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Rehabilitation circumstances of SMON patients
who have not been grasped by SMON Research Committee.

Misako Kaido
Department of Neurology, center of Neurology, Sakai Municipal Hospital

Key Words
subacute myele-optico-neuropathy (SMON), epidemiological study of SMON, rehabilitation
Abstract
In Japan, patients with subacute myelo-optico-neuropathy (SMON) have been annually grasped in the

epidemiological study of SMON Research Committee, supported by the Ministry of Health, Labor, and
Welfare of Japan. But the practical examinees are only 36% of all Japanese SMON patients. In this
survey, telephone interviews were performed to throw light on the non-examinees emphasizing their
rehabilitation circumstances. fifty non-examinees in Osaka prefecture were cooperated with the survey,
and informative about their rehabilitation circumstances(mean age T4.5years ; 12men, 38women). For 10
patients rehabilitation was not indicated, and among the rest 40 patients 13 continue physical therapy
and.or exercises for muscle strength, range of motion, balance, and, or gait at the medical institutes
in the frequency of from once a month to 3 times a week. 27 patients carry out self-training for muscle
strength, range of motion, andor gait in the frequency of from 3 times a week to once a day.
Regardless of demand, rehabilitation circumstances were not available for 5 patients. 30 patients(60%)
had a fall at least once a past year. Effective intervention in preventing falling down is necessary for
SMON patients including self-trainees.
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Abstract

Characteristics of fingertip photoplethysmography in patients with
subacute myelo-optico-neuropathy

Masato Asahina, Kan-ichiro Komatsu, Toshio Fukutake and Takamichi Hattori
Department of Neurology, Chiba University Graduate School of Medicine, Chiba 260-8670, Japan

Fingertip photoplethysmography is a useful technology for evaluating arterial distensibility, which is
thought to reflect the extent of arteriosclerosis or vasotonus mediated by the vasomotor nerve. We recorded
fingertip photoplethysmograms in 15 patients with subacute myelo-optico-neuropathy (SMON) and 27 nor-
mal control subjects. The SMON patients were classified intoa SMON (+) group of 9 patients with risk fac-
tor (s) for arteriosclerosis and a SMON (~) group of 6 patients without risk factor (s). F ingertip photoplethys-
mograms have 5 wave components : a, b, ¢, d, and e waves. We used three parameters to access arterial dis-
tensibility  the b/a and d /a ratios (the amplitudes of the b or d waves divided by the amplitude of the a
wave) , and the second derivative of the plethysmogram aging index (SDPTG-AI), defined as (b-c-d-¢) /a. The
mean d /a ratio of the SMON () group was significantly higher than that of the controls (p<0.01). The mean
SDPTG-AI values of the SMON (-) (p<0.05) and SMON (+) (p<0.05) groups were significantly lower than
those of the controls. No significant differences between the mean b/a ratio of the SMON (=) or SMON (+)
group and that of the controls were observed. These results may indicate a reduction in vasotonus because of
vasomotor dysfunction in patients with SMON. We concluded that fingertip photoplethysmography is a useful
method for estimating vasomotor dysfunction in patient with SMON.

(The Autonomic Nervous System, 42 : 148~152, 2005)
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Striated Muscle Fiber Compositions of
Human Male Urethral Rhabdosphincter and Levator Ani

Yasuhiro Sumino,* Fuminori Sato, Toshihide Kumamoto and Hiromitsu Mimata

From the Department of Oncological Science (Urology) and Brain and Nerve Science (Internal Medicine Three), Oita University Faculty of
Medicine, Oita, Japan

Purpose: We clarified the contractile properties of human male periurethral striated muscle fibers to better understand how
the rhabdosphincter and the levator ani maintain urinary continence.

Materials and Methods: Muscle specimens were obtained from 52 male patients who underwent radical prostatectomy or
radical cystectomy. The specimens were frozen in liquid nitrogen. Frozen sections (10 pm thick) were stained with myofi-
brillar ATPase at different pH values (pH 4.2, 4.6 and 10.6), and evaluated for quantitative parameters and fiber type
distribution. Myosin heavy chain analysis was performed using SDS-PAGE.

Results: Of all 52 cases 37 provided specimens that could be divided into the 2 major fiber types, type 1 (slow twitch) and
type 2 (fast twitch). Although type 1 muscle fibers were predominant in RS and LA muscle groups (RS 69.6 = 2.7%, LA 67.0
+ 2.0%), mean muscle fiber size was significantly smaller in RS (mean area 906 * 86 um?) than in LA (mean area 2,967 *
170 pm?) (p <0.0001). In 11 specimens type 2 muscle fibers could be subdivided into types 2A (fast fatigue resistant) and 2B
(fast fatigable). Type 2A fibers were significantly more prevalent than type 2B fibers (p <0.05). Likewise, MHC analysis of
these 11 specimens found a significantly higher percentage of fiber type 2A expression products (MHC 2A) than of fiber type
2B expression products (MHC 2X) (p <0.05).

Conclusions: RS and LA contribute to urinary continence mechanism by slow contraction. Moreover, the smaller mean size
of muscle fibers in RS suggests more fatigue resistance compared with muscle fibers in LA because small fibers have a shorter
diffusion distance for metabolic substrates. These results should help contribute to a more detailed understanding of the
function of periurethral striated muscles in the human male.

Key Words: urinary incontinence, pelvic floor; muscle, skeletal; muscle fibers, fast-twitch; muscle fibers, slow-twitch

jor types, slow twitch or fast twitch muscle fibers, de-

pending on their speed of contraction and their
susceptibility to fatigue. Slow twitch muscle fibers, also called
type 1 muscle fibers, have high levels of oxidative enzymes,
tend to produce small forces, and are resistant to fatigue due to
their slow speed of contraction. Fast twitch muscle fibers,
which produce greater force, can be further divided into 2
subgroups of fast fatigue resistant (type 2A) and fast fatigable
(type 2B). The characteristics of type 2A fibers place them
functionally between type 1 and type 2B fibers.

The human urethral RS surrounds the membranous ure-
thra® and is itself covered by striated muscle fibers of the
LA Although it has been suggested that RS and LA have
important roles in urinary continence, few studies have de-
scribed their microscopic features or their fiber distribution
patterns in human males. Gosling et al reported that RS
consisted of a single population of slow twitch muscle fibers
in males,® while Schroder and Reske-Nielsen identified a
dual population of slow twitch and fast twitch fibers in equal
numbers.* Therefore, the physiological capabilities of stri-

H uman striated muscle fibers can be divided into 2 ma-
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ated muscle fibers in RS remain controversial. To our knowl-
edge only the study by Gosling et al has examined the LA in
males, the findings of which suggested a predominance of
slow twitch fibers.®

Previous studies of periurethral striated muscle fibers have
used only histochemistry techniques to determine the distribu-
tion patterns of the 2 major muscle fiber types (ie slow twitch
vs fast twitch). No studies have analyzed the distribution of
muscle fiber types in RS and LA using MHC analysis. How-
ever, it has been suggested that MHC compositions could ac-
curately reveal fiber type distribution patterns for even small
quantities of muscle tissue.>” Therefore, we analyzed MHC
compositions of RS and LA in the present study. Furthermore,
we analyzed the fiber distribution patterns in greater detail to
include slow twitch fibers (type 1) and both subgroups of fast
twitch fibers (types 2A and 2B).

Therefore, the purpose of the present study was to clarify
the contractile properties of human male periurethral stri-
ated muscle fibers to better understand how the RS and LA
maintain urinary continence. These clarifications should
lead us to a more detailed understanding of the function of
periurethral striated muscle in the human male.

Editor’s Note: This article is the fourth of 5 published
in this issue for which category 1 CME credits can be
earned. Instructions for obtaining credits are given
with the questions on pages 1582 and 1583.

Vol. 175, 1417-1421, April 2006
Printed in U.S.A.
DOI:10.1016/S0022-5347(05)00697-X
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sampling of LA during prostatectomy. C, prostate. D, Santorini’s
plexus. E, urethral catheter.

MATERIALS AND METHODS

Subjects

Small amounts of muscle tissue specimens were obtained from
52 male patients who underwent radical prostatectomy or rad-
ical cystectomy by 1 surgeon. All patients were informed of the
procedures, risks, and benefits, and provided written consent
before the operations. The approximately 30 mm?® in volume
specimens of RS were obtained from a region superior to the
membranous urethra on the excised prostate, while specimens
of LA of comparable volume were obtained from a region ad-
jacent to RS (fig. 1). No complications resulting from these
samplings occurred in any of the patients. The specimens were
oriented cross-sectionally on a cork block with tragacanth gum,
frozen in isopentane, cooled in liquid nitrogen and stored at
-80C for subsequent histochemistry.

Histochemistry
For staining 10 pum frozen sections were cut with a cryostat
(LEICA CM1800, Leica, Germany). If the microscopic con-

Fi6. 1. A, place of sampling of RS during prostatectomy. B, place of

MUSCLE FIBERS IN HUMAN URETHRAL RHABDOSPHINCTER AND LEVATOR ANI

trol examination identified an extremely oblique cut, the
specimen was cut again before morphometric analysis. Fiber
type distribution patterns were studied on serial sections
stained for myofibrillar ATPase after preincubation at dif-
ferent pH values (pH 4.2, 4.6, and 10.6) using the method
described by Brooke and Kaiser with modifications.? Type 1
fibers were light at pH 10.6, and dark at pH 4.2 and 4.6.
Type 2A fibers were dark at pH 10.6, and light at pH 4.2 and
4.6. Type 2B fibers were also dark at pH 10.6 and light at pH
4.2, but were lighter than type 2A fibers at pH 4.6 (fig. 2).

An investigator who was blinded as to the identity of the
subjects completed the analysis of muscle fibers. Muscle
tissue sections were viewed under a light microscope (Nikon
eclipse E600, Nikon, Japan) connected to a digital camera
(FUJIX HC-300Z / OL, Olympus, Japan). Photographs were
analyzed using National Institutes of Health imaging (ver-
sion 1.62). The average number of fibers counted per section
did not significantly differ between the RS (mean 108, range
48 to 121) and the LA (mean 90, range 72 to 134).

For the measurement of fiber area, calibration was per-
formed using a micrometer scale at the same magnification
as the fibers. The number of pixels corresponding to a given
distance was determined. Each fiber was encircled manu-
ally, and the area and the perimeter were automatically
calculated by the software. Obliquity in fiber sectioning was
assessed using the formula for calculating the form factor as
described by Round et al, (47 x fiber area)/(fiber perime-
ter)?.? There was no significant difference between the form
factors measured for RS (0.73) and for LA (0.70).

Myosin Heavy Chain Analysis

MHC analyses were performed using SDS-PAGE techniques.
The protocol for analyzing the specimens was based on the
procedures of Talmadge and Roy with medifications,*® which
were used for single fibers analysis by Staron.!! About 10
serial sections (10 um) from the specimens were placed in
0.5 ml of a lysing buffer containing 10% (w/l) SDS in 62.5
mM Tris (hydroxymethyl) aminomethane HCl buffer (pH
6.8) and heated for 5 minutes at 100C. Small amounts of the
extracts (5 to 10 pul) were loaded on 8% SDS-polyacrylamide
gels with 30% glycerol (Mini-PROTEAN® 3 Cell, Bio-Rad

F1G. 2. A-C, photomicrograph of serial cryostat sections of RS, and D-F, photomicrograph of serial cryostat sections of LA, all stained for

myofibrillar ATPase with preincubation at pH 4.2 (4, D), pH 4.6 (B, E) and pH 10.4 (C, F). 1, 2A and 2B indicate type 1, type 24 and type
2B, respectively (reduced from X200).
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F1G. 3. A, separation of MHC by SDS-PAGE into 3 distinct bands based on differences in migration (MHC 1 greater than 2A greater than

2X). B, optical density plot of MHC isoform bands in RS.

Laboratories, Hercules, California). The gels were run for 24
hours at constant veltage (70V) in a cooler packed with ice
and then silver stained. The MHC isoforms were identified
on the basis of migration as MHC type 1, 2A and 2X using
National Institutes of Health imaging (fig. 3, A and B).
These isoforms are the expression products of muscle fiber
types 1, 2A and 2B, respectively.'?

Statistical Analysis

Statistical analysis was performed with StatView® software.
All values were expressed as mean * SD, and the differences
between types 1 and 2 in both muscle groups were tested with
the Mann-Whitney U test. Muscle fiber characteristics (fibex
type area percentages and MHC composition) were analyzed
using 1-way and 2-way ANOVA (ANOVA). Significant differ-
ences were then determined using Fisher’s protected least sig-
nificant difference post hoc test. Correlation analyses were
performed to compare the fiber type area percentages with
MHC composition and p <0.05 was considered significant.

RESULTS

Of all 52 cases 37 provided specimens that could be divided into
the 2 major fiber types, type 1 and type 2. Specimens from the
RS and LA in the remaining 15 cases could not be divided into
type 1 and 2 fibers because they contained too few striated
muscle fibers. The 37 cases that provided specimens dividable
into both major fiber types had either prostate cancer (32
cases) or bladder cancer (5 cases). Of these patients with pros-
tate cancer 24 had taken hormonal medication for 1 to 6
months (mean 3.1) but none had severe complications. There
were no significant differences in fiber sizes or fiber type dis-
tribution patterns with respect to age (mean 65.5 * 3.7 years),
body mass index (mean 23.6 * 0.3) or hormonal medication
status (treated vs not treated) (data not shown).

Fiber Sizes and Shapes

In the present study distinctive differences in the shapes of
muscle fibers and fascicles were observed between RS and
LA tissue specimens. RS specimens were composed of small,
rounded muscle fibers with substantial amounts of interven-
ing connective tissue (fig. 2). In addition, RS muscle fibers
had variations in size, ranging from small to large. In con-
trast, LA muscle fibers were large and organized, tightly
packed fascicles with little intervening connective tissue.
The mean size of the muscle fibers in RS was significantly
smaller than the mean size of the muscle fibers in LA (table

1). Furthermore, within each muscle group (RS and LA), the
mean size of type 1 muscle fibers was significantly smaller
than the mean size of type 2 muscle fibers (p <0.05) (table 1).

Fiber Typing .

Of the 37 cases that could be divided into the 2 major fiber
types, histochemistry demonstrated that type 1 fibers occu-
pied significantly more area than type 2 fibers in both mus-
cle groups (RS 69.6 + 2.7%, LA 67.0 = 2.0%)(p <0.001).
However, in 26 of these 37 cases the type 2 fibers could not
be subdivided into subtypes because the type 2A and 2B
fibers in these specimens were not distinctively stained at
pH 4.2 and 4.6 and because the specimens contained too few
type 2 muscle fibers. For the 11 specimens in which type 2
muscle fibers could be subdivided into types 2A and 2B by
histochemistry, the fiber type area percentages for each
muscle group were type 1—69.2 = 2.3%, type 2A—20.3 *
2.1% and type 2B—10.0 * 1.3% for RS, and type 1—65.9 *
2.4%, type 2A—21.2 * 2.2% and type 2B—14.3 = 1.8% for
LA (fig. 4, A). These percentages significantly differed from
each other for each muscle group (p <0.05).

MHC composition was also determined in these 11 speci-
mens. SDS-PAGE revealed the presence of 3 MHC isoform
bands in striated muscle fibers (fig. 3, A). Each MHC isoform
band was identified according to its apparent molecular mass
as indicated by its migration rate (MHC 1 greater than 2A
greater than 2X) (fig. 3, B). The percentages of MHC 1, 2A and
2X for RS were 655 * 3.7%, 25.7 = 3.7% and 7.9 = 1.3%,
respectively. Likewise, the percentages of MHC 1, 2A and 2X
for LA were 65.4 = 5.1%, 27.2 * 5.3% and 7.5 * 2.1%, respec-
tively (fig. 4, B). These percentages significantly differed from
each other for each muscle group (p <0.05). No significant
differences between RS and LA were observed with respect to
fiber type area distribution and MHC composition.

Correlations
Correlations between fiber type area and MHC composition
for type 1 and 2A fibers were significant for RS and LA

TABLE 1. Fiber sizes of RS and LA muscle fibers in 37 cases

Mean * SD
RS LA
Type 1 fiber area (um?) 793 + 66 2,781 * 162
Type 2 fiber area (um?) 1,479 + 206 3,521+ 248
Mean fiber area (um?) 906 + 86 2,967 + 170

p <0.0001 for all.
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FiG. 4. Muscle fiber distribution patterns in RS and LA. A, cross-
sectional area percentages of fiber types 1, 2A and 2B by histochem-
istry. Area percentages of fiber types significantly differed from each
other for RS and for LA (p <0.05). However, relative areas of each
of fiber types (ie fiber type area distribution) did not significantly
differ between RS and LA. B, myosin heavy chain isoform percent-
ages of MHC 1, MHC 2A and MHC 2X. Isoform percentages signif-
icantly differed from each other for RS and for LA (p <0.05).
However, relative proportions of MHC isoforms (ie MHC composi-
tion) did not significantly differ between RS and LA.

(p <0.05) (table 2). The correlation between fiber type area
and MHC composition for type 2B (2X) fibers was significant
for LA (p <0.05) but not for RS.

DISCUSSION

RS generally forms a circular band of striated muscle within
the wall of the urethra, although in human males, RS is
actually in the shape of an omega.*® On the other hand, LA
is the major muscle comprising the pelvic floor muscles.
Although some studies reported finding RS in direct conti-
nuity with periurethral LA, recent studies clarified that
these muscles were morphologically separated by a contin-
uous band of connective tissue.**2 Therefore, RS and LA can
be clearly distinguished from each other.

MUSCLE FIBERS IN HUMAN URETHRAL RHABDOSPHINCTER AND LEVATOR ANI

Myers et al suggested that RS and LA have important roles
in maintaining urinary continence in the male. RS is respon-
sible for anterior loop contraction and the puboperinealis por-
tion of LA is responsible for posterior loop contraction.!*
However, few morphological studies have examined the con-
tractile properties of type 1 and type 2 striated muscle fibers in
RA and LA in human males. Gosling et al reported that RS
consisted of a single population of slow twitch fibers in human
males,® while Schroder and Reske-Nielsen identified a dual
population of slow twitch and fast twitch fibers in equal num-
bers in RS.* Regarding LA in males, we could find only the
study by Gosling et al, the findings of which suggested a
predominance of slow twitch fibers in LA, although Myers et al
did suggest that LA is anatomically positioned to act as a fast
twitch posterior loop.** Therefore, controversy persists regard-
ing the contractile properties of both striated muscle groups
(RS and LA) and the mechanisms by which these 2 muscles
groups maintain urinary continence.

The present study indicated that type 1 muscle fibers were
predominant in RS and LA muscle groups. In addition, fast
fatigue resistant fibers (type 2A) were twice as prevalent as
fast fatigable fibers (type 2B), even within fast twitch muscle
fibers, for both muscle groups. These results indicate that both
muscles contribute to urinary continence through slow contrac-
tion. However, these results differed slightly from the results
reported in previous studies by Gosling et al® or by Schroder
and Reske-Nielsen.* These differences might be related to dif-
ferences in the ages or body compositions of the study patients.
Although Gosling et al did not mention the ages of their pa-
tients in detail, the observation that all of their patients un-
derwent total cystectomy, indicates a possibility that their
patients were slightly older men with ages comparable to the
ages of subjects in the present study. On the other hand, the
patients were younger, ranging from 26 to 36 years old, in the
Schroder and Reske-Nielsen study.! The association between
aging and muscle fiber type distribution patterns continues to
be a topic of debate. A review by Lexell reported that the size of
type 2 muscle fibers decreased with aging and that older sub-
jects had a relatively lower proportion of type 2 fibers.'® There-
fore, aging should be associated with fiber type distribution
patterns even in RA and LA. In another study Hickey et al
reported that an obese group of subjects had a significantly
lower percentage of type 1 fibers in their rectus abdominis
muscles compared with a nonobese group.*® Although previous
studies have not reported data regarding body mass index and
other measures of body composition,>* body composition might
be also related to fiber type distribution.

Several previous studies have made quantitative compari-
sons between fiber type area distribution and MHC composi-

TABLE 2. Correlation analyses between fiber type area
distributions and MHC compositions

Fiber Type Area Vs
MHC Composition

RS:
Type 1 0.69*
Type 24 0.65*
Type 2B (MHC 2X) 0.08
LA:
Type 1 0.70%
Type 2A 0.75*
Type 2B (MHC 2X) 0.73*

* Correlation coefficient is statistically significant (p <0.05).
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