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Abstract

Objective: To assess the separate effects of thumb and finger extension/flexion on median nerve position and cross-
sectional area.

Methods: Ultrasonography was used to assess median nerve transverse position and cross-sectional area within the carpal
tunnel at rest and its movement during volitional flexion of the individual digits of the hand. Both wrists of 165 normal
subjects (11 men, 4 women, mean age, 28.6, range, 22 to 38) were studied.

Results: Thumb flexion resulted in transverse movement of the median nerve in radial direction (1.260.6 mm), whereas
flexion of the fingers produced transverse movement in ulnar direction, which was most pronounced during flexion of the
index and middle fingers (3.260.9 and 3.161.0 mm, respectively). Lesser but still statistically significant movements were
noted with flexion of the ring finger (2.060.8 mm) and little finger (1.260.5 mm). Flexion of the thumb or individual fingers
did not change median nerve cross-sectional area (8.561.1 mm2).

Conclusions: Volitional flexion of the thumb and individual fingers, particularly the index and middle fingers, produced
significant transverse movement of the median nerve within the carpal tunnel but did not alter the cross-sectional area of
the nerve. The importance of these findings on the understanding of the pathogenesis of the carpal tunnel syndrome and
its treatment remains to be investigated.
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Introduction

The carpal tunnel is the site of the most common entrapment

neuropathy [1]. As a result, the tunnel and its contents have been

studied extensively. Much has been learnt but the etiology of the

carpal tunnel syndrome (CTS) and the relative roles of pressure,

strain, swelling, and repetitive motion remain controversial [2–5].

What is clear, however, is that the carpal tunnel presents a

dynamic milieu. Not only do tendons and the median nerve move

in conjunction with hand and finger movements [6–11] but that

hand and finger movements can change the cross-sectional area of

the nerve [12].

Movement of the structures within the carpal tunnel is a

complex process. Longitudinal sliding of the tendons and median

nerve with hand and finger movements is intuitively obvious and

well established. In fact, previous studies showed that 90u
extension of the fingers from a flexed position is associated with

about 2.5 mm proximal shifting of the nerve in both normal

subjects and those with CTS. More recent studies have also

demonstrated transverse movement of the median nerve within

the tunnel during movement of the four fingers into flexion and

extension [13],[14]. However, whether movements of the individ-

ual digits of the hand are associated with movement of the nerve

remain unknown at present. This may be a significant gap in our

understanding of the carpal tunnel as many of the repetitive

activities (such as typing) that are considered to be associated with

the development of CTS involve the preferential use of selected

digits. The purpose of this study was to provide an understanding

of the effects of flexion and extension of the individual fingers of

the hand on median nerve position in the carpel tunnel in normal

subjects. Such data should serve as a background for defining the

pathophysiology of CTS and help design appropriate rehabilita-

tion program for the prevention and treatment of CTS. As a first

step towards achieving this goal, we determined in this study the

separate effects of movements of individual digits of the hand on

the position and movement of the median nerve within the carpal

tunnel.
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Materials and Methods

Ultrasonography of the carpal tunnels of both wrists was

performed in a sample of 15 healthy volunteers (11 men and 4

women, mean age 28.6 years, range 22–38) who had no evidence

or history of pain or dysfunction of the upper extremity. The study

protocol was approved by the Human Ethics Review Committee

of Wakayama Medical University, School of Medicine, and a

signed consent form was obtained from each subject.

Imagining was performed in a standardized manner by the first

author who is an experienced ultrasonographer using the LOGIQ

500PRO (GE Medical Systems Milwaukee, WI) device with 6–

13 MHz band linear transducer. Examinations were performed

with the subject sitting in a relaxed position with the elbow bent at

90u of flexion and supine forearm, while resting comfortably in a

shallow water tank. Water temperature was about 30uC and

ultrasonography was performed with the probe of the ultrasound

machine held at the level of the wrist crease about a millimeter

above the surface of the skin.

Each subject was first familiarized with the experiment. Five

ultrasound images were then obtained with the hand in a relaxed

position with the fingers extended and adducted. Subsequently,

the subjects were asked to bend and extend the individual fingers

several times at various degrees of strength up to the maximal

comfortable level. Each digit was then examined individually with

the free digits gently held in extension by an investigator while the

subject complied with the instructions to perform the ‘‘maximal

comfortable flexion possible’’ with their free digit for five seconds

while the ultrasound images were collected. The subject was then

allowed to relax and the process was repeated with the other digits

in a similar manner. Five 2-dimensional images were obtained at

each data collection position.

Cross-sectional width and depth of the carpel tunnel were

measured by the ultrasound equipment. Imaging data were

imported into a personal computer and the cross-sectional area

was computed using an image processing software (Scion Image

for Window 4.0.2 Beta, Scion Corporation, MD). Median nerve

movement was defined as the difference in the position of the

nerve when the digit under consideration was at full flexion

relative to its rest position at full extension. Data reported in the

text and tables represent the average of five images in terms of

absolute measurements as well as when normalized to the

transverse motion and cross-sectional area of the median nerve.

All data were expressed as mean 6SD. Differences between

groups were examined for statistical significance by one-way

ANOVA, and Tukey-Kramer post-hoc test. The level of

significance was set at P,0.05.

Results

The median nerve was surrounded by the flexor retinaculum,

tendons of the flexor pollicis longus and the flexor digitorum

superficialis (FDS) of the index and middle fingers when the hands

were in resting position (i.e., with the wrist in a neutral position

and the fingers and thumb extended, Fig. 1a). Table 1 shows the

median nerve width, thickness and area measured at resting

position.

Active thumb flexion produced a radial transverse shift

(1.260.6 mm) of the median nerve to a location just beneath

the flexor retinaculum. Flexion of the fingers, however, always

produced a significant ulnar transposition of the nerve that was

most marked with movement of the index (3.260.9 mm,

p,0.001) and middle fingers (3.161.0 mm, p,0.001) (Fig. 1b).

Lesser but still statistically significant movement was noted in

association with flexion of the ring finger (2.060.8 mm, p,0.001),

while movement of the thumb and little finger produced a small

but significant transverse shift of the nerve (1.260.6 and

1.260.5 mm, p,0.001, respectively) of that produced by the

index and long fingers. (Fig. 2)

Flexion of the digits tended to produce a reduction in the cross-

sectional area of the nerve but the magnitude of these changes did

not reach statistical significance. (Thumb: 8.261.2, index

8.061.3, long 8.161.1, ring 8.161.2, and little 8.261.2 mm2)

(Fig. 3).

Discussion

This report extends the work of previous investigators and

demonstrates that not only the median nerve is transversely

Figure 1. Ultrasonographic images. (a) View of the carpal tunnel with fingers at rest position. (b) View of the carpal tunnel with fingers at flexion
position. Note median nerve movement in ulnar direction (from the left mark to the right) and movement of the FDS and FDP of the index and long
fingers in radial direction.
doi:10.1371/journal.pone.0083565.g001

Table 1. Ultrasonographic measurement of the median nerve
at rest (n = 30).

Median nerve width, mm 7.060.8

Median nerve thickness, mm 2.260.3

Median nerve area, mm2 8.561.1

Values are mean6SD.
doi:10.1371/journal.pone.0083565.t001
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displaced by mass flexion of the fingers as shown in those studies

[13–15], but that movements of the individual digits also produce

transverse motion. However, in this study, flexion of the index and

long finger produced somewhat larger transverse nerve movement

(about 3 mm rather than the 2 mm reported by Nakamichi and

Tachibana [14]) while flexion of the other digits produced smaller

movements than that recorded by the same investigators.

Furthermore, the magnitude and direction of the nerve movement

were dependent on the digit involved; flexion of the thumb

resulted in a radial displacement of the median nerve whereas

finger flexion was associated with ulnar displacement, which was

most pronounced with the index and long fingers.

The relative roles of adhesive forces, tension, subcutaneous

connective tissue, and potential space in the transverse movement

of the median nerve with flexion of the digits may be difficult to

separate. However, it is intriguing that flexion of the index and

middle fingers produced the largest transverse displacement of the

median nerve; in fact, the tendons of the FDS and flexor digitorum

profundus are anatomically the closest to the nerve. The tendon of

the flexor pollicis longus and those of the FDS and flexor

digitorum profundus of the ring and little fingers are further away

from the nerve and movement of these digits produced much

smaller displacements of the nerve. The finding that movement of

the individual digit does not alter median nerve area suggests that

the forces involved in these movements are too small to produce a

significant distortion of the median nerve. What are the effects of

repetitive movements on the above relationship? and does the

pathology underlying CTS alter the above relationship? The

answers to these questions no doubt require further investigations.

A number of questions can be raised about this study. One of

these is the use of ultrasonography. While an alternative

technology could have been magnetic resonance imaging, we

believe that ultrasonography is an appropriate and far less

cumbersome and expensive choice. In fact, median nerve

ultrasonography is a well-established tool in the investigation of

the carpal tunnel and CTS. Indeed, there appears to be a high

correlation in individuals with CTS between electrodiagnostic

conduction abnormalities, self-administered assessments, and

measurement of the cross-sectional area of the nerve by

ultrasonography [16]. Some investigators have reported that the

sensitivity and specificity of ultrasonography in the measurement

of median nerve cross-sectional area and diagnosis of CTS are as

high as 89% and 94.7%, respectively [17].

The study protocol is also an important issue. We used water

submersion ultrasonography with 1-mm space between the probe

and the wrist, as we believe that this approach avoids possible

confounding effect of extrinsic pressure from the probe being

applied to the volar surface of the carpal tunnel. Past reports have

not always been clear about the effect of pressure of the probe on

the wrist and we do not know how significant a factor this might

be. The aim of such approach, however, was to avoid the issue

entirely and avoid the effects of even a mild external distortion or

extrinsic pressure on the positioning and movement of the carpal

tunnel contents.

Splinting of the wrist and hand is a common conservative

management of CTS, which is based on the premise that rest and

reduced movement of the contents of the carpal tunnel facilitates

resolution of inflammation or reduces irritation of its contents. The

mechanism, and in fact the beneficial effects of splinting, are

arguable and it is not clear whether the benefits that are observed

in such patients, if any, are due to reduction in intra-tunnel

pressure or reduction of movements of the contents of the tunnel

[2–4],[18–20]. Our findings suggest that stabilization of the wrist

and index/long fingers rather than the entire hand may be

sufficient to obtain the benefits of splinting in the least restrictive

manner. However, the limitation of this study is that the

participating subjects were normal adults and not patients with

CTS. Similar studies in such patients are warranted.

In summary, the present study indicated that flexion and

extension of the fingers and thumb produced significant transverse

movement of the median nerve within the carpal tunnel but had

little or no acute effects on the cross-sectional area of the nerve.

The significance of these findings on the etiology and treatment of

CTS remain to be determined.
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Figure 2. Transverse movement of the median nerve during
digit movement. Data are mean6SD. *P,0.001, compared between
median nerve transverse movement during flexion of each finger.
doi:10.1371/journal.pone.0083565.g002

Figure 3. Median nerve cross-sectional area during digit
movement. Data are mean±SD.
doi:10.1371/journal.pone.0083565.g003
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