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SUMMARY:
Background:  The methods for  de l imi t ing and measur ing cutaneous responses can s ign i f icant ly  in f luence the resu l t  o f  sk in

tests .  For  th is  reason,  when sk in  tes ts  are used for  purposes of  c l in ica l  research,  the use of  computer ized methods is  recom-
mended to  reduce the measurement  er ror  o f  t rad i t iona l  methods.  In  the present  s tudy we eva luated the degree of  prec is ion
and accuracy of  the po in t  count ing technique,  employed in  morphometry  for  measur ing p lane images.

Methods:  The degree of  prec is ion and accuracy of  the po in t  count ing technique were s tud ied us ing a panel  o f  geometr ic
f igures (c i rc les  and e l l ipses)  o f  sca lar  s ize and some ser ies  o f  wheals  and f lares o f  var ious s izes,  f rom very  smal l  d imensions
to greater  and i r regu lar ly -shaped ones,  which can represent  the d i f ferent  degrees of  in tens i ty  o f  cutaneous responses.  The
ef f ic iency of  the method was compared wi th  the e f f ic iency of  the t rad i t iona l  one based on the measurement  o f  d iameters .

Resul ts :  Under  the var ious exper imenta l  condi t ions the average measurement  er ror  by the po in t  count ing technique was
conta ined wi th in  the l imi t  o f  9Yo,  wi th  a  var ia t ion coef f ic ient  o f  about  7%. Unl ike the t rad i t iona l  method based on the length o f
d iameters ,  the po in t  count ing technique proves to  be very  prec ise and accurate  to  est imate both areas of  smal l  d imensions
and very  large and i r regu lar ly -shaped ones.

Conclusions: The point counting method proved to be rel iable and to possess a satisfactory degree of accuracy and preci-
s ion in  the measurement  o f  cutaneous responses of  any type.  When computer ized programmes are not  ava i lab le ,  the po in t
count ing technique can advantageous ly  be used for  purposes of  c l in ica l  research and for  methodolog ica l  s tud ies on pr ick  tes t
procedures.
Key-words: Skin-prick test - Skin-test areas measurements - Morphometry - Point-counting technique.

IIUTRODUGTIOil

h e  m e t h o d s  f o r  o u t l i n i n g  a n d  m e a s u r i n g  c u t a -

n e o u s  r e s p o n s e s  c a n  s i g n i f i c a n t l y  i n f l u e n c e  t h e

r e s u l t  o f  s k i n  t e s t s  ( 1 - 4 ) .  T o  d i a g n o s e  a l l e r g y  t h e

cr i te r ia  o f  pos i t i v i t y  a re  based on  a  semi -quant i ta t i ve
eva lua t ion  o f  the  s ize  o f  cu taneous responses  compa-
red  w i th  a  h is tamine re fe rence wea l  (5 )  o r  on  a  f i xed
cut -o f f  l im i t  (6 ,  7 ) .

Ouant i ta t i ve  measurement  methods ,  as  p rec ise  and
accura te  as  poss ib le ,  a re  requ i red  in  the  s tud ies  o f
reproduc ib i l i t y  o f  the  method and when the  pr ick  tes t
i s  used fo r  purposes  o f  c l in ica l  research  or  fo r  pur -
poses  d i f fe ren t  f rom a l le rgy  d iagnos is ,  -  as  fo r  ins tan-
ce  the  b io log ica l  t i t ra t ion  o f  ex t rac ts ,  the  mon i to r ing
of  immunotherapy  or  the  e f f i cacy  s tud ies  o f  an t i -a l le r -
g i c  d r u g s  ( 4 , 8 , 9 ) .  A  m e a s u r e m e n t  o f  a r e a s  b y  c o m -
puter  scann ing  has  been recommended to  reduce the
e r r o r s  o f  t r a d i t i o n a l  m e t h o d s  t 1 0 ) .

(1 )  Az ienda  l s t i t u t i  Ospeda l ie r i  'C .Poma '  -  Man tova  -  Serv i z io
A u t o n o m o  d i  A l l e r g o l o g i a  -  O s p e d a l e  d i  A s o l a ,  M N  ( l t a l ì a ) .

The use o f  a  computer  and a  t rac ing  dev ice  such as  a
d ig i t i zer  pad or  a  scanner ,  however ,  requ i re  ra ther
expens ive  equ ipment  and/or  p rogrammes,  wh ich  are
not  a lways  ava i lab le  to  a l l  researchers .  So the  use  o f
the  methods  o f  morphomet ry ,  and in  par t i cu la r  o f  the
po in t -count ing  techn ique,  has  recent ly  been sugges-
ted  (11) .  The method is  qu ick ,  cheap and sc ien t i f i ca l l y
approved o f  (21 ' ,  bu t  so  fa r  i t  has  no t  been app l ied  or
va l ida ted  fo r  c l in ica l  s tud ies  in  a l le rgy .
The purpose of  the present study was to evaluate the
degree o f  p rec is ion  and accuracy  o f  the  po in t  coun-
t ing  method fo r  the  measurement  o f  cu taneous res-
ponses  a lso  w i th  a  v iew to  a  poss ib le  app l i ca t ion  fo r
purposes  o f  c l in ica l  research  and fo r  methodo log ica l
s tud ies  on  pr ick  tes t  p rocedures .

METHODS

The performances of  the point  count ing technique
were analysed using a panel  of  geometr ic f igures of
sca la r  s ize  and some ser ies  o f  whea ls  and f la res  o f
var ious dimensions, which can represent the di f ferent
degrees of  intensi ty of  cutaneous responses, f rom very
smal l  to  la rger  and i r regu la r ly -shaped ones .
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P o i n t - c o u n t i n g  m o r p h o m e t r y

Morphomet ry  de f ines  the  methods  used to  ob ta in
quant i ta t i ve  da ta  f rom the  measurement  o f  p lane (b i -
d i m e n s i o n a l )  i m a g e s  ( 1 2 ) .  A r e a s  o f  r e g u l a r  g e o m e t r i c
f igures  (such as  squares ,  c i rc les  o r  e l l ipses)  can eas i -
l y  be  ca lcu la ted  by  an  appropr ia te  fo rmula .  However ,
no  equat ions  ex is t  fo r  i r regu la r ly -  shaped areas .

Precise measurement methods require the use of  a pla-
nimeter,  a device which is not easi ly avai lable today, or
of  computer ized techniques of  image analysis.

A simple solut ion to obtain precise enough est imates is
to draw the out l ines of  the area on a paper sheet wi th
a square gr id.  The total  area of  the f igure wi l l  equal  the
sum o f  the  squares  tha t  p redominant ly  l ie  in  the  ou t l i -
ne.  Even though some squares are not completely
included in the f igure,  i ts  out l ines wi l l  occupy a part  of
the adjacent squares,  so the errors tend to average out.

To make counts easier we can indicate the area of  each
square wi th a dot placed exact ly at  i ts  centre and then
e l im ina te  the  gr id .  Th is  obv ious ly  makes the  work
much easier,  as no qual i tat ive decis ion has to be made
about  whether  a  square  is  p redominant ly  in  o r  ou ts ide
the out l ine.  In th is way, to calculate the surface, i t  wi l l
suf f ice to count the number of  points inside the f igure
under  examinat ion  and mul t ip ly  them by  the  square
area. This is the or ig in of  the expression 'point  coun-
t ing ' techn ique in  morphomet ry .  In  fac t  a  g r id  o f  po in ts
o f  the  needed d imens ions  pr in ted  on  a  t ransparency  is
pu t  over  the  f igure  under  examinat ion .

The prec is ion  o f  the  method depends on  the  s ize  o f
the  squares :  the  smal le r  the  s ize ,  the  more  prec ise  the
es t imat ion .  In  the  present  s tudy  we used a  3mm gr id
(areas  o f  9  mm squared per  po in t ) ,  an  average s ize
compared w i th  the  s ize  o f  the  whea ls  and f la res  tha t
can be observed in the rout ine pract ice of  skin tests.

R e f e r e n c e  g e o m e t r i c  a r e a s

Two series of geometric f igures of scalar size, one of
c i rc les and the other of  e l l ipses, were obtained with a
stenci l .  Fi f teen circ les,  whose diameters ranged from 4
to  34  mm,  and 13  e l l ipses  w i th  longer  d iameters  rang ing
between 5 and 40 mm were drawn. For each of  them we
calculated the area by the corresponding mathematical
fo rmula .  The va lue  ob ta ined was cons idered as  " t rue
value" to val idate the method stat ist ical ly.

S k i n  p r i c k  t e s t  a r e a s

The pr ick
techn ique,

220

tes ts  were  per fo rmed w i th  a  s tandard ized
u s i n g  a  d i s p o s a b l e  p u n c t u r i n g  d e v i c e  i n

a c r y l i c  c o p o l y m e r ,  w i t h  a  1 - m m  p y r a m i d a l  t i p
(Laborator io Farmaceut ico Lofarma, Mi lan).  The tests
were carr ied out,  af ter  the pat ients '  informed consent,
in three heal thy volunteers wi th s ix di f ferent concen-
t ra t ions  o f  h is tamine in  a  g lycero-sa l ine  so lu t ion  (0 .1 ,

1 ,  2 ,3 ,  5 ,  10o/ "1 to  ob ta in  cu taneous responses  o f  sca-
lar  s ize.  We performed 18 pr ick tests,  6 per subject ,
into forearms. Ten minutes af ter  the pr ick test  the
wea l  and f la re  ou t l ines  were  marked w i th  a  perma-
nent  ink  fe l t  pen,  t rans fer red  on to  t ransparency
sheets,  and then photocopied onto paper.

ln th is way we obtained three ser ies of  pr ick tests of
sca la r  s ize  ( longes t  d iameter  rang ing  f rom 3 .5  to  12
mm), which wel l  represented di f ferent degrees of
in tens i ty  o f  the  cu taneous responses .  F ina l l y  we used
a further ser ies of  ten part icular ly wide cutaneous res-
ponses  w i th  very  i r regu la r ly -shaped whea ls .  They
were obtained from seven di f ferent pat ients sensi t i -
zed  to  the  common a l le rgens  wh ich  had caused exag-
gera ted  cu taneous responses  dur ing  the  normal  p ro-
cedures  o f  a l le rgy  d iagnos is  by  sk in  p r ick  tes t .

C u t t i n g  a n d  w e i g h i n g  m e t h o d

Th is  method was used to  es tab l i sh  the  " t rue  va lue"  o f
the areas of  the cutaneous responses that we obtai-
ned w i th  h is tamine and the  common a l le rgens ,  by  the
procedures  prev ious ly  descr ibed in  l i te ra tu re  (4 ) .

The out l ine of  the skin responses, recorded as descr i -
bed before,  were enlarged four t imes by photoco-
py ing  and cu t  w i th  a  sc issor .  The areas  o f  the  whea ls
and f la res  were  then we ighed on  a  labora tory  p rec i -
s i o n  b a l a n c e  ( p r e c i s i o n  d e g r e e  o f  r  0 . 1  p g ) .

Three re fe rence areas  o f  100 mm were  s imi la r ly  en la r -
ged,  cu t  and we ighed.  The average we igh t  was  used
to  ca lcu la te  the  areas  o f  the  sk in  tes ts  in  square  mi l l i -
met res ,  assuming a  un i fo rm th ickness  o f  the  photo-
copy paper.

To est imate the inaccuracy of  the method we repea-
ted ,  th ree  t imes,  the  procedures  o f  "cu t t ing  and we i -
gh ing"  o f  the  same ser ies  o f  sk in  tes ts ,  inc lud ing
some very  smal l  and very  la rge ,  i r regu la r  cu taneous
responses.

S i z e  d e t e r m i n a t i o n  b y  d i a m e t e r s

The size of  the skin responses was recorded as the
mean o f  the  produc t  o f  the  longes t  and the  midpo in t
o r thogona l  d iameters  o f  bo th  whea l  and f la re ,  accor -
d ing  to  the  EAACI 's  recommendat ions  (6 ,71 .  By  ana-
logy  w i th  the  cu t t ing  and we igh ing  method,  in  o rder
to  min imize  poss ib le  inaccurac ies ,  we measured the
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d iameters  w i th  a  magn i fy ing  g lass  (4x)  equ ipped w i th
a  mi l l imet r i c  sca le  g raded a t  0 .5  mm.

When i t  was necessary for  the stat ist ical  analysis of
the  da ta ,  we ca lcu la ted  the  areas  o f  the  whea ls  and
f la res  by  the  fo rmula  n*Dml2  (where  Dm is  the  ar i th -
met ica l  mean o f  the  sum o f  the  longes t  d iameter  and
of  the  one perpend icu la r  to  i t s  midpo in t ) ,  as  in  p re-
v ious  s tud ies  on  the  top ic  (4 ) .

S t a t i s t i c s

The accuracy of the method was evaluated by compa-
r ing the measurements of  the geometr ic areas and of
the prick tests, estimated by the point-counting tech-
nique, wi th their  " t rue value",  obtained respect ively by
fo rmula  or  by  the  cu t t ing  and we igh ing  method.
Measur ing agreement was also assessed by plot t ing the
data according to Bland and Al tman's method (13, 14).

The degree of  precis ion of  the method was calculated
by  repeated ly  measur ing  the  areas  o f  the  cu taneous
responses of  three pr ick tests,  two of  which were very
wide and i r regular.  Seven di f ferent operators,  who
had prev ious ly  been ins t ruc ted  in  the  theore t ica l  p r in -
c ip les  o f  the  method and who had been g iven a  shor t
p rac t ica l  demonst ra t ion  o f  the  use  o f  the  po in t -coun-
t i n g  t e c h n i q u e ,  p e r f o r m e d  t h e  m e e s r r r e m t r n t  n n p r a -
t ion  a t  d i f fe ren t  t imes,

In  o rder  to  make a  compar ison be tween the  overa l l
e f f i c iency  o f  the  po in t -count ing  techn ique and the  e f f i -
c iency  o f  the  t rad i t iona l  method based on  the  measu-
rement  o f  d iameters  under  the  d i f fe ren t  measurement
cond i t ions ,  we ca lcu la ted  the  cor re la t ion  s t ra igh t  l ine

of  the resu l ts  obta ined by each of  the two methods and

the ones of  the re ference system (mathemat ica l  for -

mu la  o r  cu t t i ng  and  we igh ing  me thod ) .  As  t he  use  o f

the cor re la t ion coef f ic ient  can be mis leading (13,  141,

the agreement  between the two methods was eva lua-

ted again  by B land and Al tman's  method,  a f ter  conver-

t ing the l inear  measurements  o f  the d iameters  in to

areas,  as prev ious ly  descr ibed.

RESULTS

Wi th  a  po in t  g r i d  o f  3  mm (9  mm pe r  po in t ) ,  t he  po in t

count ing technique proved to  possess a sat is factory

degree of  accuracy under  the d i f ferent  exper imenta l

condi t ions prov ided for  by the s tudy protoco l  ( tab le  1) .

The measurement  o f  regu lar  geometr ic  areas demons-

t ra ted a good correspondence of  the va lues wi th  an

average percentage er ror  o f  more or  less about  5%.

Also the est imate o f  the areas of  the cutaneous res-
ponses,  re la ted to  both the weals  and f lares,  was sat is -

fac tory .  The average percentage er ror  was s imi lar  and

was  con ta ined  w i t h i n  t he  l im i t s  o f  abou t  *  8o /o ,  i n  sp i t e

o f  t he  p resence  o f  ve ry  sma l l  a reas ,  i n fe r i o r  t o  30  mm,

w h i c h  a r e  p r e j u d i c i a l l y  s u b j e c t  t o  a  h i g h e r  m e a s u r e -

m e n t  e r r o r  ( 4 ) .

S i m i l a r  r e s u l t s  w e r e  o b s e r v e d  a s  f a r  a s  t h e  m e a s u r e -

m e n t  o f  t h e  a r e a s  o f  p a r t i c u l a r l y  w i d e  a n d  i r r e g u l a r

w h e a l s  a n d  f l a r e s  w a s  c o n c e r n e d  ( a b o u t  t 7 % 1 .  A  v e r y
good  ag reemen t  be tween  po in t  coun t i ng  and  measu -

remen ts  resu l t i ng  f r om fo rmu la  o r  t he  cu t t i ng  and

we igh ing  me thod ,  bo th  rega rded  as  t he  go ld  s tan -

da rd ,  was  a l so  shown  by  B land  and  A l tman ' s  t es t
( f i gu re  1 ) .  Repea ted  coun ts  o f  t he  same  a reas ,  pe r fo r -

Reference areas Point counting

Type N Size (mm_)
(range)

Maximum Error
(range)

Average Error
(mean È sd)

Circ les 1 4 12,56 * 855.30 8,49 -  6,46 1 . 0 9  t  4 . 1 3
El l ipses 1 3 8 , 2 5  -  8 1 6 . 8 1 9,09 - -8,26 0,43 + 4,83

Whea ls  ( " ) 1 8 19,4  -  56 ,6 8 , 1 1  -  - 8 , 3 0 -2,77 * 5,32
F lares  ( * ) 1 8 220,9 -  816,3 7,25 -  -6,64 1.98 t  4,37

Wheals ( . ) 1 0 69,0  -  127,9 4 ,35  -  -7 ,12 2,43 t 3,58
Flares (") 1 0 928,4 - 1482,1 1 0 , 1 0  -  - 6 , 5 5 2,95  x .4 ,94

At l 83 8,25 - 1482,1 1 0 , 1 0  -  - 8 , 3 0 0,28 * 4,88

Table 1 :  Cumulat ive resu l ts  o f  the measurement  o f  the re ference areas by the po in t  count ing technique.
Size: variat ion interval of the size of the reference areas considered (true value).
(*) Series of cutaneous responses of scalar size obtained in healthy volunteers with growing concentrations of histamine.
{o} Series of part icularly wide cutaneous responses with irregularly-shaped wheals.
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med by di f ferent operators at  d i f ferent t imes, show
that  the  method is  very  p rec ise ,  w i th  a  var iab i l i t y  coe f -
f ic ient  (CV) infer ior  to 8% l table 2\ .

To  ca lcu la te  the  " t rue  va lue"  o f  the  cu taneous res-
ponses  we used the  cu t t ing  and we igh ing  techn ique.  l t
i s  a  method va l ida ted  to  th is  purpose in  l i te ra tu re ,  bu t
i t  i s  l iab le  to  s l igh t  inaccurac ies  resu l t ing  f rom the  cu t -
t ing  opera t ions .  The smal le r  and the  more  i r regu la r  the
surfaces under examinat ion,  the greater the possibi l i ty
of  error.  To minimize i t ,  i t  is  useful  to enlarge the areas
four t imes before the cutt ing operat ion.  With th is
obvious precaut ion the method shows a very good
degree of precision, with a CV inferior to 4o/o.

The s tudy  o f  the  l inear  regress ion  shows the  l inear i ty
o f  the  po in t  count ing  techn ique compared w i th  the
reference system and the good overal l  performance
of  the  method ( tab le  3 ) .

Also the usual estimation method based on the product
of diameters demonstrates a good correlation with the
reference system, with coefficients similar to the ones
obtained by the point  count ing technique ( table 3).
However, when this method is used for the estimation of
very irregular areas, there is a significant shift from linea-
rity (r = 0,629), as already documented in l iterature (8).

Bland and Al tman's test  shows that there is a systema-
tic overestimation error of the size of the areas, with
significant differences (over 20y.1, unacceptable in the
studies where a very high degree of  precis ion is neces-
sary ( f igure 2).

ln the present study, however,  we observed no signi-
f icant di f ferences between the two methods in the
es t imat ion  o f  very  smal l  a reas .  We th ink  tha t  th is
resu l t  was  due to  the  pre l im inary  en la rgement  o f  the
areas  to  be  measured,  as  p rev ious ly  descr ibed.

IDTSGUSSION

The resu l ts  o f  our  s tudy  demonst ra te  tha t  the  po in t
c o u n t i n g  t e c h n i q u e  i s  r e l i a b l e  a n d  c a n  b e  p r o f i t a b l y
used to  measure  the  areas  o f  the  responses  ob ta ined
b y  s k i n  t e s t s .

Using a 3-mm gr id we obtained a very sat isfactory
degree o f  accuracy  and prec is ion  in  the  measurement
o f  bo th  whea ls  and f la res ,  under  a l l  exper imenta l
cond i t ions ,  The prec is ion  o f  the  po in t  count ing  method
obv ious ly  depends on  the  s ize  o f  the  squares  used:  the
smal le r  the  square ,  the  more  prec ise  the  es t imates .  The
same pr inc ip le  i s  used in  computers ,  where  each d ig i -
ta l  image is  composed o f  a  h igh  number  o f  p ixe ls ,

Table 2 :  Prec is ion degree of  the po in t  count ing method.
Results of seven repeated counts of three cutaneous res-
ponses (wheal  and f lare ,  inc lud ing two very  large and i r re-
gu la r  ones ) .

F igure 1 :  Eva luat ion o f  agreement
and measur ing re ference methods
Altman's test.

between point counting
accord ing to  B land and
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Figure 2: Evaluation of agreement between size of irregular
f lares and wheals calculated by diameters and true value of
areas according to Bland and Altman's test.
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1t f lare 476 478,28 t 19.04 3,98

2d wheal 96.9 9 5 , 1 4  *  4 , 8 1 5,05

2d flare 1 1 9 5 , 9 1276,71  =  58 ,19 4.56

3d wheal 123,2 120.86  t  8 .78 7,26

3d f lare 1454 1596,86 * 58,52 3,66
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Figures Linear regression r -  value Straight l ine formula
( y = a + b x )

C i rc les

E l l ipses

Whea ls  (x )

F la res  ( * )

Whea ls  ( ' )

F la res  ( " )

Dxdl2 Vs True Area
Point  C Vs True Area

Dxdl2 Vs True Area

Point C Vs True Area

Dxdl2 Vs True Area
Point  C Vs True Area

Dxdl2 Vs True Area
Point  C Vs True Area

Dxdl2 Vs True Area

Point  C Vs True Area

Dxdl2 Vs True Area
Point  C Vs True Area

0,999
0,999

0,999

0,999

0,962
0,986

0,986
0,998

0,629

0,984

0,905
0,965

Y = - 1  , 3 2 + 0 , 6 4 x

Y  =  1 , 4 1  +  0 , 9 9  x

Y =  0 ,03  +  0 ,64  x

Y =  -0 ,86  +  1 ,00  x

Y  =  - 4 , 1 2  *  Q , J l  Y

Y  =  - 0 , 1 3  -  0 , 9 8  x

Y =  -23 ,54  *  0 ,78  x

Y  =  - 2 3 . 8 9  .  1 . 0 8  x

Y = 25,63 + 0,41 x

Y  = 7 , 5 4  +  0 , 9 0  x

Y = -90,56 + 0,92 x

Y =  13 ,06  +  102 x

Table 3 :  Corre la t ion between measurements  obta ined by the po in t  count ing method (Poin t  C)  and on the bas is  o f
the length of the diameters lDxdl2l and the ones obtained by the reference methods (True Area: true value of areas
by formula or  cut t ing and weigh ing method) .
( * )  Cutaneous responses of  sca lar  s ize obta ined in  heal thy  vo lunteers  wi th  increas ing concent ra t ions o f  h is tamine.
( " )  Ser ies  o f  par t icu lar ly  wide cutaneous responses wi th  i r regu lar ly -shaped wheals .

w h i c h  a r e  t i n y  s q u a r e s  t h a t  c a n  b e  s e e n  v e r y  w e l l w h e n
t h e  i m a g e  i s  h i g h l y  e n l a r g e d .  A  p r e c i s e  d i m e n s i o n  o f
t h e  i m a g e  c a n  b e  o b t a i n e d  b y  c o u n t i n g  t h e  s i n g l e
p ixe ls  tha t  compose i t ,  obv ious ly  a t  computer  speed.

T h e  u s e  o f  v e r y  s m a l l  g r i d s  w o u l d  r e q u i r e  t i m e  a n d  a n
unbearab le  work load rv i th  manua l  techn iques ;  there fo-
re i t  is  necessary to come to a reasonable compromise
between the size of  the gr id and the t ime necessary to
measure the areas. ln morphometry i t  was, however,
demonst ra ted  tha t  the  number  o f  po in ts  requ i red  to
reach a  h igh  degree o f  accuracy  is  surpr is ing ly  low,  so
a compara t ive ly  coarse  gr id  migh t  be  employed.

In  conf i rmat ion  o f  th is  methodo log ica l  assumpt ion ,  in
our study we obtained a high degree of  accuracy using
a 3-mm gr id,  re lat ively coarse to measure areas of  very
smal l  wheals wi th the longest diameter infer ior  to 5-6
mm. This could have caused a s igni f icant loss of  the
method performance, which did not occur in our ser ies,
showing once again that  potent ia l  est imat ion errors,  due
to relat ively wide gr ids,  tend in pract ice to balance out.

I t  is  possible to est imate the precis ion of  the point  coun-
t ing  method by  ca lcu lus .  For  ease o f  use  nomograms
have been pub l ished wh ich  a l low read ing  o f f  the  num-
ber of  necessary points at  a given error level  (15,  16).

We empi r i ca l l y  ca lcu la ted  tha t ,  to  conta in  the  measu-
rement  e r ro r  w i th in  and no t  beyond the  l im i t  o î  12%o,
i t  wou ld  be  necessary  to  use  gr ids  w i th  a  d iagona l  d is -
tance between two points infer ior  to hal f  the longest
d iameter  o f  the  area  to  be  ca lcu la ted  ( the  d iagona l
can be  ob ta ined by  mul t ip ly ing  the  hor izon ta l  d is tan-
ce between two points by 1,41).

A  pre l im inary  cho ice  o f  g r ids  su i tab le  to  the  s ize  o f
the areas to be measured is to be recommended for
sc ien t i f i c  s tud ies ,  where  the  re la t i ve ly  longer  t ime
needed fo r  the  ca lcu la t ion  can be  jus t i f ied .

We think that  a 3-mm gr id l ike the one we used is sui-
table to measure,  wi th precis ion,  the areas el ic i ted
under ordinary condi t ions by skin tests.  In case of  very
smal l  areas, infer ior  to 8 mm of diameter,  where the
est imat ion error could be over 12%, i t  is  useful  and
advisable to enlarge the areas three or four t imes by
photocopying. This procedure is used in var ious c i r -
cumstances in l i terature and has proved, also in the pre-
sent study, sui table to reduce the est imat ion error to
negl ig ib le levels.

The est imate of  the s ize of  the wheals and f lares,  based
on the measurement of  the longest diameter and of  the
orthogonal  one at  i ts  mid-point ,  as recommended by
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the EEACI,  was, as foreseen, sat isfactory and rel iable to
measure average size areas. The performance of  the
method was good also when the areas were very
smal l ,  thanks  to  the  use  o f  a  magn i fy ing  g lass  equ ip-
ped with a mi l l imetr ic scale.  We think that  wi th these
simple precaut ions and on condi t ion that the areas to
be measured are  round and regu la r  enough,  the  mea-
surement of  cutaneous responses on the basis of
of thogonal  d iameters is in any case a useful ,  re l iable
method also for  purposes of  c l in ical  research.

Ins tead,  w i th  i r regu la r  a reas ,  above a l l  whea ls  w i th
pseudopods, we observed a great reduct ion of  the
method performances, wi th a s igni f icant shi f t  f rom
l inear i ty.  We must therefore agree that under the
above exper imental  condi t ions i t  would be necessary
to resort  to other methods with better character ist ics.

The po in t  count ing  method proved to  be  re l iab le  and
possess a sat isfactory degree of  accuracy and preci-
s ion  in  the  measurement  o f  cu taneous responses  o f
any type. When computer ized programs are not avai-
lab le ,  po in t  count ing  techn iques  can pro f i tab ly  be
used fo r  purposes  o f  c l in ica l  research  and fo r  metho-
do log ica l  s tud ies  on  pr ick  tes t  p rocedures .
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