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Abstract

Rationale and Objectives: Carpal tunnel syndrome (CTS) is the most common peripheral
nerve entrapment syndrome. Strong pinch or grip with wrist flexion has been considered a risk
factor for CTS. Studying median nerve displacement during wrist movements may provide useful
information about median nerve kinematic changes in CTS patients. The purpose of this study was
to evaluate the deformability and mobility of the median nerve in CTS patients compared to
healthy subjects.

Materials and Methods: Dynamic ultrasound images were obtained in 20 affected wrists of 13
patients with CTS. Results were compared to complementary data obtained from both wrists of 10
healthy subjects reported in a previous study. Initial and final median nerve shape and position
were measured and analyzed for six defined wrist movements. The deformation ratios for each
movement were defined as the median nerve area, perimeter and circularity of the final position
normalized by respective values assessed in the initial position. The median nerve displacement
vector and magnitude were also calculated.

Results: The deformation ratio for circularity was significant less in CTS patients compared to
healthy subjects during wrist flexion (P<0.05). The mean vector of median nerve displacement
during wrist flexion was significantly different between CTS patients and healthy subjects
(P<0.05). The displacement magnitude of the median nerve was found to be less in CTS patients
compared to healthy subjects during most movements, with the exception of wrist extension with
fingers extended.

Conclusions: CTS Patients differ from normal subjects with regard to mobility and
deformability of the median nerve.
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INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common peripheral nerve entrapment syndrome,
and its precise etiology remains largely unclear. Like other peripheral nerves, the median
nerve is exposed to various mechanical stresses related to limb postures and movements. In
the case of the median nerve in the carpal tunnel, the relevant movements are of the fingers
and wrist. The median nerve response to these stresses is a combination of displacement and
deformation (1). Both displacement and deformation are known to vary from normal in CTS
patients, due to increased carpal tunnel pressure and to fibrosis in the median nerve and the
surrounding tissue in the carpal tunnel (2, 3).

Actuated by finger or wrist motion, the median nerve can displace in three dimensions.
Longitudinal sliding of the median nerve in the carpal tunnel has been observed both in vitro
and in vivo (4-9). Reduced longitudinal excursion of the median nerve at the carpal tunnel
has been identified in CTS patients.(5, 10) Transverse motion of the median nerve has also
been studied in the carpal tunnel in normal subjects (11, 12) and CTS patients (1, 13).
Nakamichi et al. found reduced transverse motion of the median nerve during passive
flexion and extension of the index finger in CTS patients (1). Erel et al. studied the
transverse motion of the median nerve during passive extension of the digits at the
metacarpophalangeal joint from 90° flexion to neutral. Their results showed that in CTS
patients there was a significant reduction in transverse movement on the more symptomatic
side compared to the contralateral (13).

Compared to finger movement, wrist movements may have more influence on the
pathomechanism of CTS. Activities performed with the wrist flexed or extended have been
considered to be risk factors for CTS (14). Wrist position affects not only the interstitial
fluid pressure in the carpal tunnel (3, 15, 16), but also the direct contact pressure on the
median nerve from the adjacent tissues, including the flexor tendons, subsynovial connective
tissue (SSCT) within the carpal tunnel, and the wrist flexor retinaculum (15, 17, 18). The
shear strain index between the tendon and median nerve is higher at 60 degrees of wrist
flexion compared to 30 degrees of flexion, full wrist extension or neutral wrist positions
(19). The gliding resistance of flexor tendons against the flexor retinaculum is also
significantly increased at 60 degrees of wrist flexion compare to the neutral position (20).

Despite the importance of wrist position in the pathomechanism of CTS, there are few
studies that have addressed the transverse deformation and mobility of the median nerve
associated with wrist movement (21-24). For normal subjects, quantitative data of the
median nerve displacement and deformation were obtained either by MR imaging or high
frequency ultrasound (22, 23). Consistent findings which showed the median nerve adopting
a rounder shape with the wrist flexion compared to the wrist neutral position were reported
in these studies. For CTS patients, Allmann et al. investigated the median nerve during wrist
flexion and extension in CTS patients. However, only qualitative displacement results were
reported, and deformation of the median nerve was not described (21). To our knowledge,
no studies have compared quantitatively the median nerve motion and deformation during
wrist motion between CTS patients and healthy controls.

In this study, we investigated both the deformation and mobility of the median nerve in the
cross-sectional plane during six different hand and wrist motions in CTS patients and
compared these results to those previously reported for normal subjects (23). Our hypothesis
was that the deformability and mobility of the median nerve in response to maximal wrist
flexion, extension or ulnar deviation may be reduced in patients with CTS. We believe that
such information could be valuable to the study of kinematics of the median nerve in
patients with CTS.
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MATERIALS AND METHODS

Thirteen patients with clinically diagnosed CTS were recruited (6 men, 7 women, mean age
50.9 with a range of 41-60 years) according the diagnostic criteria of the Quality Standards
Subcommittee of the American Academy of Neurology (25). Among them, 7 patients had
bilateral CTS and the remaining 6 patients had unilateral CTS, thus a total of 20 wrists with
CTS were included in this study. Patients were excluded if they had the following
conditions: rheumatoid arthritis; osteoarthritis; degenerative joint disease in the hand or
wrist; flexor tendinitis in the hand or wrist; space occupying lesions of the wrist; coexistent
neurologic diseases, such as polyneuropathy, proximal median neuropathy, cervical
radiculopathy, diabetes mellitus; history of fractures or other trauma to the hand or wrist;
other systematic diseases. Similar methods were applied in a previous study of normal
subjects, which reported on 10 healthy volunteers (4 men, 6 women, mean age: 39.1 with a
range of 25-56 years) with no clinical signs or symptoms of CTS (23). Both wrists were
evaluated in each volunteer. Thus a total of 20 wrists were examined in the previous study,
which will serve as a control group for the current study.

Ultrasound Examination

Each subject was imaged while sitting with the shoulder in the neutral position and the
forearm supinated. The forearm of the subject was placed on a custom-made table with the
wrist in the neutral position. An ultrasound scanner (Acuson Sequoia C512, Siemens
Medical Solutions, Malvern, PA, USA) was used, equipped with a linear array transducer
(15L8; frequency: 8-14MHz). The depth of the ultrasound image was adjusted to 25-30 mm,
depending on the tissue thickness of the examined hand. Ultrasound examinations were
performed by a radiologist with more than 5 years of experience in musculoskeletal
ultrasound. The image acquisition frame rate was set to 70 Hz with minimal image
compression.

The transducer was placed at the proximal carpal tunnel. The proximal carpal tunnel was
defined as the area between the pisiform and the scaphoid tubercle; these two landmarks are
palpable on the palm of the hand and could be easily identified on ultrasound with the
characteristics of hyperechoic surface and strong posterior acoustic shadowing. The
transducer was maintained perpendicular to the median nerve in order to get clear images
and to avoid anisotropic artifact. To stabilize the transducer during finger or wrist motion
and to minimize compression of the tissue within the carpal tunnel, a custom-made
transducer-fixing device was fastened at the subjects’ palm (23). To measure the wrist angle
during wrist movement, a 2-axis tilt sensor (CXT102, Crossbow Technology, Inc., Milpitas,
CA, USA) functioning as a goniometer was fixed to the back of the hand. Both dorsal-
palmar and radial-ulnar rotational motion was collected during the wrist movements. The tilt
sensor only registers angulation relative to the gravity vector. To allow it measure wrist
angle for both motion planes, difference orientations of the wrist and sensor relative to the
wrist were required. It was mounted with its base parallel to the dorsal plane of the hand for
the wrist dorsal-palmar movement (the first position of the wrist was at the horizontal
plane). For the wrist radial-ulnar movement, the forearm was rotated such that wrist radial-
ulnar movement followed the vertical plane, and the tilt sensor was repositioned to allow its
base to again be parallel with the horizontal plane. Tilt sensor data measuring wrist angles
were collected concurrently with ultrasound data at a sample rate of 36 Hz.

Dynamic ultrasound images were obtained during the following finger and wrist
movements:
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1. Finger flexion, defined as the wrist held in the neutral position while all four
fingers and the thumb moved from full finger extension to maximal flexion,
forming a fist;

2. Wrist flexion with finger s extended, defined as wrist motion from the neutral
position to maximal flexion while all fingers and the thumb were held in full
extension;

3. Wrist flexion with finger s flexed, defined as wrist motion from the neutral
position to maximal flexion while all fingers and the thumb were held in full
flexion to form a fist;

4. Wrist extension with fingers extended, defined as wrist motion from the neutral
position to maximal extension while all fingers and the thumb were held in full
extension;

5. Wrist extension with finger s flexed, defined as wrist motion from the neutral
position to maximal extension while all fingers and the thumb were held in full
flexion to form a fist;

6. Wrist ulnar deviation with fingers extended, defined as wrist motion from the
neutral position to maximal ulnar deviation while the fingers and the thumb were
held in full extension.

Before data collection, the subjects would practice the motion 2-3 times with the examiner.
All movements were repeated again 3 times for the experiment. The clip in which the
median nerve was observed most clearly was chosen for final analysis.

Image Analysis

Images were evaluated using Analyze 11.0 software (Mayo Clinic, Rochester, MN, USA).
After the initial and final frames of the motion were selected, the median nerve was outlined
manually using a continuous boundary trace just within the echogenic boundary of the nerve
(26). The following parameters of the median nerve were calculated automatically: area,
perimeter, circularity, and the centroid coordinates. Circularity was defined as:

area

circularity=4rm - W Equation 1

If the circularity was 1, the outlined polygon resembled a perfect circle; a value less than 1
indicated a deviation from a circle (e.g., oval or irregular shaped polygon). The centroid was
defined as the center of area of the outlined median nerve and was expressed in Cartesian
coordinates x (radial-ulnar axis) and y (palmar-dorsal axis).

To assess the deformability of the median nerve, we calculated deformation ratios for area,
perimeter and circularity. The deformation ratio was defined as the value in the final
position normalized by the respective value in the initial position. Deformation ratios closer
to 1 imply that the measurements of the parameter calculated in the initial and final positions
were very similar. The more the deformation ratio deviates from 1 the greater the difference
between the measurement of the parameter in the first and final positions.

To assess the mobility of the median nerve, we calculated the displacements in radial-ulnar
(x) and palmar-dorsal directions (y) by comparing the initial and final centroid positions.
The median nerve displacement vector was defined as the final position of median nerve
relative to its initial position in each wrist movement. The magnitude of the median nerve
displacement was defined as:
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r=4/x2+y% Equation2

The sign convention for motion analysis was such that the palmar and ulnar directions were
defined as positive and the radial and dorsal directions were defined as negative values.

Normalization of Measurements

Displacement vector and displacement magnitude of the median nerve were normalized to
hand length. Hand length was defined as the distance from the tip of the middle finger to the
midline of the distal wrist crease when the forearm and hand were supinated on a table and
was measured with a ruler on which the minimal scale was millimeter (27). Normalized
results were presented as Normalized Units (NU) in which 1 NU = 1% of the normalized
length. Thus for example, if the hand length was 100 mm and the displacement magnitude of
the median nerve was 3 mm, the measurement would be expressed as 3 NU (i.e., 3% of the
normalized length). The mean hand length of all wrists of CTS patients in this study was
184.55 £ 9.85 mm. Thus, one NU was roughly 1.85+ 0.10 mm.

Statistical Analysis

JMP 9.0 (SAS Institute, Cary, North Carolina, USA) and Matlab (MathWorks Inc., Natick,
MA, USA) were used for statistical analysis. Mardia’s bivariate test for normality was
performed on median nerve displacement data. All results are expressed as a mean +
standard deviation (SD). The unpaired t- test was used to analyze the differences in the
means of maximal wrist angles, deformation ratios, and normalized displacement magnitude
of the median nerve between patient data collected in this study and normal data previously
reported (23). The difference of the median nerve displacement vector between patients data
of this study and normal data previously reported (23) was analyzed using the bivariate
Mardia’s two-sample test and the Mardia-Watson-Wheeler non-parametric test (28). The
mean vector (in polar coordinates) was used to represent the sample center. The standard
ellipse, representative of sample variation, and Hotelling’s confidence ellipse parameters (a
= 0.05) were calculated for each motion to describe sample variation. P-values of less than
0.05 were considered statistically significant. This study protocol was reviewed and
approved by the Institutional Review Board of our institution.

RESULTS

Maximal Wrist Angles during Wrist Movements

The mean = SD maximal wrist angles during wrist extension with fingers extended or flexed
in CTS patients (35.75+7.28 degrees and 37.80+10.55 degrees, respectively) were
significantly lower than those in healthy subjects (45.66+12.25 degrees and 48.04+10.27
degrees, respectively) (both P=0.004) (Figure 1). There were no differences in wrist angle
between CTS patients and healthy subjects for the other movements (P>0.05).

Deformation Ratio of the Median Nerve

The deformation ratios of area, perimeter and circularity of the median nerve during finger
and wrist movements are shown in Table 1. For wrist flexion with fingers flexed, the
deformation ratio of median nerve perimeter was significantly higher in CTS patients than
that in healthy subjects (P=0.024) (ratio for both groups was less than 1). For wrist flexion
with fingers extended or flexed and wrist ulnar deviation with fingers extended, the
deformation ratio of circularity in CTS patients was significantly less than that in healthy
subjects (P=0.009, P=0.004 and P<0.001, respectively) (Figure 2) (ratio for both groups was
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bigger than 1). For finger flexion and wrist extension with fingers extended or flexed, no
difference in any deformation ratio of the median nerve was found between the CTS patients
and healthy subjects.

Displacement Vector of the Median Nerve

Mean vectors for all movements are included in Table 2. Included are vector magnitude (p)
and vector direction (0), major and minor confidence ellipse axes (a and b) and inclination of
the ellipse (v). Solid ellipses represent standard deviation, dashed ellipses represent 95%
confidence limits and the radial line represents the mean vector for each group.

The mean vectors for all movements in CTS patients and healthy subjects are displayed in
Table 2. This table includes data published previously, with regard to the normal subjects
(23), and compares that data with those in the patients studied here. With the exception of
wrist flexion with fingers extended, all motions were found to have a normal distribution. A
significant difference in the mean median nerve displacement vector was found between
CTS patients and healthy subjects for wrist flexion with fingers extended or flexed (P<0.01),
wrist extension with fingers extended (P<0.05) and wrist ulnar deviation with fingers
extended (P<0.01) (Figures 3A-3D). No significant difference was found between healthy
subjects and patients for movements of finger flexion (P=0.217) or wrist extension with
fingers flexed (P=0.106) (Figures 3E, 3F).

Normalized Magnitude of the Median Nerve Displacement

The normalized magnitudes of median nerve displacement are shown in Table 3. The
normalized magnitudes of median nerve displacement in CTS patients were significantly
less in wrist flexion with and without finger flexion, and wrist ulnar deviation compared to
those in normal subjects (P=0.016, P=0.010 and P=0.005, respectively). No significant
difference was found in the normalized magnitude of median nerve displacement for finger
flexion and wrist extension with fingers extended or flexed between two groups (P>0.05).

DISCUSSION

Associations have been made between repetitive hand and wrist motions and the possible
effect on the development of CTS (29, 30). Therefore, it is important to understand the
kinematics of the median nerve during different wrist motions. In this study we evaluated
the deformability and mobility of the median nerve at the proximal carpal tunnel during
finger and wrist movements in CTS patients and compared these results to those previously
reported for normal subjects (23). We found that with maximal wrist flexion with or without
finger flexion and maximal ulnar deviation, the median nerve deformed and moved less in
patients with CTS compared to healthy subjects.

Many studies have investigated deformation and mobility of the median nerve using
imaging modalities, such as MRI and ultrasound (11-13, 22, 23, 31-33). Most studies have
focused on the effect of finger motion (11-13, 33). Fewer studies have investigated median
nerve displacement in the transverse plane during wrist movement (22-24, 31, 32). Most of
these studies investigated the effect of wrist motion on median nerve shape and/or
displacement in healthy subjects (22, 24, 34). They found that the median nerve remained
palmar during wrist extension and, in most subjects, moved dorsally during wrist flexion.
Greening et al. found reduced median nerve displacement in the transverse plane in patients
with non-specific arm pain (31, 32). No CTS patients were included in their studies.
Allmann et al. found that in 65% of the CTS patients included in the study, the median nerve
moved less and remained near the flexor retinaculum during wrist flexion while the same
occurred in only 27% of normal subjects (21). These results are consistent with our findings.
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We observed that the deformation of the median nerve in CTS patients was decreased
compared to healthy subjects. The normal median nerve deforms to accommodate finger or
wrist movement (11, 12, 24). This may be related to the specific internal structure of median
nerve. Histologically, the median nerve is composed of axons, which are bundled by several
connective tissue layers (35, 36). The extensibility of these layers is critical for the nerve to
accommodate tensile or compressive stress by elongating, gliding or deforming. In CTS
progressive fibrosis has been found in the epineurial and perineurial connective tissues (37,
38). This fibrosis may result in a permanently decreased compliance of the median nerve
during its movement in the carpal tunnel. Orman et al. used ultrasound elastography to
evaluate the stiffness of median nerve in the carpal tunnel (39). They found that the median
nerve was stiffer in patients with CTS than in normal subjects, which is consistent with the
results of our study.

We also observed that the mobility of the median nerve was decreased in CTS patients. In
the healthy carpal tunnel the tendons and nerve are surrounded by subsynovial connective
tissue (SSCT), which is filmy and supple, and thus can facilitate smooth gliding and
deformation of the median nerve in the carpal tunnel. In patients with CTS, the SSCT is
fibrotic (40-42), which may cause the median nerve and tendons to become attached to
adjacent structures, preventing the nerve from moving freely and causing it to become
compressed between tendons and the flexor retinaculum during wrist flexion. This may
explain why CTS symptoms are provoked by Phalen’s maneuver. Enlargement of the
median nerve may also impair its mobility. An increased median nerve cross-sectional area
is a well-known finding in CTS patients (43, 44). The decreased cross-sectional area of the
carpal tunnel in wrist flexion (34) combined with the enlarged median nerve may further
hinder the median nerve from moving dorsally between the flexor tendons.

Lastly, we found that the decreases in deformation and displacement of the median nerve in
CTS patients were more evident during wrist flexion. This may be related to changes in the
anatomy or pressure within the carpal tunnel during wrist flexion, compared to wrist
extension or the neutral wrist position. In wrist flexion both the proximal and distal part of
the carpal tunnel cross-sectional area are decreased compared to the neutral position (34, 45,
46). Furthermore the flexor tendons move palmarly with wrist flexion (47). Palmar
movement of the flexor tendons may further contribute to the increased contact pressure on
the median nerve.

Our study has several limitations. First, our study has a small sample size. Yet even with this
small sample size we were able to note significant differences between CTS patients and
healthy subjects (23). Second, the ultrasonographic results could not be correlated with the
severity of the CTS due to the small sample size. Future studies with larger sample size are
necessary to explore the relationship between the mobility and deformability of the median
nerve and the severity of CTS. The data presented in the current study will serve as a useful
baseline for future studies. Third, although we performed dynamic ultrasound of the median
nerve, we only analyzed the median nerve in the first and final image of the movement.
Dynamic changes, such as the path of motion, were not analyzed. This may provide
additional useful information. However, analysis of the median nerve motion path is labor
intensive and quantification is difficult. Measurement of the median nerve parameters in the
first and last image is therefore a simple method for evaluating the mobility and
deformability of the median nerve during wrist movement.

In summary, our study showed that CTS patients have a decreased deformability and
mobility of the median nerve at the proximal carpal tunnel in the transverse plane with wrist
flexion and ulnar deviation of the wrist. This study has revealed differences in median nerve
transverse kinematics in the carpal tunnel between CTS patients and healthy subjects.
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Further studies with a larger sample of patients are necessary to determine if changes of
kinematics of the median nerve can be related to severity of CTS and if these measurements
may be usefulness for predicting treatment response.
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Figure 1.

The comparison of the wrist angles between CTS patients and healthy subjects. The
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maximal wrist angle during wrist extension with fingers extended or flexed in CTS patients

was significantly lower than those in healthy subjects.
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The median nerve at the carpal tunnel in a patient with CTS. A. At the start of wrist maximal

flexion with fingers extended, the enlarged median nerve (dashed ellipse) was located

between the flexor retinaculum and flexor tendons on transverse ultrasound. B. At the end of

the movement the median nerve (dashed ellipse) was still located between the flexor

retinaculum and flexor tendons and had moved only slightly towards the ulnar side of the

carpal tunnel.
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Figure 3.

The median nerve displacement vectors in CTS patients. Solid ellipses represent standard
deviation, dashed ellipses represent 95% confidence limits and the radial line represents the
mean vector for each group. A. Wrist flexion with fingers extended. The arrow indicates two
superimposed points from a patient and a healthy subject respectively. B. Wrist flexion with
fingers flexed. C. Wrist extension with fingers extended. D. Wrist ulnar deviation with
fingers extended. E. Finger flexion. F. Wrist extension with fingers flexed. The arrow
indicates two superimposed points from a patient and a healthy subject respectively.
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Table 1
Median nerve deformation parameters.
Wrist Motions Area Deformation Perimeter Circularity
Ratio Deformation Ratio  Deformation Ratio

Finger Flexion

Patients 1.00+0.16 0.98+0.08 1.05+0.13
Healthy Subjects 0.9940.12 0.98+0.09 1.09+0.15
Wrist Flexion with Fingers
Extended
Patients 0.93+0.20 0.87+0.16 1.23+0.16™*
Healthy Subjects 1.06+0.24 0.86+0.16 1.49+0.38
Wrist Flexion with Fingers
Flexed
Patients 0.98+0.21 0.89i0.13* 1.251’0.28**
Healthy Subjects 0.94+0.22 0.79+0.15 1.57+0.36
Wrist Extension with
Fingers Extended
Patients 1.01+0.20 1.02+0.14 0.99+0.20
Healthy Subjects 1.03+0.15 0.97+0.11 1.12+0.19
Wrist extension with
Fingers Flexed
Patients 0.97+0.20 1.0+£0.12 0.99+0.20
Healthy Subjects 0.98+0.15 0.98+0.12 1.05+0.22
Wrist Ulnar Deviation with
Finger s Extended
Patients 0.97+0.20 0.90+0.12 1.1910.16**
Healthy Subjects 1.02+0.27 0.93+0.20 1.53+0.32
*
P<0.05;
* %
P<0.01

Acad Radiol. Author manuscript; available in PMC 2015 April 01.

Page 16



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Wang et al.

Table 2
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Median nerve displacement mean vector and confidence limits in patients with CTS and healthy subjects.

Meanp (NU) Mean6 a(NU)  b(NU) v

Finger Flexion

Patients 0.1 28.9° 0.5 0.2 9.1°

Healthy Subjects 0.2 117.3° 0.5 0.2 -16.0°
Wrist Flexion with Finger s Extended

Patients 0.8 1373°** 10 0.3 —6.2°

Healthy Subjects 15 267.1° 1.2 0.5 -119°
Wrist Flexion with Finger s Flexed

Patients 1.0 331.4°** 1.0 0.4 45°

Healthy Subjects 1.8 295.0 ° 11 0.5 -11.7°
Wrist Extension with Fingers Extended

Patients 0.2 1444°* 07 0.2 -12°

Healthy Subjects 0.4 2256° 0.5 0.2 -7.8°
Wrist Extension with Finger s Flexed

Patients 0.6 184.4° 0.5 0.2 -0.7°

Healthy Subjects 0.5 182.0° 0.5 0.2 -25°
Wrist Ulnar Deviation with Fingers Extended

Patients 18 1909°** 08 03 14.6°

Healthy Subjects 2.8 188.5° 0.3 0.2 -5.2°

p = vector length; 6 = vector angle; a = major ellipse axes for variation of the confidence limits; b = minor ellipse axes for variation of the
confidence limits; y = inclination of the ellipse

Note: 1 normalized unit (NU) is approximately 1.8 mm

*

*

P<0.05;

*
P<0.01
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Table 3

Median nerve displacement normalized magnitudes.

Magnitude of Median Nerve
Displacement (NU)

Finger Flexion
Patients
Healthy Subjects
Wrist Flexion with Finger s Extended

Patients

Healthy Subjects
Wrist Flexion with Fingers Flexed

Patients

Healthy Subjects

Wrist Extension with Finger s Extended
Patients
Healthy Subjects

Wrist Extension with Finger s Flexed
Patients
Healthy Subjects

Wrist Ulnar Deviation with Fingers
Extended

Patients

Healthy Subjects

0.75+0.44
0.82+0.33

1.74+0.78"
2.36+0.79

1.71+0.90""
2.46+0.84

0.90+0.68
0.77+0.46

0.85+0.56
0.81+0.58

1.93+1.23""
2.86+0.51

Note: 1 normalized unit (NU) is approximately 1.8 mm

*
P<0.05;

*

P<0.01

Acad Radiol. Author manuscript; available in PMC 2015 April 01.



