-
fined the boundaries formed by the interior and 
exterior borders of carpal bones. The interior 
boundary was analyzed because previous studies 
have used this boundary to determine the carpal 
tunnel’s cross-sectional area (Dekel et al., 1980; 
Monagle et al., 1999; Papaioannou et al., 1992) 
even though it includes soft tissues that are sepa-
rate from the carpal tunnel (Gabra and Li, 2013). 
The exterior carpus boundary aided in size com-
parisons between the carpal tunnel and the sur-
rounding carpus.  Morphometric parameters were 
derived from and compared among the three 
boundaries. 

Carpal tunnel morphometry can assist in identify-
ing and evaluating abnormalities. For example, 
carpal arch height (CAH) is an indicator for the 
palmar bowing of the TCL (Buchberger et al., 
1991; Buchberger et al., 1992; Mesgarzadeh et al., 
1989a; Mesgarzadeh et al., 1989b; Monagle et al., 
1999), which may be due to a high carpal tunnel 
pressure (Kim et al., 2013; Li et al., 2011; Zagnoli 
et al., 1999). Studies have shown that patients with 
carpal tunnel syndrome have an increased carpal 
arch height compared to healthy individuals.  The 
CAH data from the current study (2.2 mm) agrees 
well with previous studies of normative populations 
(1.9-2.7 mm) (Allmann et al., 1997; Buchberger et 
al., 1991; Monagle et al., 1999).  To normalize the 
CAH, Mesgarzadeh et al. (1989a) reported a car-
pal arch bowing ratio (i.e. CAH/CAW) of 5.8%. The 
corresponding bowing ratio of the current study is 
9.2% (= 2.2/23.9) with a standard deviation of 
3.8% agrees with the in vivo data of Mesgarzadeh 
et al. (1989a). This provided support, as well as 
justification, that the pressurized medical balloon 
simulated the physiological pressure of the carpal 
tunnel in maintaining an arched TCL.  

Relative to the surrounding carpus, the carpal 
tunnel is considerably smaller in size. More specifi-
cally, the tunnel’s area is 18% (=183.5/1002.3) of 
the cross-sectional area of the exterior carpus 
boundary. The interior carpus boundary is 57 mm2 
greater than that of the tunnel area and it is at-
tributed to the soft tissues (e.g. intercarpal liga-
ments and flexor carpi radialis tendon) that abut 
the carpal tunnel on its ulnar, dorsal, and radial 
sides (Gabra and Li, 2013). The interior carpus 
boundary occupies 24% of the exterior carpus 
boundary area. The area difference between the 
exterior carpus boundary and interior carpus 
boundary (762 mm2) accounts for the area occu-
pied by the hamate, capitate, trapezoid, trapezium, 
and their intercarpal ligaments. Likewise, the exte-
rior carpus boundary has the largest perimeter and 
the carpal tunnel has the smallest perimeter. The 
carpal tunnel perimeter of 54.8 mm agrees with 
previous studies that reported this parameter for 
the carpal tunnel (52.3-54.9 mm) (Kamolz et al., 
2001; Mogk and Keir, 2008). The perimeters of the 

Fig. 5. Linear regression analysis of major axis length as 
a function of carpal arch width (CAW) for the carpal tun-
nel and interior carpus boundary.  
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carpal tunnel and interior carpal boundary are 42% 
(= 54.8/130.6) and 52% (= 68.5/130.6), respective-
ly, of the exterior carpus boundary’s perimeter.  
Such comparative measurements of the areas or 
perimeters among the boundaries is useful in iden-
tifying morphological changes caused by patholo-
gies such as callus formations (e.g. osteopetrosis), 
bone fractures, dislocations, deformity, and 
malalignment of the carpal bones (Mesgarzadeh et 
al., 1989b; Rakic et al., 1986; Schnetzler, 2008). 
The current study determined that the perimeters 
of the carpal tunnel and interior carpus boundary 
are strongly correlated with the CAW. Thus, the 
CAW-perimeter relationships provide a method for 
estimating the respective perimeter when the 
boundaries are not easily visualized in certain im-
aging modalities, such as ultrasound and radiog-
raphy.  

The carpal tunnel, interior carpus boundary, and 
exterior carpus boundary were elliptical in shape, 
which are quantified by geometrical parameters of 
the major axis length, minor axis length, aspect 
ratio, and pronation angle. Previous studies exam-
ined the radio-ulnar and dorso-volar diameters of 
the carpal tunnel aligned with anatomical axes 
without consideration of the tunnel’s oblique orien-
tation (Cobb et al., 1993; Kamolz et al., 2001; Ka-
molz et al., 2004; Lee et al., 2005; Lee et al., 1999; 
Liang, 1987; Sora and Genser-Strobl, 2005). The 
advantage of deriving the major and minor axes 
from a fit ellipse is that the axes are intrinsic prop-
erties of the shape, which are invariant to defined 
coordinate systems.  

From the fit ellipse analysis, the major axis in-
creased sequentially for the carpal tunnel, interior 
carpus boundary, and exterior carpus boundary. 
The interior carpus boundary has a larger major 
axis than that of the carpal tunnel because of in-
clusion of flexor carpi radialis tendon, and the in-
creased major axis of the exterior carpus boundary 
is due to the width of the carpal bones, primarily 
the hamate and trapezium. We also found that the 
major axis of the carpal tunnel and interior carpus 
boundary strongly correlated with the CAW, which 
corroborates with a previous study showing a 
strong correlation between the carpal tunnel major 
axis length and the width of the palm (Pacek et al., 
2010). However, the width of the palm can be af-
fected by soft tissues and thus a wider palm, due 
to fatty tissue, may not mean a wider carpal tun-
nel. The CAW is determined from osseous land-
marks and therefore eliminates the influence of 
soft tissues for prediction of the major axes of the 
carpal tunnel and the interior carpus boundary.  

The minor axis length of the carpal tunnel could 
be used for identifying aberrant changes to the 
carpal tunnel and for surgical planning. For exam-
ple, a decrease in the carpal tunnel’s minor axis 
length could be due to fat development on the cap-
itate-trapezium ligament (Mesgarzadeh et al., 
1989a). The minor axis of the carpal tunnel is also 

an indicator of the carpal tunnel’s depth to deter-
mine the technique of carpal tunnel release. An 
endoscopic trocar that is larger than the tunnel 
depth may increase the risk of injury to the median 
nerve during endoscopic carpal tunnel release, 
and therefore indicates the use of an open carpal 
tunnel release technique (Kamolz et al., 2001). 
Similar to the trend of other parameters, the minor 
axis increased sequentially for the carpal tunnel, 
interior carpus boundary, and exterior carpus 
boundary, respectively. The minor axis of the inte-
rior carpus boundary is larger than that of the car-
pal tunnel due to the palmar intercarpal ligaments 
(Gabra and Li, 2013).  

The aspect ratio was calculated as the ratio of 
the major axis to the minor axis, quantifying the 
extent of non-circularity. A minimum aspect ratio of 
1 indicates a circular shape, while a greater aspect 
ratio indicates a more elliptical shape. A previous 
study reported the roundness (i.e. inverse of the 
aspect ratio) of the carpal tunnel as 0.474 (Mogk 
and Keir, 2008), which is consistent with the cur-
rent finding of a roundness value of 0.51 (= 
1/1.96). Interestingly, previous studies have sug-
gested a link between carpal tunnel syndrome and 
the aspect ratio of the carpal tunnel (Kamolz et al., 
2004; Mogk and Keir, 2008). Kamolz et al. (2004) 
showed that persons with carpal tunnel syndrome 
have rounder carpal tunnels, i.e. smaller aspect 
ratio, than healthy controls, which may be ex-
plained by the increased CAH (Buchberger et al., 
1991; Buchberger et al., 1992; Mesgarzadeh et al., 
1989b; Mogk and Keir, 2008; Monagle et al., 
1999). 

 We found that the major axes of the carpal tun-
nel, interior carpus boundary, and exterior carpus 
boundary were oblique to the hamate-trapezium 
axis. Among the three boundaries, the carpal tun-
nel has the greatest pronation angle (15.9°), fol-
lowed by the interior carpus boundary (8.2°) and 
exterior carpus boundary (6.0°). In a previous 
study using a silicon molding and digitization tech-
nique, Pacek et al. (2010) also reported tilt angles 
of the carpal tunnel, progressively increasing from 
8° at the proximal level to 16° at the distal level. 
The pronation angle (15.9°) of the carpal tunnel at 
the hamate level in this study is in agreement with 
the findings of Pacek et al. (2010). In a study by 
Mogk and Keir (2008), the pronation angle of the 
carpal tunnel was not explicitly quantified, but the 
authors made the observation that the carpal tun-
nel was pronated from the anatomical axes by ap-
proximately 30°. This observation (Mogk and Keir, 
2008) is also in agreement with the results of the 
current study. This is because the hook of the ha-
mate is generally more dorsal than the ridge of the 
trapezium causing the hamate-trapezium axis to 
have some degree of pronation relative to the sur-
face-based anatomical radio-ulnar axis. Given that 
the pronation angle in the current study was quan-
tified with respect to the hamate-trapezium axis, 
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the carpal tunnel is even more pronated relative to 
the radio-ulnar axis based on surface anatomy.  

The oblique orientation of the carpal tunnel may 
help explain functional kinematics of the wrist relat-
ed to the dart-thrower’s motion (Li et al., 2005; 
Moritomo et al., 2007; Palmer et al., 1985; Werner 
et al., 2004). In many functional tasks of the hand, 
the wrist has a tendency of angular motion from 
radial-extension to ulnar-flexion, i.e. dart-thrower’s 
motion, around an oblique axis of rotation 
(Capener, 1956; Fisk, 1981; Li et al., 2005; Morito-
mo et al., 2007; Palmer et al., 1985). The pronated 
major axis of the carpal tunnel determined in the 
current study may be in alignment of the rotational 
axis of the dart-thrower’s motion of the wrist. Sev-
eral factors such as ligament constraints, bony 
configuration, and muscle actions have been as-
cribed to the dart thrower’s motion (Capener, 
1956; Moritomo et al., 2007; Saffar and Semaan, 
1994), but carpal tunnel morphology may also be 
implicated to dart-thrower’s motion. Furthermore, 
the oblique orientation of the carpal tunnel may 
also be associated with the oblique orientation of 
the wrist’s mechanical axes.  For example, the 
stiffness profile of the wrist has a major axis that is 
oriented -69° from the directions of pure flexion 
(volarly) and extension (dorsally) meaning that it is 
“pronated” 21° from the radial-ulnar axis (Crisco et 
al., 2011). Thus, the carpal tunnel’s major axis is 
similarly pronated as that of the wrist’s stiffness 
profile. 

Generally, the morphological parameters among 
the three boundaries were correlated with each 
other (Table 1). Interestingly, 7 of the 9 pairs be-
tween the carpal tunnel and interior carpus bound-
ary had high correlation coefficients, which can be 
explained by their proximity in size and shape of 
the two boundaries. In contrast, only 4 of the 9 
pairs had high correlation coefficients between the 
interior and exterior carpus boundaries. Morpho-
logical parameters of the carpal tunnel are not 
strongly correlated with those of the exterior car-
pus boundary. This indicates that the shapes of 
these two boundaries are not uniformly scaled, 
due to the fact that the carpal bones situate on the 
dorsal aspects of the carpal tunnel. 

We acknowledge a few limitations in this study. 
One limitation is that morphometry was not per-
formed on the skin/surface boundary of the wrist 
due to the dissection of the tissues for the insertion 
and positioning of the pressurized medical balloon 
in the carpal tunnel to mimic a physiological pres-
sure condition in cadaveric hands. The dissection 
disrupted the tissue structure volar to the trans-
verse carpal ligament, but should have little influ-
ence on the carpal tunnel that is dorsal to the 
transverse carpal ligament. Another limitation is 
that the findings reported in this study are based 
on the distal level of the carpal tunnel and they 
may not be applicable to other levels along the 
tunnel. Future studies are needed to characterize 

the three-dimensional morphological anatomy of 
the tunnel by including the entire tunnel length. 
Lastly, the measurements presented in this study 
are pertinent to a normative population. These 
findings could be affected by pathologies of the 
carpal tunnel and wrist, and future studies can de-
termine the pathological changes to the carpal tun-
nel morphology. 

In summary, we have investigated the morpho-
logical properties of the carpal tunnel and its 
neighboring structures. The cross-sectional area of 
the tunnel, at the level of hamate level, is less than 
20% of the area enclosed by the carpal bones. 
The carpal tunnel’s cross-section is elliptical in 
shape with a major axis that is twice as large as its 
minor axis. Furthermore, the tunnel’s cross section 
is obliquely oriented with its major axis pronated 
with respect to the anatomical radio-ulnar axis. 
The interior and exterior carpus boundaries also 
had elliptical cross-sections. The results of the 
morphological properties of the carpal tunnel and 
its surrounding configuration enhance our under-
standing of carpal tunnel structure and function for 
clinical applications.  
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