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INTRODUCTION 

Sirice Hulrs in 1727 published his investigation into the growth of the long 
bones, many special techniques for the microscopic investigation of hone 
growth have been developed. The classical method of vital staining was used 
by d u  Humel (1742), Hunter (1772) and Brasch (1934). Bone labelling with 
tetracyclines, which permits a quantitative analysis of the rate of growth, 
was introduced by Milch et al. (1957), and microradiography, which yields 
information on the degree of mineralization, by Clark (1947) and Arnprino 22 
Engstrijrn (1952). Attempts have also been made by means of conventional his- 
t ological techniques to evaluate osseoiis activity by ascertaining the amounts 
of osteoid, osteoblasts, osteoclasts, etc. (Reitan, 1951; Mcyer, 1956; Moss, 
1958; Lije, 1959; Frost, 1961). 

Since the nature of the information obtained differs according to the 
method employed, several methods can be combined to advantage. This 
has been demonstrated in particular for cortical bones (Kelly et al., 1965, 
Ozccn et al., 1955; Jowsey et nl., 1954). In histological studies of the growth 
of the facial skeleton individual workers have, however, mainly confined them- 
selves to one or a few of the existing techniques (Moss, 1954; Enlow, 1968). 

The aim of the present investigation has been to establish which combiiia- 
I ion out of five different histological techniques is most suitable for evaluating 
Received for publication, November 16, 1970. 
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the various kinds of growth found in the cranio-facial skeleton, i.e. sutural 
growth, periosteal growth and endochondral ossification. The methods 
employed comprised 3 different stainings of decalcified sections : haemato- 
xyline-osin (l), periodic acid-Schiff (2), Massorl's trichrome (3),  and 2 different 
techniques applied to undecalcified sections : microradiography (4), methy- 
lene blue staining (5). As a control fluorescence microscopy after tetracycline 
labelling (6) was utilized. 

It is well known that the histological picture of a bone surface may change 
from one histological section to the next, but it seems clear that while an 
individual is growing, one must find a histological picture which differs from 
that of a grown person. It is thus of interest to find what would be the 
most characteristic feature of a certain bone surface in different age groups. 

In order to obtain an objective evaluation, the results of the various corn- 
binations of methods were compared statistically in an  electronic computer. 
Since the primary object of this investigation was to evaluate methods and 
method combinations, the information on the growth of the facial skeleton 
incidentally ohtained was not subjected to further analysis. 

MATERIAL AND METHODS 

In  any investigation which utilizes many histological methods for description 
of the same area, it is necessary to employ animals which are large enough to 
supply the necessary amount of tissue for histological study. In  the present 
instance, rabbits were chosen, as even the youngest animals provide sufficient 
material for the necessary decalcified and undecalcified sections. To permit 
growth activity to be evaluated, the rabbits were grouped according to age 
based on periods of 3 weeks (Table I). The number of rabbits in each group 
was dependent on the size of the litter. 

The bone labelling to be used in the fluorescence microscopy (method 6) 
was effected in all cases by the injection of tetracycline. Two intraperitorieal 
injections were given. The first of these employed oxytetracycline (20 mg/kg), 
which gives a yellow fluorescence, and the second chlortetracycline, which 
gives a greenish fluorescence. 

In order to determine the optimal interval between injections of tetracycline 
a pilot investigation was necessary. Tlie interval had to be long enough to 
permit measurenient of the amount of new bone formed, but short enough 
to avoid appreciable remodelling during the observation period. 5 days proved 
to be appropriate at age 4-7 weeks, 10 days at age 2-4 months and 15 days 
in older rabbits. 

The animals were killed by intraperitoneal injection of Nembutal. Imme- 
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Table I. 
Distrrbution of animal material accordcng to age and duration of experrment 

-- -~ - 

Number Age in weeks Number of days Number of days 
between 1st and between second 
2nd injection injection and sacrifice 

~- _ . _ ~ _ _ _ _ _ ~  ~ ~- - 

9 3 
4 6 
7 12 
8 15 
6 21 
6 52 

5 
5 

10 
10 
10 
15 

diately afterwards, blocks of tissue were removed from the following areas : 
1. Sagittal suture. 2. Transverse palatine suture. 3. Internasal suture. 4. 
Spheno-occipital synchondrosis. 5. Anterior border of the foramen magnum. 
It was hereby possible to study 3 different types of sutures: serrate (l), lim- 
bous (2) and plane (3) ,  and 2 kinds of ossification: endochondral (4) and 
periosteal (5). 

The blocks were bisected in the mid-sagittal plane, one half being used for 
decalcified sections the other for undecalcified sections. The mid-sagittal 
sutures were bisected frontally. 

The blocks were fixed in concentrated methanol. Decalcification was effec- 
ted in EDTAC (Wurshawslcy & Moore, 1967) under X-ray control. When 
decalcification was complete, the block was double embedded according to 
the method described by  Kraus, Kitumura and Latham (1966). Serial sections 
12 p thick were cut on a Leitz sledge microtome. Every tenth section was in 
rotation stained with harmatoxylin-eosin, PAS and Masson’s trichrome 
(Kraus et al., 1966). 

The undecalcified half of each block was embrdded in methyl methacrylate 
as described by Jowsey et al. (1965) and sectioned to a thickness of 200 ,u 
on a milling machine, resulting in approximately 2 sections per mm of the 
block. The sections were then ground and polished between glass to a thick- 
ness of about 70 p. The plane-parallelity of the sections was checked by 
means of a micrometer screw. Contact microradiographic exposures were 
then made of each section using a Machlet X-ray tube AEG 50, with a film 
focus distance of 6.1 cm and an exposure of 20 mill. at 12 kV and 12 mA. 
Kodak Maximum Resolution Spectoscopic plates were employed and develo- 
ped for 5 rnin. in Kodak developer D-19b Sissons (1950). 
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The ground sections were examined for tetracycline labelling by fluores- 
cence microscopy and finally stained with metliylene blue at pH 4.8 with 
the object of demonstrating osteoid. 

Registration 

Analysis of histological findings has usually been based on verbal description 
of specimens. When numerous histological observations are to be compared 
and, as in this case, the results from several different methods evaluated, it 
is necessary to use a more precisely defined system of classification to permit 
a statistical processing of the observations. A special procedure of classifica- 
tion was therefore developed with a view to the subsequent coding of the 
observations for computer analysis. The ohserved features were recorded on 
the form shown in Table 11. 

Decalcified sections: I n  the liaematoxylin-eosin stained sections (method 
l), each bone surface was inspected for the following features : 

1. Osteoblasts : Polyhedral basopliilic active osteoblasts on  the bone surface. 
2. Osteoid : Visible osteoid seam. 
3. Woven bone : Acellular bone surfaces without organization of collagen 

fibres. 
4. Resorption: Resorption surface uTith osteoclasts. 
5. Resting line: Lamellar bone with resting line on the surface. 
6. N o  registration : Registration irnpossible. 

The numbers refer to the rows in the registration form (Table 11). The 
category ))No registration)) is employed when it is impossible to allocate the 
surface in question to any one of the five other gronps. 

The PAS stained sections (method 2) were classified in a similar manner 
arid recorded in rows 7-12 in Table 11. 

In  the Masson stained sections (method 3) ,  the hone surfaces were recorded 
as : 

13. Immature bone : Osteoitl or immature (green-stained) bone. 
14. Mature bone: (red-stained). 
15. No registration : Registration impossible. 

In  most sntnres the growth activity was the same on both surfaces, and 
therefore only one registration was carried out. In the transverse palatine 
suture, however, the activity in the two confronting surfaces was recorded 
separately, as it very often differed in the anterior arid the posterior surface. 
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1J1iclec:alcified sectioiis: I n  the rriicroratliogral)lis (rriethod 4) thc:  hone 5111'- 

faces w r c  classifietl a s :  

16. Growing surface : A slightly inineralized zone. 
17. Resting surface : A highly mineralized w e n  zone. 
18. Hesorption siirfxe : A highly rriirieralizetl iiiit'vcri zone. 
19. No registration : Registration i m p  

Tlie uiidcc:alcifietl t ions wcrc t licii exaiiiilirvl l)y fluorescence inic:rosc*opy 
(riictlio(1 6) ant1 tlie surfaces evaliiattxl acn)rtling to the iiutiiI)cr of fluorescent 
liries : 

23. 2 liries: Separate lines visil)lv. 
24. 1st line: First line visihlc. 
25. 211tl line: Se(wiid line visillle. 
26. No lines: N o  lines visihle. 
27. N o  rcgistratiori : Registration itiipossihle. 

Finally, the iiritlecalcifietl tioiis staiiie(1 %-it11 nirtliylcne I h e  (rrietlio(1 5) 
were iris[)ectetl for tlic prescncc of ail osteoicl zone: 

20. Osteoid seam. 
21. N o  osteoid seam 
22. No registration: Registratioii irii1)ossil)le. 

For cnch animal a se1)aratc- forni wi1s cxtnij)letrti for each of the h i e  siirfi1ccs 
esarninetl aiitl  for eacli met hotl, thus ensuring ;in iiril)insetl registration. As 
an esaniple of the inforriiatiori to  be found i r i  a colril)letecl form, Tahle 11 
shows that  from ariiiiial no. 7 >  12 tlecalcifietl sectioiis staine(1 with PAS were 
preparc'l of suture no. 5; 6 of these were re(wr(Ie(I as ex1iil)iting osteoblasts, 
3 as lwing covered hy osteoi(1, and 3 as coiisisting of \voveii Iwrie. These 
totals were enterm1 in the right-hand coluniii after registration of tlic 
indivitliial sertions liatl h e r 1  corn1)letecl. 

Corii I 1  g 

It WIS now clesiretl o i i  tlie Ibasis of the registration form Tahk  I1 to c o i i r i t  the 
number of hone surfaces the growth activit y of ~ l i i c l i  M ~ S  jiitlgect to he 
I he same. A corripiitcr program tlevelopetl earlier (Bjijrk, K w b s  J;. Solozi~, 
1964; Solorc, 1964; Solon: Lcs f l e lm ,  1968) for ta1)iilation of cotlctl Irialocclii- 
sion data prove(1 to 1)c suitahle f o r  the purpose, on acw)iirit. of it.s flrxi1)ilit y 
with respect to tabiilation. Code riiirnLers were defined as sliowii in Tahle 111 
and the tabular lay-out shown in Tahle V adopted. 
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~~~~ ~ 

~ ~~ ~~~ 

In practice, the coding was carried oiit in two phases. The first of these 
cornprisrtl a iraiisfer of general iriformatioii arid the results of tlic visual 
iiis1)ectioii 10 i)iiri(:lietl cartls. Tlir general iiiforrriation consisted of identifi- 
( d o n  niirnbcr, arid sex arid age expressed iri code rimnhers (1 -43) as 
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Method 1 I 0  
Mcthotl 2 11 
Mcthiid ;I 2 3 
Mcthoil 4 32 
Rlcthiitl 5 16 
Method 6 28 
Method 1, 2 a i d  3 1 0  
Method 4, 5 ant1 6 I6 
Method I ,  2, 3, 4 and 5 1 0  
all Mcthodi 10 

-~ ~ 

PCT l iav 1 1  o n  niirrilici of s i i r f x t ~ i  iccordi (1 

85.00 6.85 
27.50 7.06 
62.50 7.65 
1H).00 6.32 
40.00 7.75 
70.00 7.25 
25.00 6.85 
40.00 7.75 
25.00 6.85 
25.00 6.85 

I< ~ s r  I .'rs 

l h e  results from cadi of the regions irivestigatwl are shown ill 'Tables k 1-XI 
and Figs. 2-4. 111 the coliitnn on the extreme left in Tables \ ' l -Xl,  lionr 
snrfaces are divided into 3 activity grou1)s on tlir: 1)asis of their ~)retlo~riiriant 
character. Tlie met Iiocls rrriployetl are given iri c~oluiriii 2. I n  th- rirst column, 
the frequency of bone surfacses registered h y  each nietho(1 is given, trxllre 
both in absolute figures (i.e. numl)cr of lione snrfaces) antl as a percentage 
of all observations carried ont w i t h  the inethotl in (pestion. If the inetliods 
are tlivitletl into two groups ac:cortling to  whether they employ tlecalcifiecl 
(haeiriatoxyliri-eositi, PAS and Masson stained) or nntlecalcifirtl (micro- 
radiography, fluorescence rriicrosco1,y antl ~netliylenc blue stained) sections, 
information is gained as to h o \ v  rriany siirfiicrs were registered as belonging 
to the same activity group in d l  decalcified and nntlccalcifietl sections re- 
sl)ectiv-ely (coliunn 4). 111 column 5, all rnethotls exe l ) t  fluorescelice niicros- 
copy are comhiiictl. The reason for this tlivision is that all mctliods except 
vital labelling can he al)I)lietl t o  liiir~iaii tissue post niorteiri. In a largc miiiher 
of cases tlierr was il tliscrcpancy in the results, as seeii in tlic tleclirie in the 
1iiirn1)rr of h i c  siirfaces in each groiil) as o n v  iiioves to  the right in  the 
tal~les. Tlie last coliunn gives tlie riuinl)er of surfaces sirriildy evahiatctl Iiy 
all irietliotls. 

As apparent from Tul)le 1'1 t h e  was an  essential difference in tlit: frc- 
cpiericir~s within ciicli activity group accortling to  wliicli staining t ecliniquc: 

r 7  
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1 1  
25 
.32 
I 0 
2jj 

21 
1 I{ 
2 .i 
3 2 
40 
28 

45.0 
2 7 5  10 25.0 
62.5 
110.0 
40.0 If1 40.0 
70.0 

10 25.0  
1 0  25.0 

28 70.0 

52.5 
45.0 18 45.0 
6 2 5  
H0.O 

70.0 
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2 2 5  
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PAS. Likewise, in the groiii) ~)f:rtaitiirig to 1,one siirfaces cotisistirig of yoiirig 
h i e ,  a larger 1itirnl)er was foilrid when iiritlecalcifietl sections wcrc crriployecl. 
1 his is not least due to t l i c  fact that it was  riot 1)ossil)lc by rtiearis of micro- 
ratliography ant1 fluorcscciicx; niic*rosc*oliy to  rate the groiil)s with growing 
siirfaces from t Iiosc c:onsistiiig of newly formetl lrorie, for wliicli reasoil the 
sLli11e surfaces feature, according to  111r: tlefinitioti of t a l d a r  criteria (Tnlrlc I\' 
and Fig. l ) ,  i n  1)otli groiiijs. With rnetliyleiie 1)lue staiiiiiig it was riot p o d > l c  
to tliffereritiate the sertions in activity group 2. Therefore stirfaces both w i t h  
and witlioiit ostcoicl scanis were iii(*lti(led. 111 t l i t  group with resting stirfarei , 

r >  





’rdllt~ x. 
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showing PAS 21 52..i 2 I 52.S 
growth hlasson 25 62.,i 

1\2icroratli(iC.r~i~itI~- 32 110.0 
Mrthylmc I ) l w  25 h2.5 221 70.0 
Tt*tracy(:l i n c  28 70.0 

surfaccs con- H & E: 10 25.0 
sisting of new- PAS 13 32.5 10 25.0 
honr Masson 2,i 0 2 . j  

RZicroratliograpliy 32 80.0 
Mcthylrne hliie 40 100.0 28 70.0 

28 70.0 

11 2 0 . 0  

niatiirt~ I)one Masson 1.5 37.5 
sisting of PAS 0 15.0 0 15.0 

Microradi(i~ra[itly 11 20.0 
Methylene hlue 15 37.5 11 20.0 
Trtra(’yclinc6 0 22.5 

N. 

21 

211 

11 

28 

I1 

0 

52.5 
P I  32.3  

70.0 

20.0 
8 20.0 

70.0 

20.0 
8 20.0 

22.5 

the  ttistrihutioii was rcversccl, siiicc inore ca 
~-1ieii conventional nicthotls wcre utilizetl. 

In Tahle X, wliich records 1)eriosteal ossificatioii, similar circumstances 
ii to  aI) l ) ly ,  whereas no systematic: (tiffererice hetween 11ic various rrieth- 

ocls was see~i  in the  evaluation of f.iicloc.lioiiclra1 ossification (Table Xi, Fig. 4). 

Fig. 4. $11 hr~no-o(.(:iliital S J  nctiiin~lrosis. 

A. I)iagrarn indicating the tliffcrmt mnvs i n  thc vntlochon(lra1 ossific~ition. 

a .  cartilagr. 
I ) .  columnar rartilagc 
r:. fihrohyalinc tissuc 
d. primary ossification 
e. secondary ossification 

11. Mcthoti 1 HacrnatoxyIiri-c.(,sin 
c. )) 2 PAS 
1). ,> 3 Vasson 
E. 1) 4 Mic.roratliopraph! 
1.’. 1) 3 Mrthylenr I)lui. 
C. 1) 6 ‘I’rtmryi-linr 

All thr mrthods crnployrtl give. a cltwr p i c t i i r c  of vntlochonclral osbificatioii. 





w. I'C'I 

15 ,373  
15 37.5 
21 58.5 
81 32.5 
17 4 2 5  
I0 47.5 

8 20.0 
7 17.5 

21 5 2 5  
21 12.5 
40 100.0 
10 47.5 

17 42.3 
I8 4.i.O 
1 0  47.3 
I 0  47.5 
23 37.3 
19 47.3 

N. 

I .i 

17 

7 

I 0  

18 

1 0 

I'CT. 

;17.5 

42. ,i 

17..i 

47.5 

45.0 

4 7 3  

IJC'I'. 

37.5 

475 

17.5 

47.5 

45.0 

47.5 

PCT. 

3 7 5  

10.0 

45.0 



tinuous even in rapitlly groc\irlg iiitlivitliials, forriling an espliiiiation for the 
linii~ecl n u i r i l w  of surfaces showing growth foiind in ihe tlecnlcifie.tl sections 
of even young ariirnals. 

Pvlicrorailiogra1)hic: diff~~rentiatiori 1)etweeii growing aritl resting surfaces 
in h i e  is hasetl on tlie clegree of ralcification of tlie hone surface. It has 
1 ~ e n  cletnotistruietl earlier (An~prino & h’rigstrijnr, 1952; Erigstrijrri c’t ( I , / . ,  1955) 
that ahout 70 %, of ilie calcificaiion occurs vcry rapitlly (in the cotirsc of a 
few (lays), while the calrificatiori of the remaining 20-30 ”/; oc:c:ul)ies a 
1)eriod of several nionths. Sirice h i e  surfaces wliicli arc in the last stages 
of inineralizatiori are registered in inicroratliogru1,hy as growing surfaces, 
the niirnbcr of such stirfaces rcgisteretl with this ~riethotl will he consideraI)ly 
largcr than with tlie eniploynieiit of conventional techniqiies. The slightly 
4cifiecl surfaces iiritlergoing growili were i n  all cases registered a s  growing 
siirfaces, also with tetracycline 1al)ellinp. The fact that there was iieverilieless 
a grraler iiiciclence of growing surfaces with rriicroracliograyliy than with 

rice is tliie to the ability of the latter rnethod t o  elirrii~iate 
obliquely vi i i  resting siirfa(.es, which were wrongly registeretl in inicroraclio- 
grapliy as growing siirfaces. 

*tioris, more osteoi(l surfaces were found with inethylene 
decalcifiecl sections. ‘Ihe explanation for this niay h a  

fourid in the fact that o oitl was staine(1 to great contrast with this techni- 

was of tlecisivc irriportaiice in the evaluation of ii hone surface whetlier it M;LS 

rrtl or green. Only rnatiire I)one, i.v. acido~)liilic, highly calcified bone, ~ i i s  

stained red (Rc:lnuger rt al., 1963), d ie reas  the green-Ftained stirfaces re- 
presented hoth osteoid arid young hone, which were t h i s  registered in hotli 
group 1 arid group 2 (Figs. 2 - 3 ) .  

Group 2, which was tlefined as bone surfaces consisting of young, inirriai lire 
bone, was characterized in the case of haematoiyliri-eosin arid PAS staiiie(1 
seciioni; hy 11ie presence of ~ ~ o v e i i  l)one, d i i c h  boih in its striicture ant1 affi- 
nity to staining differs from iliatiire lamellar hone. It is, however, also po+ 
s i l k  to  allocate hone snrfaces wliich liav-e heen passive for a long periotl t o  
this groiii), especially in relation to thc cranial sutures (I’ritchard (,t ul., 19S6), 
ant1 it is tlifficiilt with this trcliniqiie to  differentiate I)etwr.en these arid 
bone surfaces which have reccntly heeri unrlcrgoing growt 11. hi this c‘asc too, 
1)otli niicrorac1iogral)Iiy arid bone lalwlling are of grcat valiie, since irriiiiatiire 
hone can he identified. 

I n  group 3 with resting surfaces, tlie tlisr:repancics Ix tweer i  ilie evduations 
b y  tliffereiit metho(ls were consit1eral)ly less than in the two 1)revioiis groii1)s. 
111 rriicroradiogral’hy, however, iis has heeii riiantionetl, fewer resting siirfwes 

more easily dernonstratetl. With M 
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Table XII. 

KesultP of growth de~ermanution according to the method used 
~ ~ _ _ _ _ _  __ ~~~ ~~ 

Growth No growth Indeterminate Total 

no. pct. no. pct. no. pct. no. pct. 

- ~~ - _ _ _ _ _ _ _  

~~ ~ ~~~ ~ ~ ~ ~~ ~- ~ 

Tetracycline 103 64.4%, 45 28.1% 12 7.5% 160 100% 

Combination of haeniato- 
xylin-eosin, 96 60.0% - 22 13.8% 160 100% 
Maqqon and microradio- 

~ ~ - ~- ~ ~~ 

~~- 
w p h y  
-~ ~ 

Microradiography - 42 26.2% 
- ~ _ _ _ _  ~ 

Difference -7 4.4% -3 1.9% +10 6.3% 
~ ..__ ____ 

only been inactive for a short period were registered. Conversely, the number 
of bone surfaces identified by microradiography was reduced by the number 
of obliquely sectioned surfaces registered in group 2. 

To slim up, the most effective differentiation between growing and resting 
hone surfaces was ohtainecl by a cornhination of conventional methods arid 
microratliography. The combination Iiaeniatoxylin-eosin, Masson and micro- 
radiography was employed to identify growing surfaces, whereas microradio- 
graphy sufficed for the identification of resting surfaces. A survey of the 
results obtained for the sutural growing surfaces is given in Table XII. 

Acknowledgement. The author wishes to express grateful appreciation to Professor Arne 
Bjork and Associate Professor Deni Solow for guidance and interest in this work. This study 
has been supported in part by grants from the Danish Science Advisory Council, ))Fonden ti1 
fremme af praktisk og videnskabelig odontologiu and The Kask Orsted Foundation. 

SUM MARY 

With an improved histological evaluation of growth activity of the bones of 
the face and the base of the skull in view, 6 different histological methods 
were compared. The material rompriseed 40 rabbits injected with bone-label- 
ling tetracyrline. After the animals had been killed, blocks of bone were 
removed to represent various kinds of sutural growth, appositional growth 
and endochondral ossification. 

Paraffin sections of decalcified material stained with haematoxylin-eosin, 
PAS and Masson's trichrome stain were examined. Corresponding undecalci- 
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fietl sections were stained with inethylene blue antl examined 11y microradio- 
graphy. These sections were also exainined hy fluorescence microscopy for 
tetracycline labelling. 

On the basis of the evaluation with each rnetliocl according to I)retleterrninetl 
criteria, the information on the lmne snrfaces registered ant1 processed. 
Data processing was carried out in  3 I’liases, first a sorting and counting of 
Imnc snrfaces in different phases of activity, next a conversion of this infor- 
mation to cotle nninbers, ancl finally ii pro( ing and writing out of these 
in tahilar form. 

Evaluation of the growth activity of a hone snrface witli a n y  single rnethotl 
proved inadequate, whereas it was found that hy coinbining methods, in 
particular by utilizing both decalcified antl nntlecalcifietl sections, one coiild 
obtain an evaluation which %-as in close agreement with the direct evaliiatiori 
of growth hy means of tetracycline labelling for fluorescence microscopy. 

‘The most effective method for identification of growth proved to 1)e a 
coinhination of conventional histological technique and rriir.roratliogra1,hy. 
In the itlentification of resting surfaces microradiography alone was sufficient. 

H C S U M B  

COMPARAISON ti L’OHDINATEUH DES MCTIIODES HISTO1,OGIQUES DESTINCES h 
L’~VAI .UATION DE LA CKOISSANCE C R ~ N I O - F A C I A L E .  

Daris le but tl’obtenir une rneilleure evaluation histologiqne tle l’activitk rle la 
croissance des os tle la face et tie la hase tlu crane, 6 mktkiodes histologiqnes 
tliffkrentes ont 6tC cornparkes. Le materiel cornprenait 40 lapins ayant real  
cles injections tle tCtracycline pour le marquage d u  tissii ossenx. Rpri-s (pie 
leu animanx aient Ptk sacrifiks, tles blocs tle tissii o LIX (levant reprksenter 
tlifferentes sortes tle croissance snturale, de croissancc par apposition et 
tl’ossification entlochontlrale ont 6t4 prClev4s. 

Des coupes en p a d f i n e  de niatCrie1 tlPcalcifi4 color4 par hkmatoxyline- 
Cosine, PAS et trichromiqne de Masson orit 6te examinees. Des coupes non 
dCcalcifiCes correspondantes ont Ct6 colorkes an blen de m6thylhnc et exami- 
nkes par rriicroradiographie. Le marqiiage tle ces coupes ii la t Ctracycline a 
aussi CtC examink par microfluorosco1)ie. 

Sur la hase tle l’evaluation o h e n n e  suivant des crithres d6terrnini.s ii 
l’avunce avec chacnne de ces mCthodes, les informations siir les surfaces 
osseus ont Pt6 enregistrkes et trait6es. Le trait rrrient tles informations a k t 4  
effectuk en 3 phases, d’abord un triage et iin cornptage tles siirfaces ossen 
dans leurs diffkrentes phases d’activit4, ensuite une conversion de ces in- 
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forniations en nonibres codes, et eiifin Ie traitement et 1’Ccriture de ceux-ci 
sous forme de tables. 

L’6valuation tle l’activitk tle la croissance tl’une surface osseuse au rnoyen 
cl’uiie seule rribthotle s’est rCvbleC inad6quate; par contre, en combinant plu- 
sieurs mbthodes, et particuliPrement en utilisarit conjointement cles coupes 
tl6calcifiCes et tles coupes non tlCcalcifibes, on pouvait obteriir une 6valuation 
concordarit bien avec l’bvaluat ion clirecte cle la croissance par microfluoro- 
scopie a p r k  rriarquage h la tetracycline. 

La m6thocte la plus efficace pour l’ic-lentification de la croissance s’est 
rCvCle6 &tre la combinaison d’une technique liistologique classique et de la 
microradiographie. Pour I’identification des surfaces inactives, la micro- 
radiographie Ctait suffisante h e lk  seule. 

ZUSAMMENFASSCNG 

HISTO-HADIOLOGISCHE UNTERSUCHUNG DES SUTUKEI.LEN 

WACIISTUMSMECHANISMUS 

Zweclts einer verbesserten histologischeri Einschiitzung von der Wachstums- 
aktivitiit in den Knochen tles Gesichtsskelettes urid tler basis cranii wurden 
zuiri Vergleicli 6 versehiedene Methoden herangezogen. Das Material bestand 
ails 40 Kaninchen, (lie mit Riicksicht auf die Knochenkerinaeichn~in~ mit 
Tetrazyklin injiziert worden waren. Nach dem Abtiiten wurden Knochen- 
l~liiclte herausgenornmen zur Erhellung von verschiedenen Formeri suturellen 
Wachst ums sowie appositionellen Wachstnms und enchondraler 0ssifikat.ion. 

Es wurden Pariffinschnitte von entltalktem und mit Hiirnatoxylin-Eosin, 
PAS und Massons Triclirom-Metliocle gefiirbtem Material untersucht. 
Entsprechende unentkalkte Schleifschriitte wurden mit Methylenblau 
gefiirbt und mikroradiographisc~i sowie - mit Riicksicht auf die Tetrazyklin- 
keririzeichnung - fluoreszenzmiltroskopisch untersucht. 

Auf Grund einer Beurteilung nach jeder einzelnen Methode riach im voraus 
festgelegten Kriterien wurtlen die Informationen iiber die Knochenflichen 
gebucht urid tlatenverarbeitet. Die Uatenverarbeitung wurde in 3 Stuferi 
vorgenommen, zuniichst eine Sortierung und Aufzihlung von Kriochenfliichen 
in verschiedenen Aktivitiitsphasen, danach eine Konvertierung der Informa- 
tionen zu Kodenummern, und schliesslich eine Verarbeitung und Ausschrei- 
hung derselhen in einer naher spezifizierten Tahellenform. 

Es ergab sich, dass eine Ileurteilung von tler Waclistumsaktivitiit einer 
Ihochenfliche mit je einer der erwiihnten Methoden mangelhaft war, dass 
sich aber durch eine Komhination der Methoden, besonders bei gleichzeitiger 
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hnwentlung entkalkter untl urieritltnlliter Sclinittc, eirie Einscli~itziing er- 
zieleri liess, die eine treffende Uhereinstininiung niit der unmittelbaren 
Wachstumsbeurteilung rriittels der Tetrazykliri-Fluoreszen~ 0)Knochenkenn- 
zeichninigo) erwies. 

Arri effelctivsteii ziir Feststellung eiries Waclis1,uins war (lie I<omhiriation 
voii konventiorieller liistologisclien Trchnik untl R.likroradiograirhie, wiitirend 
die Miliroratliogral,liie allrin lwi tler Ikstirnrnurig tlcr Ruhefllchen niass- 
pebend war. 

Die angewamlten nletliodenkorri1)inationrii sintl ills wohlgeeignet Z I I  

betrachten ziir Beurtciliing von tler norrnaleii WaclistumsalitivitHt der Scliii- 
rlelknochen h i  laufeiitier IJritersuchung Iiumanen Obdulctionsmaterials. 
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