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ROOT SURFACE MEASUREMENT AND A METHOD 
FOR X-RAY DETERMINATION OF 
ROOT SURFACE AREA 

The area of the root surlace of hum:in teeth has interested 
several investigators. Attempts have been rnnde, both to est:iblish 
a connection between masticatory pressure and periodontal niem- 
brane area ant1 to find how g r w t  a loss in :tLt:ichrnent are:i will 
be c:tusetl hy :I given horizontal hone loss. U'ith such purposes 
in view, average values for the surface area o f  the various teeth 
have heen calculated. Thus ,Iforp/li (1920) gives :I series o f  :ireit 

v:ilnes baseti on the root as  :I well-defined geometric figure - 
the central incisor in the upper jaw, for instance, heing con- 
sidered a cone - the surl 'xe area of which can  he calculated 
with the aid of a simple m:ithern:ttic:il formula. 

Brown ( 1950) describes :i rnelhotl of root surface me:isurcment 
employing the so-called membrane technique. The root 01' Lhe 
tooth is coated with :I latex solution, which, after setting, is pull- 
ed off a s  :] Iiieiiihraiie. 'I'his iiieiiibrane is then laid on graph 
paper and the number of covered riiillirnetre sqtiares counted. 
13oyrl ( 1958) ~ne;isured the :ire:i o f  teeth belonging to the fol- 
lowing categories: mol:irs, premol:irs, canines, 1;iter:il incisors 
anti central incisors, using the inerii1)rnne technique. 

'I'he mean w l u e  of 5 teeth from e:ich category was correlated 
with the ni:istic:itory pressure, exerted hy these teeth. Moreover, 
the root surf:ice :ire1 w a s  conip;iretl to the whole of the denture 
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bearing area, corresponding to :in(] including the rite\, where 
the teeth were p1:icetl hel‘ore eltraction. ‘ f ’ y h n n  & ‘f’ylrrirtn ( 1 9 6 0  1 
give v:ilues for  the periodontal area in the entire dentition and 
conip:tre this to the masticatory pre\sure. H o w  thew v:ilue\ were 
arrived a t  i int l  how mrny teeth were rneastiretl, i \  not stated. 

‘The work prcx\enled here is :in atlenipt to e\tal)lisli whether it 
i \  possi1)le with reson:ible cert:iinty to state :r\~er:ige v~ilues for  
the root suri:rcr area ot 1iuiii:in teeth and to  inve\tig:ile whether 
one can tleterinine the root surl:icr a rea  of ;I given tooth by 
s- ray 111 e t 110 d \ . 

h1 ATE13 I A I, 

For ine:tsureinent, 238 extracted teeth were used. Their di- 
stribution is I-ecorded in  ‘Table 11. E t c h  tooth had to fulfil the 
following conditions : 

The root should he fully developed and int:ict. 
The identity of the tooth should he unnmbiguous. 
The ceiiieiilo-en:iriiel junction should he int:ict :tnd deter- 
rnin:ible with certainty. 
‘The root should not devi:rte from the ”nurrn:il” with refe- 
rence to shape, and there should not he deinonslrable macro- 
scopic pntho1ogic:il changes ( fusion o f  roots, rnarkcd hyper- 
ceinentoses, etc.). 

h l  I i T I I O I )  

The meii s ii r erne n t s were ni:i de ti s i ng t he i n  e in bra n e tech n i CI ii e . 
The following procedure WIS adopted : 
1 ) The ceriiento-en:imel junction is niarlterl with :I sh;irp pencil. 

In doubtful c:ises this is c:irrietl out under a dissection micro- 
scope. 

2)  The root is  coated with a solution consisting of 1 0  g polyvinyl 
chloride (PVC) in 6 g dibutyl phthalnte, with 1.5 g echt rot“) 
addcd to iii;tlie the rnenibr:ine iniperviou\ to light (Fig. 1:1 
& 1)). 

3)  The tooth is p1:icetf in a thermostat :inti the rnenthr:me poly- 
merized for 30 rnins. :it 130” C .  A longer po1ynieriz:ition time 

:>) obtained from I .  ti. Farlien, Germany. 
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C 
Fig. 1. i t  :ind 1) S!lOW the tooth before and after painting with P.Y.C. wlution. 

c shows tlie peeled o f f  I’.Tr.C. membrane. 

than 30 mins. causes the film to become brittle, while a 
shorter time makes it too weak. 

1) The tooth is cooled slowly. The membrane, which has :I thick- 
ness of 100-200 p, is slit up along a line from the cemento- 
enamel junction to the apex, after which i t  is loosened :\nd 
peeled off. In the case of multi-rooted teeth the filni is re- 
moved in two or  three pieces according to the number of 
roots (Fig. l c ) .  

5 )  Sufficient cuts are made in tlie film to permit it to he placed 
without folds between two slides which :ire pressed closely 
together n7ith clips. 

6 )  In the darkroom, the rnem11r:tne is p1:iced on :t photogr;tphic 
film which is then exposed. After development, the film is 
placed in an enlarger set to exactly 5 x 1ine:ir enlargement. 

7 )  The enlarged image of the figure is projected onto drwwing- 
paper and the outline of the membrane drawn. 

8)  The area of the figure is measured with a planinieter (type 
AMSLEH) and the resultant value divided by 25 ( s q w r e  o f  
the linear enlargement). This gives the surface area of the 
root in sq. nini. All planimeter me:isurements a re  made twice. 
In the present study the difference between the two meastire- 
nients is less than 3 per thousand in all cases. 
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Fig. 2. Crown-root demarcation a s  applied in measurements. 

$1) I-kally, the X-ray p1iotogr:iph is taken.  ii’itli the help of 
:itlhesive tape the leeth are placed on :in S - r a y  film in such :i 
position that euposure :is nearly a s  possible correywnds  Lo 

a n  intr:ior:il, isometric, orl1ioi~idi:il e\po\ure with :I long 
cone. The  exposed filiu is enlarged :is hefore, the 5X linear 
iiiiiige tlrnwn i n  without that  of the  crown. T h e  junction he- 
tween the crown ant1 the  root i \  drawn as :I stmight  line be- 
tween the Iwo most apical point\ of‘ the en:unel sh:idow, 
mesi:illy : i n d  tlist;illy (Fig.  2 1.  The root-shntlow drawing thns 
produced is Iiie:isiiretl a s  describctl :il)ove. 
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The accuracy of the method 

To check the :muracy of the method, the procedure described 
ahore was used on a cylindrical test body with ;I known surface 
area. The discrepancy hetween the measured ant1 true vnlues 
was less than 1 %. Furthermore, in two cases, two and three 
rne:isurements respectively were m:de of the same tooth :ind the 
greatest deviation from the average n7as in both cases equal to 
or less than 1.2 % (T:ihle I ) .  

To check the :iccurucy of the X-ray method 10 S-r:iy photo- 
graphs were taken of the same tooth. Measurements showed the 
greatest devintion from the average to he 0.7 'lo. 

Possible sniall inaccuracies diie to smoothing of nonplnne parts 
of the P.Y.C. ineinhrane are undeterniin:tble and assumed to be 
negligible. 

test  body 
too th  no. 21 

,, ,, 103 

Table I. 

Hesii l ls  of the control mrtc.siirenients. 

238.048 237.2 235.6 
223.8 221.4 
212.4 L'l5.2 

I 1.0 % 1 
0.3 % 

217.3 I 1.2 % I 
RES C'LT S 

The :iver;ige :ires for ench group of teeth is given in Table 11, 
coluinn 1. As a n  expression ol' wrintion from the average, the 
standard deviation is stated in coliirnn 2. A conip:irison between 
the average ant1 the standard deviation shows that  the latter 
varies in proportion to the former. This is also apparent from 
the c:ilcul:ited relative s tanthrd deviations or coefficients of 
vnrintion in column 3, which vary at  r:inrloni :iround :I c:ilcul:ited 
value of just under 15 %.  This means that the relative variation 
is the same for all types of teeth, and that tleviations of up to  
30 % of the :ivernge values can be expected to occur quite fre- 
quently. 
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Table I1 

Hesrilts of ine(i.srireniCnf of root srlr f (rce ureiis. 

rype  of 
toot 11 

1 
;Ire rage 

a r e a  
sq.mni 

204 
179 
253 
234 
220 
433 
4 3 1 

154 
168 
268 
180 
207 
431 
126 

2:s )  

;t :1ndard 
e via t io 11 

31.4 
21.9 
1.3.9 
33.7 
39.0 
40.1) 
fi2.5 

26.5 
21 .3 
13.2 
27.2 
26.6 
,593 
69.i 

3 
zoeffici- 

ent of 
,ariation 

15.1 
13.9 
16.1 
14.1 
1 i.i 
9.4 

14.5 

17.2 
12.8 
15.7 
15.1 
12.9 
13.x 
16.4 

4 
no. of 

leasure- 
ments 

19 
23 
2 6 
20 
1 !) 
15 
1 0  

1 0  
10 
18 
94 
17 
15 
10 

5 
rela- 
tive 
sizes 

6 
I 
3 
4 
5 
1 
2 

7 
6 
3 

1 
1 
2 

) 

- 

139 
112 
204 
11!) 
110 
335 
272 

103 
121 
139 
130 
135 
3 .i 2 
282 

7 
Boyd 
1958) 

204.3 
177.3 
266.3 
21!).i 
216.7 
434.8 
i 1 6 .o 

162.2 
1 74.8 
272.2 
l96.!) 
204.3 
450.3 
399.7 

Y 11-1 

- 
where y is the area found hy mernhraiifs inensuremerit, y the group average 
a s  entered i n  column 1 ,  and 11 the numller of mca\urcmenl\ i n  the group. 

The application of X-ray photography 

If without direct ineasureiiient a iiiore accurate value th:in 
those in Table 11 ib: required for the root surface area o f  ;I given 
tooth, the X-ray melhorl may be used. To i1lustr:ile the relation- 
ship between X ~ r r y  area and :ictu:iI root surf:ice area, two of the 
regression esliniates mentioned below :ire recorded graphically 
in Fig. 3 .  I3y the rtiethod of least squares, culculation of the con- 
stants in the regression function y = :I + hs, where y denote5 
the calculated surface area and x the X-ray iiieusureinent, is 
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made for each group. These estimates are  presented in T:lble 111, 
where the st:intl:irtl deviation showing the variation about the 
empirical regression line is :ilso indicated. In the last column the 
95 % confidence interval is given for each group. 

Table 111. 

Direct  w c ( r  ~i i e ( i s i i r en ienf s  c.orreltrted with X-rtry nieccsirrements. 

Type of empirical 
tooth regression line 

y= 61+2 .3s  
= 53+2.5x 
= 7 4 + 3 . 0 ~  
= 70-+3.1x 
= 12+1.4.u 
= 16'5 -+ 3.2s 
= 123 +:MX 

standard 
deviation'>) 

10.1 
13.0 
17.9 
18.7 
16.4 
27.7 
32.8 

9.0 
7.0 

16.8 
9.9 

13.9 
21.7 
17.9 

95 % confidence 
interval 

y *  21 
k 27 
& 37 
& 39 
& 35 * 60 
& 76 

* 21 
- + 16 

3 6  
f 21 
& 30 * 53  * 11 

:$) calculated from the formula sY = 11 x ( y - y j z l  I1 - 2 

where j ;  denote5 the calculated root surface, y the observed \ I ~ I L I C  and 11 the 
number of measurements in the group. 

Exnmp1tJ.s: 

The root surface area of :I given c e n t r a 1 i n c i s o r in the 
upper jaw is to be found: An X-ray photograph has been taken 
:is described above and after plnnimetry it has heen found that  
x = 60. The root surface area is thus ji  = 61 + 2.3 - G O  = 199 
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Fig. 3. The graph illustrates the relationship I)t.twecn X-ray arca and actual 
root surfacr area. 

sq. mtn; 95 % confidence interval: 199 k 21 sq. niiii, i .e .  :in ac- 
curacy o f  : h i i t  -+ 10 %. 

T h e  root surf:ice of  :I s e c o n ( 1  113 :I n tl i h ti I :I r 111 o 1 n r:  
Observed X-ray value x = 114; the estimate is  thus 5; = 50 + 
3.9 114 = 445 sq. mm;  95 % conl'irlence interval: 44.5 * 11  q. 
nini, i.e. the :iccur:icy here is :&o about i 10 % . 

Meusurenienl of the root surI':ice are:i 01' 238 estrnctetl teeth 
shows that  the btilk of the v:ilues i n  e:ich group of teeth is scat- 
tered :irounrl the aver:ige with ;I +/- 30 % liiriit. h coinp:irison 
between the \i;ilues in T:lble 11, columns 1, ti & 7 ,  shows t1i:it 
Bogd's a n d  the present :iuthor's figures :ire 25-55 %, higher 
than those of ?'y lmrir ,  d? 7 'y lmc in .  It should be noted th:iL the 
latter expressly point out that their values can only he used as  ;t 

basis of compirison. By this is :ipp:irently 1iie:int that  the stated 
area me:isurernent is  not :in expression 0 1  [he t rue size of the 
root surf:ice area, :ind that the figiires will not be usable where 
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a n  exact knowledge of the root surface area of a given tooth or  
group of teeth is required. 

The values arrived a t  by Boyd (1958) are  almost identical with 
those presented here. The i*e:ison for the small differences may 
be that Boyd's groups are quite sniall - only 5 teeth of each type 
measured - so that a single extreme value will influence the 
average considerably. Boyd made his measurements with the aid 
of :I lead film, but there is no information as to how its area was 
arrived at. 

In Table 11, coluniri 5, the groups are  numbered according to 
the relative size of the average surface :iren. As one would ex- 
pect, the 1st molars in both upper ant1 lower jaws have the 
largest root surface areas, while the Intern1 incisor in the upper 
jaw and the central incisor in the lower jaw show the lowest 
values. The order found is identical with that  of Tylmnn A? 
'Z'ylmnn. It should he noted that 3rd molars are  not included in 
the investigation, partly hecause the r m g c  of values for the roo1 
surface area is extremely wide, so that a n  average figiire would 
have no significance, and partly because the morphological variu- 
tions are so numerous, that the X-ray method cannot be used. 

In investigations where root surf:ice areas are to be employed, 
it will frequently be unsatisfactory to employ the average values 
on :mount  of the wide range, but, :IS shown, the X-ray photo- 
graphic method described will reduce the uncertainty to :ibout 
one half to one third, dependent on the group and size of tooth. 

In determination of S-r:iy shadow area, plnnimetry is used in 
preference to the method described by Rrornn (1950) of counting 
the squares on graph paper. The latter method is considered to 
involve :I good (led of uncerhinty, :IS fractions of :I square have 
to he estimated along the whole outline of the figare. 

A method which does not require a p1:ininieter is described by 
Knutlscn (19%) who, in determining the area of brain ventricles, 
made use of the so-called weighing method, which can be directly 
applied to determine root surface areas. The 5 X enlarged draw- 
ing of the roo1 shadow is cut o u t  :rccur:itely and weighed on :I 

balance (sensitivity 0.1 nig). From the same sheet of card, pieces 
of known area are cut out and weighed, and the area of the 
figure culculated from this. 'To exclude errors stemming from 
different thickness of sheets, a new standard is calculated for 
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each sheet used. The  method takes soniewhat longer to use and 
is hardly :IS :iccurate as  direct area ~neasurenient with a plani- 
meter. 

Finally, it shoiiltl lie noted that in the present work the X-ray 
photogr:iphic method has not heen tested cliniciilly. In both 
periodontology and prosthetics there exists :I need for :I suitable 
method o f  inea~iiremenl of the root meni1)rane area of :I given 
tooth or group of teeth. It is assumed that the X-ray photo- 
graphic method here described, will be :ipplicable in clinical 
work i f  the isometric esposure requirements mentioned are ful- 
f i I1 e (1. 

CONCLITSIONS 

The present study demonstrates that :irea cleterrnination of 
root surfaces c m  be easily and accur:itely rn:tde with the aid of 
a polyvinyl membrane technique. 

In  planirnetry of PVC membranes from 238 teeth, it has been 
found that the hulk of the values in e:ich group of teeth is scat- 
teretl :iround the aver:ige with :I +/- 30 % limit. 

Investigations using :in X-ray photographic method tlevisetl 
for  the purpose have est:iblishetl th:tt determination of root siir- 
face are:is can he mirle with :I margin of error of about 10-1.5 %. 

A method ia described for n1e:isiireriient of the root surface 
area of h u m i n  teeth m d  average vnlues for a l l  the perni:rnenl 
teeth, escept the 3rd mol:ir, are given ('l'nble 11, column 1 ) .  These 
measurements show that the coefficient of variation is :ibout 
1.5 %, i.0. :I 30 % tlevi:ition from the average values will occur 
quite frequently. 

In addition, :I rnethod i\ descrilml by which, with the :iid o f  
:in X-ray photograph and nie:isurenient of this image, one is able 
Lo determine the root surface area of :I given loot11 with an  :IC- 

cur:icy o f  :ibout * 10-15 ch (Table 111). 
The X-ray photographic method has been developed on ex- 

tracted teeth and the results have not been checked clinically. 
I t  is :isstimetl, however, that the rnethotl can be applied in oirm. 
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It  BSl‘ a1 6: 
MESURE DE LA SURFACE DES RACLNES ET UNE MBTHODE RADIO- 

GRAPHJQUE POUR DETERMINER LES SURFACES DES RACINES 

Une mCthode pour mesurer les surfaces des racines tles dents 
humnines est tlCcriLe, et les vnleurs nioyennes sont indiqukes 
pour toutes les dents de la denture, I’exception pourtnnt des 
3Enies inolaires (tableau 2, colonne 1 ) .  Ces niesures niontrent 
yue le coefficient tle varintion est tl’environ 15 %, c’est-A-dire 
qu’un 6cart de 30 7% par rapport aux nioyennes se produire :me2 
souvent. 

De plus est tlCcrite une mCtliode permettunt tle tlktcrniiner, 
h l’aide d’iine radiographie et tle mestires faites stir celle-ci, la 
surface de la  racine tl’une dent tlonnke avec tine prkcision tl’en- 
viron +/- 10-15 % (t:iblenu 3 ) .  

La niCthode par radiographie a Ctk dCveloppCe stir des dents 
extraites, et Ies rCsultats n’ont pas CtP contr8lds :it1 point de w e  
clinique. 11 est 1i prt%umer, cependant, que la mkthode tlCcrite 
pourra stre appliquCe sur  des patients. 

zus.~imrl.:ivFtlss C ~ N G  

WURZELOBERFLACHENMESSUNG UND EINE METHODE ZUR BESTIM- 
MUNG DES WURZELOBERFLdCHENAREALS MITTELS 

R~NTGENAUFNAHMEN 

Es mird eine Methode ztir Messung tles \C’urzeloberflAclienge- 
bietes der iiienschlichen Zahne angegeben. Der Mittelwert aller 
ZLhne ausser deni 3. Molaren wird gezeigt (Tafel 11, Spalte 1 ) .  
Diese Messungen zeigen, dass der SchwnnkunSskoeffizient uiii 

15 % liegt, d. h. eine 30 %-ige Abweichung ~ 0 1 1 1  Durchschnitts- 
wert wird recht haufig vorkorii~iien. 

Als Zusatz wird eine Methode beschrieben, bei welcher mnn 
iiiittels Rijntgenaufnahiiien und Ausinessung derselben in  der 
Lage ist, tlas \~‘iirzeloberfl~chengebiet eines gegebenen Zahnes 
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mit  einer Genauigkeit von etwa +/- 10-15 % zti besliminen 

Die Kiintgenphotomethode wiirde an estrahierten Zghnen ent- 
wickelt, nnd die Ergebnisse wurden nicht lilinisch iiberpriift. Es 
w i r d  :her  vermutet, (lass tliese Methode ;in Putienten :ingewrnntll 
we r ( 1 en k:in n . 

m f e i  1111 .  
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