=15 Ef4

6-4. fEH] 4

68 At

FLEHICR) A CREL, FEPLRAMIIEERL
THEFL TV, 40 RORKICEREME & L. 59 %
TERBEGEHREH LT, £0LEIIva—Fkrd4
TOETEERECRIE L2, €Dk, ZERMRE O/
TS, T2 RBEFERRS. 4cm OMEZ.
RO BEEROBK & HEL A TE, AADELD
EOTRMEICREMTREE L Lk — R8T
BR8ELZ, MEDRENSMIREOEAIhEE
23y a3 RS = 5o L. REREET A 5k 598
AHTEEFE SO THRELA (B15),

6. BHYIC

=R RETHEEEZZ COR) A REFIZHA M
RELHIZIRPUBRCERTED, AT REED
FHWNT 50 AU A D B L D ES DO H B b FE
SNIERTT o LTEOERL, 20 TEELD

DEHWVIEIRYY A BEZEILE > THAERELRFEHER
b, FO—WHEIZ% ) BHEELORMIIALEKX
Thbo

REBRELZ TV TV EFIH LI NS4 — KR8
ETHEREF-HTRABOLNT, EEDLSFFTO
Iy M- RVEETHEELIDLH 0% LEEL
o TETWANR, BELZETRELIFRD N
DARBEBEILL o TR TH B, WTFNITLTL I —
RUBETREERELIIIEEOBESEM 2., B
WDEE, hbEdTHADT 77— —E 2L KE
ToTL b, 5. BUEHINORBA R, £/-20%—E
AIZRAEITA M, Fryr BRERB X O RESMEE
I L A OmMER &b e THRETT 52 LEMWH 5,

X #®

1) HH O EES R A EBREOREMARIE £18
B HARNEELHSEMREHEE, 146 ~ 147,
2011.

2) A KiEh»: - KOPUETHER HEAE
29, 18-21, 2013. '

3) BAER— RVFBEIHTHH - R BRTREE
IZBITBEAELOTR, HARNEELHBEFES
4, 124-125, 2005.

4) XK. Hachisuka, et al: Clinical application of carbon fiber
reinforced plastics leg orthosis for polio survivors and its
advantages and disadvantages, Prosthet. Ortho. Int., 30(2),
129-135, 2006.

5) K. Hachisuk, et al: Carbon fiber reinforced plastic knee-
ankle-foot orthosis with a partially flexible thigh cuff: A

modification for comfort to sit on a toilet seat, Prosthet.

Ortho. Int., 31(2), 133-137, 2007.

6) TRHFFNIL RV AREBZIHNT LA —RVEET
R B RRRBEEO TR, %16 HEAZBEEE W
SR HES, 188-189, 2009

7) WEIHEWIT R A REREE  BRTLIEE  ETHE
BEOMFEF v o RA Vb, BEEEZEELIF—
(R FOTFREL] 5~13, 2011

8) A EII R A REEEERRICHTAEE
I OREER, FESEE 19, 145-148, 2003.

9) FHABIEI,I RIVIBEZFIHNTLEII K UVEET
IEEORBEEEO TR, HESEE 22, 3, 2006.

H—REETREADFR) A BEE~DOLH
—102—

179



Jpn J Rehabil Med 2013 ; 50 : 795-798

HEHRE(CH (T D overwork weakness *!

gl B BB 2T BERRSY

Overwork Weakness in Patients with Neuromuscular Diseases*!

Satoru Saeki,*? Yasuyuki MaTsusaMA, ** Kenji Hacnisuga™*?

Abstract : Overwork weakness (OW) or overuse weakness is a condition of “muscular weak-
ness that originates in an excessive physical activity” seen due to neuromuscular disease (NMD)
such as post-polio syndrome (PPS). The differential point between tiredness and OW is continu-
ous muscular weakness for a certain period with no improvement by muscle-strengthening exer-
cise. Pathophysiologically, OW is a secondary dysfunction that is caused by the excessive over-
load-damaged distal degeneration of massively enlarged motor units. Though patients with OW
have muscular pain and progressive muscular weakness, it is very difficult to determine whether
the cause is overwork or disuse. Measuring the serum creatine kinase (CK) value is one of the
effective discrimination methods. PPS patients with OW have normal motor and sensory nerve
conductions, but abnormal denervation potentials in needle EMG. Exercise for NMD patients
who develop OW easily should be performed based on a policy of “low load and high frequency”,
also lifestyle guidance and adjustment of braces are necessary. Acceding to the Cochrane review
on muscle strengthening exercise which relates to OW, clinicians are still afraid of OW, but there
is insufficient evidence for the general prescription of exercise programs in peripheral neuropa-
thy, amyotrophic lateral sclerosis and muscular dystrophy. (Jpn J Rehabil Med 2013 ; 50 :
795-798)

Key words : #1#% £ 9% B (neuromuscular disease), @B 1T (overwork weakness),
R A HBAEBEEE (post-polio syndrome)
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Recommendation-Level B

- Supervized muscle training (isokinetic & isometric) :
safe & effective for slightly or moderately weak mus-
cle group, but unknown for severe weakness and long-
term effect.

+ Prevention of overwork weakness
~Intermittent breaks
~Periods of rest between series of exercise
—Submaximal exercise
~Warm climate
—Non-swimaming water exercise
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The objective of this study is to eliminate slow re-
sponses that displace baselines positively. This is a key
component of an automated technique for determining
parameters of F-waves in an evoked potential obtained
by limb stimulation. We investigate five methods and
compare them to F-wave repeater data through visual
observation by experts.

Keywords: F-wave, electrodiagnosis, waveform analy-
sis, baseline, polynomial trendline

1. Introduction

The F-wave appears in evoked potentials of responses
to stimulation of points on the arm or leg. It involves
low-amplitude, inherently variable motor response pro-
duced by motor neurons. The appearance of the F-wave is
known to be closely related to the neuromuscular condi-
tion and has several useful parameters that help in the di-
agnosis of nervous diseases [1]. To determine parameter
such as the average of latency and amplitude, the num-
ber of repeater F-waves, the number of high-amplitude
F-waves, and the number of measurable F-waves in a se-
ries of F-waves, 100 or more stimuli are required. This
makes analyzing F-waves so cumbersome that it is now
rarely performed in clinical medicine. Establishing an au-
tomatic method of doing so is therefore now in great de-
mand in the clinic, and several attempts using computers
have ever made to obtain such parameters [2—4].

The goal of our study is to construct a system for auto-
matically detecting these parameters, number of repeater
F-waves, and high-amplitude F-waves. In this paper, we
select a suitable baseline. F-waves are usually on unstable
baselines that distort the F-wave. Removing the baseline
of each line is thus effective for determining parameters.
Five methods estimating the baseline for each line are
considered. We select repeater F-waves by an automatic
method after removing baselines using the five methods
above. Preparing manual data for repeater F-waves based

Vol.17 No.4, 2013

on visual observation by experts, we compare these five
methods.

2. Approximation Methods for Baselines

An F-response is a late muscle response that appears af-
ter an M-response. F-responses are distinctly smaller than
M-responses and larger than baselines. Baselines may,
however, significantly affect the shapes of F-responses.
We try to remove the baseline for detailed comparison of
F-responses.

To obtain a general view of response graphs, we set
a range (interval) to exclude M-responses and include F-
responses. We call this the zarget range. To approximate
baselines, we set this range to include some baseline parts
near both edges of the interval. We assume that base-
lines consist of basic cyclic functions like sine curves, and
some variations in a local area. We approximate them by
using linear functions or cubic functions.

We consider five methods for approximating baselines,
i.e., a zero function for comparison (NULL), two least-
square-error regressions Reg. 1 and Reg. 3, and two ap-
proximation methods using edge values and gradients Di-
rect and Smooth. For regression methods, F-responses
have large error, and these do not constitute zero mean
noise. An approximated baseline may be influenced by
the F-response. For latter methods, F-responses have no
effect on approximated baselines, but these may fluctuate
because of small errors near the both edges. We compare
these advantages and disadvantages.

2.1. Regression Methods

Our objective is to eliminate a large oscillation wave (F-
wave) from a smooth curve (baseline). We select regres-
sion methods using simple linear and cubic functions to
remove a rapidly fluctuated wave. If the baseline is a sine
curve, for example, and noise, including the F-response, is
sufficiently small, cubic regression may give a better esti-
mation than linear regression. Because of the influence of
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Fig. 2. Baselines by edge values.

the F-response, however, the approximated baseline may
change, so it is difficult to determine which regression is
better. Fig. 1 shows approximation results.

2.2. Approximation by Edge Value

We consider two estimation methods, Direct and
Smooth, using edge values. Let [a,b] be the target range
and let function f(¢) (¢ € [a,b]) represent response poten-
tials. We assume that potential values are determined only
by baseline potentials near both edge points of the target
range. ‘

Direct defines a straight line connecting two edge
points (a,f(a)) and (b,f(b)). By using Smooth, we
obtain a cubic function, defined by (a, f(a),f'(a)) and
(b, f(B), f'(b)). In this case, coefficients of cubic function
F(#) = c3t> + cat? + 1t + ¢ are calculated by the follow-
ing equation:

@ a® a1l 3 f(a)
3¢ 2a 1 0 | | fla W
¥ b b1 c1 f(b)
32 26 1 0 co F'(b)

This matrix is invertible if a # b; f'(a) and f'(b) are ob-
tained by local linear regression. Approximation results
of these methods are shown in Fig. 2.

3. Comparison of Baseline Type Using Distance

Shapes of F-waves are assumed to be very similar when
they are derived from the same motor unit. The number
of motor units is then estimated by counting the groups
of F-waves. This usually requires a human decision and
grouping tasks are extremely difficult, especially when the
data amount is large. To simplify these tasks, we propose
several sort functions.

536 Journal of Advanced Computational Intelligence

Fig. 3. Sort results.

3.1. Definition of Distance

We select a typical response curve and other curves
are sorted according to the distances from the selected
one. Let {f(t:)}E ; and {g(t)}K , be two time series
of potentials. Each response curve has its own baseline.
Let {f®(#%)}K., and {g® (t) }X_, be the corresponding
baselines. The distance between f and g is defined by

| Kol

d(f,g) = ( e k;{ <(f(fk) - ﬂb)(m))

5\
- (8(tk)”'g(b)(tk))) ) , ()

where [tk ,,] is the target range. We define five baseline
types, so by the above definition, we define five distance
operators.

3.2. Sort Results

The main objective of sort functions is to gather simi-
lar responses in a small area. Distances are summations
of square values of differences. Distances between two
similar responses then take small values. The distance is
not large, however, compared to other similar pairs, even
if typical shapes of the potential curve are different from
each other. We therefore do not expect all top-ranked re-
sponses to be similar to the fixed response, while we ex-
pect all similar responses to have a higher rank in sort re-
sults. The operator then need only select similar responses
while avoiding exceptional responses. Fig. 3 shows the
first part of sort results for 100 responses from one per-
son. The baseline type according to distance is Smooth.

Of 100 responses, we selected similar responses and
created 4 groups. For each group, we selected one re-
sponse and sorted all responses according to 4 distance
operators. We obtained 4 arranged sequences for each
group, and all group members had a higher rank for ev-
ery sort result. Table 1 lists the last rank number of group
elements. The average rank for Direct is the lowest among
these sort methods.

3.3. Group Error

We assume that a baseline exists for each response and
that apparent F-responses in the same group are given by
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Table 1. Group element ranking.

1 2 1314 Ave.
Element Gr. 9 8 1812 6.75
Baseline Type | Last rank of same group elements
Null 20120183 12.75
Reg. 1 191181813 12.00
Reg. 3 1911983 12.25
Direct 191161813 11.50
Smooth 22 |17 183 12.50
0.005 -
0.0045 0 Group 1
7 [ Group 2
0004 Fom e L g
0.0035 : B Group4
B Group 5
0.003
0.002 ] e 7
L ) = % I
oot IS WINNE W e i B 4
0.0005 NERZIIN= = £ NE
o = N2 LI =} éxi
NULL Direct Reg’ Reg3 Smoath

Null: No base line.

Direct: Linear function defined by two edge values.

Reg1: Regression line.

Reg3: Regression cubic function.

Smooth: Cubic function defined by two edge values and gradients.

Fig. 4. Group errors.

adding a unique F-response to the corresponding baseline.
All responses in the same group must then be nearly iden-
tical if we remove correct baselines.

We define five baseline types. We also define an evalu-
ation value to estimate the correctness of a baseline type.
Let {Fj = {fj(tk)}kKiKl :j=1,...,N} be a group of simi-
lar F-responses and let {B; = {b; (tk)}fiK] 1j=1,...,N}
be the corresponding baselines. We then define group er-
ror GE by

GE =
Ky
Yo Y (i) = bit) — (1) — b))

1<i<j<N k=K,

.(3)
N@%_—Qx(KZ—KIH)

3.4. Comparison Results

We created groups of similar F-responses. These con-
sist of 2 to 9 response potential series selected from
among 100 data values by human decision. We defined 5
baseline estimation methods and obtained 5 group errors.
Fig. 4 graphs group errors. According to this result, cubic
regression is the best method for estimating the baseline.
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Fig. 5. Number of F-responses in extracted groups.

4. Comparison of Baseline Types Using
Variance

In the early stage of F-response analysis, we must
extract F- and non-F-responses automatically or semi-
automatically. We also need unbiased data for these ex-
tractions. Our next objective is to create three groups of
responses:

1. Define the time interval in which F-responses appear.
2. Create a baseline for each response.

3. Calculate the mean square differences between orig-
inal and baseline curves.

4. Divide the minimax interval of mean square differ-
ences into three intervals.

5. For each interval, select 10 responses randomly from
among data on 100 responses. Corresponding mean
square differences are within the interval range.

If the correct baseline is selected for one response and if
it is not an F-response, the mean square difference is close
to zero. Assume that the variations of these values of F-
responses are not large, so F-responses appear mainly in
the largest group and almost all members in the smallest
group are not F-responses. Fig. 5 shows experimental re-
sults for 10 data files, each of which contains data on 100
response. The average number of F-responses for each
group is calculated for five baseline types.

For the medium group, values of standard deviations
are very large, (i.e., 3.6 ~ 4.2). The situation changes
file by file. In some files, all responses in the medium
group are F-responses, while in other files, there are no
F-responses in this group. We could not extract a mixed
family of F- and non-F-responses.

The most suitable baseline for the extraction of F-
responses may be Direct or Reg. 1, and of non-F-
responses, Reg. 3. For the extraction of F-response
curves, approximation by a cubic function sometimes gets
trapped in overfitting and, in general, boundary directions
are not stable. When there is no large variation, i.e., in the
non-F-response case, the shapes of the graph are very sim-
ple and higher-degree regression may be effective. Both
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baselines, Direct and Reg. 1 are suitable enough for semi-
automatic analysis of F-responses. Some additional hu-
man checks will be performed.

5. Conclusions

We have discussed several methods for approximat-
ing baselines using sort results according to correspond-
ing distances, mutual square error in groups, and mean
square differences between an original response curve and
the corresponding baseline. Direct (straight line joining
ends together) is the best method according to sort re-
sults, while square errors of Reg. 3 (cubic regression) in
the same F-response group are the smallest. Direct and
Reg. 1 (linear regression) are more accurate for extract-
ing F-response using a mean square difference, whereas
Reg. 3 is more accurate for non-F-response extraction.
There is no significant difference among them, although
Reg. 3 marks good — sometimes even best — results for
each analysis. We therefore consider this baseline to be
the best among 5 baseline types. Future studies should
consider the following topics:

1. Clarifying which features are advantageous for each
baseline type and establishing suitable usage.

2. Creating a database of groups of similar F-responses.

3. Finding feature values according to which F-
responses can be compared.

4. Evaluating the degree of similarity between F-
responses.
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