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MASANORI OTAKE, B.A. ( A1TIE# )

Depariment of Statistics

SUMMARY

This paper proposes a criterion for classifying a
score, based on a weighted sum of observations of
abnormalities in the minute vessels of the fingernail
fold, either as “normal” or “abnormal” using the
distribution of two overlapping normal curves.

Using the criterion thus developed, approximately
79% of the derived scores were classified as normal
and 21% abnormal. The probability of misclassifica-
tion was 6%. A normal group of about 79% is in
the general range of normal values found by other
investigators.  The advantage of this statistical
procedure is that it is free of observer bias and
considers all the descriptors used in the study.

INTRODUCTION

Since Miiller' reported that abnormality of skin
capillaries is an abnormal constitution, calling it
angioneurotic constitution, many reports have been
made in this area.””®  Because of the marked
individual difference in the morphological changes
of skin capillaries and the strong possibility of
subjectivity in classifying a case as normal or
abnormal, some investigators have concluded that it
is impossible to establish a characteristic normal
pattern.
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Milller classified those presenting hairpin loops
with little or no tortuosity, thin arterial limb, large
venous limb, and enlarged top as a morphological
change of nail fold capillaries, in the normal group
and those presenting changes other than this, in the
abnormal group. According to this morphological
classification Yamamori® simply classified as the
normal group persons in whom branching and
tortuosity were almost completely absent or in
whom these, if present, were mild. Further,
Gibson® classified as the normal group four types
of patterns, A to D, divided according to whether
the front loops of thin afferent and efferent limbs
are of the “open type” or the ‘“closed type.”
However, as not a few significant variations were
observed even among normal persons, patterns E—I
were added so as to make 9 types.

Such comparative studies made in the past for
evaluating morphological changes in the superficial
minute vessels were influenced by subjectivity and
were lacking in consistency. The morphological and
functional abnormalities have been evaluated in a
joint report with Tsuya et al,""8 and methods on
how to compare objectively the degree and extent
of abnormalities in morphological pattern in contrast
to the method of subjectively classifying the various
mrophological changes simply as normal or abnormal
have been discussed. The data of Tsuya et al
regarding the morphology of superficial minute
vessels of the fingernail fold were used here.

This paper is concerned with the determination of a
criterion for classifying a transformed total score
into a normal or abnormal group. The transformed
total score for each individual (Z) is given by the
linear function

ZQ=.

J

W.

J
= W

..., J (number of items)
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where Xj is a numerical score and Wj is a positive weight.
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From the frequency distribution of the transformed
total scores Z,, Z,, ..., Zy, it is assumed-that these
scores are random variables drawn from mixture of
two normal populations with the density
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f(Z)y=af, (Z)+(1 —-a)f, (Z) (1)

where 0 <a < 1 and £, (Z) = (V270,)"! o~ (2-8,) J20]

Two problems arise: 1) estimating the five unknown
parameters a, 0, 0,, 0,, 0, in a mixture of two
normal distributions; and 2) determining a criterion
for classification of the abnormal group so as to
minimize the probability of misclassification.

Estimation of the five unknown parameters was
made according to the computational procedure
described by Cohen® in 1967. His procedure used
initial estimates obtained when the two variances
were assumed to be equal'® for the first approxima-
tion in an iterative technique based upon the method
of moments. Use of Cohen’s procedure appears to
be a good approach from the standpoint of data
application. It is possible to estimate simultaneously
the five unknown parameters for a mixture of two
normal populations with unequal variances by
comparatively simple computations.

The problem of classification of observations is
given in the second section. In the third section,
subjects and quantitation of morphological findings
are reported. The fourth section shows the results,
and the computational procedures and results are
given in the fifth section, and a discussion is
provided in the last section. The Appendix gives a
list of subjects by normal and abnormal groups with
their nine characteristics graded 0, 1, 2 or 3
according to degree and extent of morphological
abnormalities of the fingernail fold capillary.

CLASSIFICATION OF OBSERVATIONS

The problem of classification arises when an investi-
gator wishes to classify an individual into one of
several groups on the basis of observations. In this
case, it can be assumed that an individual is drawn
froni a mixed population consisting of the two
groups of normal and abnormal individuals in the
proportions of a and (l—a) respectively where
0<a<l. If ¢, is the chance of misclassifying an
individual into the first normal group, and ¢, the
corresponding chance for the second abnormal
group, then the probability of misclassification!®™'?
for an individual chosen at random is given by

fort=1,2.

ZZTTOOMBEAEI NS, ETELIRZo0#MA
ERSHIZETIRMOAEODD/FIA—-F—a, 0§,
O, 8, O,FMETS. B2, FHIBRE MRS
WAz d 2L 5%, RHBOHERLIELRET 3.

1967412 Cohen® AR L 2FHFEIZ L - THRHMDHE-D
NS A—g—5HELLE. PhOFEEL, £—2 ¥ ME
CETWARBEOE LKEMELE L TZ 2058 %
LWERELAEE Y 12 oh 2 WA % Huv iz, Cohen
OitEEE, AREAO RS SAETIVAETH S X
FIE Y. HEMMEAHE L THRAEL 20
BENZoOHAELERBEMI BT 3RMOAEOD /S
A—y—bFEMICHEETLII LN TE B,

BAEOSH Lo MBI, E2EIRT. B3 BT,
ERE L L CBEEEON RO HEa k5. B4
BEA, $LESHTEHEEHALRELTL, EEE
BBOM Tl S, FEICITIES S & ORERM I
BEO ) AR E LG TR B L O 58 A 22
DFBELHFELIZE-TO0, 1, 2F13305HEL
BEXloofEeERL k.

HAEDHiE

S EOMBEL, FREFENELZL VWO
D—2UfBARSET AL EE TS, Z08BE, BA
HENFha L (1—a)DhFEEZL-TEEHHLUR
HWHOZ o0 oM AMEHEMA, ST Eh 3 LR
H¥B. 2KEL, 0<a<1ThH5. ¢, BMIOERHE
CEAERBR->THMT AHERLL, 6, 3H 2 O8RERIC
BAzB>THETAEELTAIE, BESICHLB s
EAEB S THET ARG, 00

c:n<i>l+(1-—¢1L)¢>2=cLJFRIfl(z)dz+(1--a,)fk2 f, (Z)dz



where for t =1, 2, f,(Z) is the density of population
(6, 0y) and R, is a region for misclassifying an
observation from m.. The objective is to minimize
the probability of misclassification in the case of
two normal distributions with five known parameters
ofa,f,, o, 0, and 0,.

In the classifying of normal or abnormal group,
efforts were made to determine a critical value c
which would minimize the probability of misclas-
sification by assuming a mixture of two normal
distributions. The following equation was obtained.

g2)=a [ £ (2)dz+ (1-a) [°

where 0<a<{1 and f, (Z) =(\/2mt Lo —(2-6)% | 202

The total score Z of individuals can be classified as
coming from the normal group m, (6, 0,) if Z<c
and from the abnormal group m,(8,, 0,) if Z=c.
The first integral in (2) is a decreasing function of ¢
and the second is an increasing function of c.

If Z of (2) is transformed to a normal variate with
mean 0 and unit variance, (2) can be expressed as

LEoTHBAGNE. £EL, t=1, 20, f(Z)iF
B[z, (6, 0 ) OEEMETHY, R Ex &6l
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The h(Z) of (3) is minimal when dh(Z)/dc = 0, i.e.,

h(c)=—-ae-©; - ¢)?/20% A
o

1

Hence, the logarithm of (4) gives a single quadratic
function of ¢, i.e.,

Bc2+2yc+85=0
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where =03 — 0}, v=0, 0} _61 03 and
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If 03 > o2, the coefficient of c2 is positive, and if
we assume g, = 0, and a = % in (5), we have a
simple critical value of ¢ = (0, +6,)/2.

SUBJECTS AND QUANTITATION OF MORPHO-
LOGICAL FINDINGS

A total of 184 healthy subjects aged 10-44 at the
time of examination with the morphological findings
of fingernail fold reported by Tsuya et al® was used
in this study.

Nine characteristics of superficial minute vessels
based upon the results obtained by Tsuya et al
were selected for evaluating morphological and
functional abnormalities. They are: (i) dilatation;
(ii) waving; (iii) tortuosity; (iv) branching; (v)
clubbing; (vi) tangling; (vii) granularity; (viii) sub-
papillary plexus (visibility, distortion, etc.); (ix) fine
capillary. Each characteristic was graded 0, 1, 2, or
3 by degree and extent. The degree of morpholo-
gical abnormality was graded as shown in Figure 1.
The extent of such changes were graded 0 when no
change was present in one high power field (120X),
1 when one change was noted, 2 when two or more
were observed, and 3 when changes were noted in
all loops.

The grades of degree and extent for each item were
added together with some positive weight. Total
score (Z) for each individual from the grades of 9
items was obtained by a linear function

9

=1

where j=1, 2, ..., 9 (number of items); e=1, 2, ...,
184 (number of subjects). The two systems of
positive weight used were, Wj=l for all j, and
Wj=1ij where Sj is the standard deviation of the
j-th characteristic. The latter weights are:

bL, 02502451, ¢ ORBEETHY, L, &
BRA G CHVToO =0, b L0 a=YEREF L, ¥
USRI e = (8,4+6,) /2 & % 5.
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ThoTRY vk, KEEL; j=1, 2, %, 9§
B#)©, e=1, 2, -, IM4(dKEH) CHE. H
WEZOOENEHRE, TATHOjIZ2wTRLESO
W=1Lj&HOBMELOBMERES OWHTH 3
W=1/85Tholk. BRENVAELHIROLEBENTH 3:

Item Standard Deviation (S) 1/S
@) Dilatation I 1.73485 0.57642
(ii) Waving RN 1.39472 0.71699
(iii)  Tortuosity i dh 0.86255 1.15935
(iv)  Branching oy i 1.15849 0.86319
) Clubbing {5 B T 5% 1.35220 0.73954
(vi)  Tangling &l 1.43042 0.69910
(vii)  Granularity SURLIR L i7E 1.45980 0.68503
(viii)  Subpapillary plexus 2 T # I it 0.96381 1.03755
(ix)  Fine capillary {1 6 A 10 0.86200 1.16009




FIGURE 1 MORPHOLOGICAL PATTERNS OF THE NAIL FOLD CAPILLARIES
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RESULTS

Table 1 shows the frequency distribution of Z
based upon the two different weights, i.e., Z(1) for
W] 1 for all j and Z(2) for W;=1/S;. As 1ndlcated
in the next section, the frequency of total score

Z(2) gives a better fit as compared with that of Z(1),
Therefore, the following discussion is based on Z(2),

Using Cohen’s method of estimation, the following
estimates of the parameters were obtained from
I(gy glving the minimum x value in Table 2 6 =
5.0, 6 =12.8, §,=2.4, 8,=3.0,and a4 =73.1%.

Fliz, ZOo0RESFBEAIRTVEZOERSTS
5—& Tabb, FTRTOjz>20wTW =10H41
z%eLTEHLL, W=1/58 mi}fau”’*@%br K
O THET 5 £5 12, & Ay £ o E
ZVO SR & T, J:VJJ:LUJE%IE%mL T3,
LiadioT, LTFZ%0&3MiE ML TERT 3.

Cohen DHEE KL & AT, £21H5V TR/ IO x? i
ESAZ g5 RD &I R /\7:<~6? ?{Emﬁ;ﬁ‘i%h
hi: 8 '=5.0, B =12.8, &, =24, 5,=3.0, &
J:UG-ﬁTS 1%.

TABLE 1. FREQUENCY DISTRIBUTION FOR TOTAL SCORE OF TWO DIFFERENT WEIGHTS
#l REe-EZOOFEIF L 2= EG RGO RE# 516

Total score Z(1) for weight Wj =1

Total score Z(2) for weight Wj = l,"Sj

Interval gﬂos'e‘:f % Interval NCZ-s;sf %
0 4 22 0.0- 0.9 4 2.2
1 0 0.0 1.0- 1.9 11 6.0
2 13 7.1 2.0- 29 19 10.3
3 3.8 3.0- 3.9 11 6.0
4 11 6.0 4.0- 49 22 12.0
5 14 7.6 5.0- 5.9 21 11.4
6 10 5.4 6.0— 6.9 13 7.1
7 14 7.6 7.0- 7.9 18 9.8
8 15 8.2 8.0— 8.9 14 7.6
9 12 6.5 9.0—- 9.9 12 6.5
10 11 6.0 10.0-10.9 6 3.3
11 12 6.5 11.0-11.9 7 3.8
12 12 6.5 12.0-12.9 3 1.6
13 9 4.9 13.0-13.9 6 3.3
14 8 4.3 14.0-14.9 4 2.2
15 S 2.7 15.0-15.9 6 3.3
16 5 2.9 16.0-16.9 3 1.6
17 2 1.1 17.0-17.9 2 1.1
18 7 3.8 18.0-18.9 1 0.5
19 5 2.7 19.0-19.9 1 0.5

20 3 1.6 20.0+ 0 0.0
21 2 1.1
22 0 0.0
23 2 1.1
24 1 0.5
25+ 0 0.0
Total 184 100.0 Total 184 100.0




TABLE 2. ESTIMATES FOR VARIOUS VALUES OF r BASED ON THE MOMENT METHOD AND THE CONDITIONAL MINIMUM X2 METHOD

#2 T A PEBILIUBANOEHF O EIIETVAHAO r HIZMT 2 HER
Moment Estimates Conditional Minimum )(2 Estimates
Parameters
Estimated T (0) T ) T (3) T@) I(s) T (6) (M T3 T'©) (10)
4.664 2.332 2.449 2.536 2911 2.886 3.061 3.236 3411 3.586 3.761
N
91 5.269 4.728 4.756 4.776 4.818 4.859 4.901 4.942 4.983 5.024 5.065
31 2.551 2.271 2.285 2.296 2.317 2.338 2.358 2.379 2.400 2421 2.442
§2 13.629 11.838 11.927 11.994 12.127 12.261 12.394 12.528 12.662 12.796 12.930
82 2.551 3.380 3.343 3.316 3.261 3.204 3.147 3.088 3.029 2.967 2.905
a 0.779 0.664 0.671 0.676 0.685 0.695 0.704 0713 0.722 0.731 0.739
ﬁs 6224.436 6779.638 6755.057 6736.475 6698.920 6660.808 6622.084 6582.679 6542.519 6501.515 6459.581
)(2 with df=14 18.134 17.999 17.983 17.973 17.953 17.935 17921 17.911 17.905 17.905 17.912

Note: Fifth central moment of sample V5 = 6736.605

i 5RO FEF LA Vs =6736.605



The observed and expected values based on condi-
tional minimum x* estimates are given in Table 3.

Based on these estimates, the critical value of ¢
which minimizes the probability of misclassification
is found to be 9.596. The chance of wrongly
classifying an individual as normal if Z < 9.596 is
2.2%, and as abnormal if Z =2 9.596 is 3.8%.
Therefore, the probability of misclassification for an
individual coming at random from a mixture of two
normal populations is 6.0% (Figure 2). The
frequency of total scores with normal criterion
less than 9.596 is 78.8% and the frequency of
those with abnormal criterion more than 9.596 is
21.2%. The nine characteristics of nail fold
capillary graded 0, I, 2, or 3 according to degree
and extent are shown for the 145 normal cases and
39 abnormal cases in the Appendix.

XPMEAR AT A5 Mt RICET
FUMIFHEIZE I IR T,

CHhoDOHEEME2L & ICTHABAMELTENCT S ¢
O ¥ EILHENG 12 9.596 TH - 2. Al FEMEZ A 9.59%
FiiThHhE, MAFEFEHEL THE->THET SEE
32.2%ThHD, HFHFMHEZ »9.59%6 L ETH IR
WHELTR-THHTA2HEIXI8%THSE. Lo
T, ZoOHWEGIERBEA, s BELIIBBEENZHEA
LT HALBAMRI6.0%THA (HM2). FEHeEr
L L TOHEET H 5 9.596 Hiil 0 & 5t M AE 0 B £
HEREIZT8.8%THY, BEHLLTOHERMETH S
9.596L) Lo FE MR I I321.2% TH B, iR, FEEEL
HEIZGET, 0, 1, 2, $ 4233054527
EMEMEMME O Lo DOFEE A2 EHH 1466, LU
REBOFH>VTRT.

TABLE 3. OBSERVED AND EXPECTED FREQUENCIES BASED ON CONDITIONAL
MINIMUM ¥? ESTIMATES

#£3 A0 FMFEoEx HICEIOBEER S L UIHFEEH

Group Interval Observation (0) Expectation (E) O/E
0.0 - 0.9 4 6.5 0.6
10— 1.9 11 7.7 1.4
20— 2.9 19 12.9 1.5
30—~ 3.9 11 18.2 0.6
40— 49 22 21.6 1.0
50— 5.9 21 21.9 1.0
60— 6.9 13 19.0 0.7
90— T8 18 14.5 1.2
8.0 - 89 14 10.3 1.4
9.0~ 9.9 12 7.1 1.6

10.0 - 10.9 6 6.7 0.9

11.0 —11.9 g 6.7 1.0

12.0 - 12.9 3 6.8 0.4

13.0 —13:9 6 6.5 0.9

14.0 — 14.9 4 5.6 0.7

15.0 —15.9 6 4.4 1.4

16.0 - 16.9 3 ) 1.0

17.0 —17.9 2 1.9 1.1

18.0 — 18.9 1 1.1 0.9

19.0 — 19.9 1 0.9 ot

Total 184 184.0 1.0 X .a =17.905




FIGURE 2 OBSERVED AND EXPECTED VALUES FOR TWO NORMAL POPULATIONS
BASED ON THE CONDITIONAL MINIMUM 2 ESTIMATES
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COMPUTATIONAL RESULTS AND PROCE- SRR CEHE
DURES
First, two different positive weights, i) W. = 1 for T, BAUMMC L TEHEAOSHES S EBADE

all j items and ii) W; I/Sj (Sj: the standard
deviation for the j-th item), were used to obtain the
total score for each individual from the grades of
each item by a linear function. The weight ii) gives
a better fit than that of i). That is, when the total
scores obtained by equal weight of i) were used,
the minimum x? value = 26.225 with 19 degrees of
freedom gives 87% level. On the other hand, when
Wj = l,n'S_i of ii), a minimum ¥? value = 17.905 with
14 degrees of freedom is at the 77% level. The
difference between the two is not much. However,
the probability of misclassification for the total
scores transformed by the two different weights
was 13.2% versus 6.0%. The former equal weight
approach had a misclassification probability over 2
times that of the latter.
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The pioneer work of Karl Pearson (1894)™ in the
estimation of five unknown parameters in a mixture
of two normal distributions introduced a ninth
degree polynomial equation of well known nomic in
which one real root x may always be found. This
root is a negative real root since m; =0, —/.lr <0,
m, = 0,-u] > 0, where uy =af; + (1—a)f, for
0<a<1,and then x =m m, < 0.

The special case of estimating four unknown para-
meters a, 6, 0, and ¢ for a mixture of two normal
populations with equal variances was considered by.
Rao (1954)°

Cohen? introduced a simple procedure which
considerably reduced the computational effort
required for the estimation of parameters in a
mixture of two normal distributions with unequal
variances.  Cohen first employed the estimates
obtained in the special case with equal variances as
the initial approximation in an iterative method for
simultaneously solving the basic system of moment
equations applicable in a more general situation.
The following simple cubic equation with equal
variance constructed from the first four central
moments V, (t=1, 2, 3, 4) of the sample was used:

213 +ky x+V2=0

In the event that r = m; + m, is known, Cohen
derived a cubic equation in x such that

—POWEERFHIEEINERMDAEOD/85 4 — 5 —
&ifEE 4 5 Karl Pearson (18944 ) o) % BR Ay FF 2513 14
BIE—ONERx HHEEST B LV, L<AMBALIR
ERAEMAL 2. ZOMiEm =0 —p}<0, m=
B,=KI>0, 2EL, 0<G <1zl Tat=ad +
(1-a) 6, TH30T, ANDEBTH-T, x=m m,<
0r%3.

Rao (I1954%F )" 1f, ## A — 50 M FEREER 513
S5EMOM>D /87 A -4 —a, 8, 6, 5L00 OHftE
BERL L.

Cohen® |3, FHAEL 2VWHEED - >OHMEERS
BT A -y —FECVELHEREE L <
bE AT L K iEEMA L. Cohen 13, —fEIZAL
SNTVAMME HFRNDIEFOM 2 REIZES K8
DMMBEE LT, 2FIMABELOELAE 21285
NSMEEMER 2. MWD 4K E T oAb
Voit=1, 2, 3, 4)»roMisha St +s

fij 8 & kD 3 K HFER

fork, =V, — vz

# M /2. Cohen (1, r=m +m, FEEHOHEI KD
EIExDIRFEALH .

6x3 — 212 x2 + (3k; — 41V4)x + V3 =0

The required value of ry, St iteration can be
effectively obtained by simple linear interpolation
or extrapolation to approximate the fifth central
moment of (1)

M5 =am, [150} + 10m? 0} + m? ] +(1-a)m, [150%+ 10m% 02 + m} |

into the fifth central moment of sample Vs

11

REIZ@EL i+ 1HFHO vz, (1) X0 5 Ko
BORRA) & 205 ROBA P OHEIZEW+ 5 i1 4 &
BURER k& 7 2RV ks TR

3

(5)

kHsh s,



As the iterative procedure to seek a single negative
root, the author used the standard Newton’s
method.  Application of Newton’s method to a
cubic equation with equal variance gave an initial
value of x = —1, and following 17 iterations it
converged to a negative root with a relative error of
less than 1/1000. When the variances were not the
same, Cohen® introduced a cubic equation of x for
a known r value. When the negative root ﬁ(o)
estimated first under equal variance and ?c(i_l)
obtained by the previous cubic equation for a given
Iy was used as the initial value, convergence was
obtained with ease for an absolute error of less than
1/1000 after a few iterations.

Hasselblad’s method of estimation was evaluated as
a method to estimate 3f—1 parameters for mixtures
of f normal distributions rather than for two normal
distributions.' Hasselblad’s approach was not used
on the author’s special case with two normal
distributions because it requires a large sized sample
and a large capacity computer.

For the comparison between the moment method
and the maximum likelihood method, and for
assessing the sample size to obtain reasonable
estimators, Tan and Chang!® derived the informa-
tion matrix of (a, 6, 0,, 02) with equal variance
and evaluated the information by direct numerical
integration with a high speed computer. It was
observed that the maximum likelihood method was
much better than the moment method in all cases.
Kendall'® has shown that to the order of N*% for
the grouped data, the estimates obtained by mini-
mizing ¥? are equivalent to maximizing the likeli-
hood function.

It is considered that Cohen’s systematic approach
for the conditional minimum x> method will give
fairly valid estimates for actual data of modest
sample size. In order to obtain a conditional
minimum 2 value, computer evaluation of normal
function introduced by Milton and Hotchkiss!” was
utilized as an error function to calculate expected
values of each group interval. Their program is of
moderate length and the results can be obtained
fast and accurately.

Penrose'® has studied the problem of classification
of two normally distributed sets of measurements
of equal numbers from populations my (04, 0%) and
m,(0,, 03). He assumed the chance that an
individual belongs to population 7, as compared
with the chance of belonging to population T, isa
ratio of m, /7, .
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On the other hand, Rao!'® proposed the probability
of wrongly classifying an individual chosen at
random from a mixed population of two distinct
groups of individuals in the proportion of a:(l-a)
for 0 < a <1 was ag; +(1-a)p, where ¢,is the
chance of wrongly classifying an individual into
population 7, and %, is the corresponding chance
for 172.“ From the frequency distribution of the
transformed total scores as shown in Figure 2, it is
felt Rao’s procedure is appropriate for determina-
tion of a critical value to minimize the probability
of misclassification of two normal distribution with
five known parameters a, 0.0, 0, and o,.

DISCUSSION

In the so-called standard pattern of nail fold, thin
capillaries have smooth afferent and efferent limbs
without tangling and there is no excessive elongation
or dilatation. Granular streaming, interruption of
blood column, and distorted subpapillary plexus
were not observed, but the background was of
normal color tone. This pattern corresponds to
pattern A of Gibson® and is called “‘open loops.”
Gibson has subdivided this pattern into pattern B
(open type), and patterns C and D (closed types).
As these were found in 89.7% of the total, they were
classified as “normal pattern.” However, it has
been pointed out that there is a fair number of cases
with  considerable morphological abnormalities
among those classified as normal by Gibson,
Yamamori® further simplified the criteria for normal
used by Miller and classified those with very
little or slight branching and tortuosity as normal,
and reported that the rate of normals in his series
was 88.3%. Thus, he included certain morphological
changes in his criteria for classifying the findings on
minute vessels into normal and abnormal groups.

In order to make an objective evaluation, Tsuya
et al™® assigned grades from O to 3 to each of the
nine types of morphological changes in the minute
vessels, and applied the same weight to each to
obtain a total score for each individual. When the
total score was less than the mean plus one standard
deviation, the case was classified as normal. Some
82.6% of the cases fell into this category. This
proportion differs from that of Yamamori, but
when those with slight branching and tortuosity are
classified as normal in Tsuya’s series, the normal
rate (85.3%) agrees more closely with that of
Yamamori.
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It is true that the 9 descriptors of morphological
change are correlated, and there is a problem in
deciding how to classify changes less than Grade 2.

Under the assumption that the total score was
obtained from a mixture of two Gaussian distribu-
tions for the “normal” and “abnormal” groups, a
criterion was established which would minimize the
probability of making a misclassification. Applying
this criterion to Tsuya’s data, 78.8% (145/184) of
the total were classified as normal by this statistical
procedure. Because of the lack of the objective
criteria for determining of normal morphology of
minute vessels of the fingernail fold, it is not
possible to make a precise evaluation of the
accuracy of the derived value. However, it seems
to be within the general range of “normal’ values
determined by other observational methods.
Furthermore, this statistical approach does provide
a methodology free of observer bias which takes
into consideration all the different descriptions
used in a study.
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APPENDIX NINE CHARACTERISTICS OF FINGERNAIL FOLD CAPILLARY
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