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ABSTRACT

Den tal growth li nes are of ten coun ted for age de ter mi na ti on in fe ral ani mals that are li ving in the wild

and are sub ject to se a so nal va ri a ti ons. To as sess whe ther or not this tech ni que could also be used in do mes tic

ani mals, the ce men tum growth li nes of the ca ni ne and se cond pre mo lar teeth were de ter mi ned in 4 red foxes

(Vul pes vul pes) li ving in the na tu ral ha bi tat of Flan ders, and in 7 do mes tic dogs (Ca nis fa mi li a ris) that were

kept in hou sing con di ti ons. Da tes of birth of all ani mals were re gis te red. In the foxes a good cor re la ti on was

found be tween the age of the ani mals and the num ber of ce men tum growth li nes. In con trast, in do mes tic

dogs the num ber of ce men tum li nes was va ri a ble and could hard ly be de ter mi ned be cau se the dif fe ren ce be -

tween pri ma ry and se con da ry li nes was of ten un cert ain. It was con clu ded that the count of ce men tum

growth li nes can not be used for age as ses sment of dogs that are li ving in do mes tic con di ti ons de void of

se a sonal va ri a ti ons in food ac ces si bi li ty and we at her con di ti ons. 

SAMENVATTING

Het aan tal groei lij nen ter hoog te van de tan den wordt vaak ge teld voor leef tijds be pa ling bij dier soor ten die in

het wild le ven en on der he vig zijn aan sei zoen va ri a ties. Om na te gaan of deze tech niek al dan niet bruik baar is bij

ge do mes ti ceer de die ren die in be schut te om stan dig he den wor den ge huis vest, wer den de ce ment lij nen van de

haak tan den en van de twee de pre mo la ren ge teld bij vier vos sen (Vul pes vul pes) af kom stig uit Vlaan de ren en ver ge -

le ken met deze van ze ven ge do mes ti ceer de hon den. Van alle die ren was de ge boor te da tum ge kend. Bij de vos sen

was er een goe de cor re la tie tus sen de leef tijd en het aan tal groei lij nen in de ce ment laag. Bij de hon den daar en te gen

was het aan tal groei lij nen veel meer va ri a bel en bo ven dien moei lijk te be pa len we gens het ge ringe ver schil tus sen

pri mai re en se cun dai re lij nen. Er werd be slo ten dat de tel ling van het aan tal groei lij nen in het ce ment geen bruik ba -

re tech niek is om de leef tijd te be pa len van hon den die ge hou den wor den in een be schut mi lieu zon der sei zoen va ri -

a tie in voed sel be schik baar heid en weer som stan dig he den.

INTRODUCTION

Age es ti ma ti on ba sed on den tal erup ti on and mor-

pho lo gy is con si de red to be an ac cu ra te me thod for age

de ter mi na ti on and is the re fo re of ten used in wild li fe

po pu la ti on stu dies of dif fe rent mam ma li an spe cies,

in clu ding the red fox (Vul pes vul pes). Age-de pen dent

den tal fe a tu res in clu de the num ber of ce men tum and

den ti ne lay ers. With in cre a sing age den ti ne is de po si -

ted wit hin the den tal ca vi ty, which is gra du al ly fil led

up, thus ma king age de ter mi na ti on very dif fi cult. In

con trast, ce men tum is de po si ted in pe rip he ral lay ers

around the den tal root. This pro cess is con ti nu ous

throug hout life, as ce men tum de po si ti on is not ham -

pe red by spa ce li mi ta ti ons (Mor ris, 1972).

The de po si ti on of ce men tum starts with the in vo lu -

ti on of the ena mel or gan short ly be fo re erup ti on of the

tooth and it oc curs in dif fe rent pha ses, which re sults

in a lay e red as pect on his to lo gi cal sec ti ons of the den -
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tal root. The se sub se quent lay ers or in cre men tal li nes

re pre sent pe ri ods of dif fe rent ce men to blast ac ti vi ty.

This va ri a ble ac ti vi ty re sults in a pha sic de po si ti on of

the ce men tum with an al te red pro duc ti on of the or ga -

nic ma trix and sub se quent mi ne ra li za ti on, which can

be de tec ted on both ground sec ti ons and de mi ne ra li -

zed sec ti ons (Ten Cate, 1998). 

In ageing ani mals the den tal roots are sur roun ded

by a re pe ti ti ve for ma ti on of a broad cen tral lay er and a

nar row pe rip he ral lay er of ce men tum. The two lay ers

dif fer in op ti cal den si ty and stai ning cha rac te ris tics:

the nar row lay er has a more in ten se co lor and can be

seen as a dark line on his to lo gi cal sec ti ons (Ser ge ant,

1967). The se dark growth li nes are used for age de ter -

mi na ti on. A dis tinc ti on is made be tween pri ma ry, se -

con da ry and re sorp ti on ce men tum li nes. Pri ma ry ce -

men tum li nes are very dis tinct and ap pe ar in a re gu lar

se quen ce due to se a so nal va ri a ti ons such as en vi ron -

men tal tem pe ra tu re and food ac ces si bi li ty (Grue and

Jen sen, 1979) or en do ge nous en do cri ne fac tors (Kolb,

1978). The se li nes can be con si de red as growth li nes

and are coun ted for age de ter mi na ti on. In con trast, se -

con da ry li nes are less dis tinct and ap pe ar in a more

ran dom or der. They are thought to be cau sed by mi -

nor, short-term chang es in the cour se of ani mal life

(Mor ris, 1972). Fi nal ly, re sorp ti on li nes are the re sult

of den tal re pa ra ti on mecha nisms. They have a very ir -

re gu lar ap pe a ran ce and are most ly con fi ned to the api -

cal side of the den tal root (Grue and Jen sen, 1979).

The time of ap pe a ran ce of the first ce men tum line

is a spe cies-spe ci fic phe no me non. Know led ge of the

age of an ani mal at the time of erup ti on of the per ma -

nent teeth and of the se a son in which the growth li nes

are for med is im por tant for a cor rect age as ses sment,

as both pa ra me ters are spe cies-spe ci fic. Red foxes

have a fixed bree ding se a son, and most cubs are born

in March and April.  In this spe cies the dark growth

line is for med du ring spring and sum mer (Artois,

1989; Kolb, 1978; Grue and Jen sen, 1979). The ena -

mel or gans of the per ma nent teeth in vo lu te du ring the

sum mer and erup ti on of the per ma nent den ti ti on ta kes 

pla ce be tween the 11th and 25th week of age (Artois,

1989), i.e. du ring (late) sum mer. The first ce men tum

line ap pe ars be tween the first and se cond au tumn of

life (Jen sen and Niel sen, 1968), i.e. be tween the age

of 6 and 18 months. Con se quent ly, a red fox with teeth 

dis play ing a sing le growth line is con si de red to be 1

year old, with a va ri a ti on of 6 months. Each sub se -

quent year an ad di ti o nal growth line is for med (Jen -

sen and Niel sen, 1968; Grue and Jen sen, 1979, Artois, 

1989). 

Data about ce men tum de po si ti on in do mes tic dogs

is rat her scar ce. Only Grue and Jen sen (1979) and De -

hey der (2003) have done some re search on this phe -

no me non. In or der to ob tain more in for ma ti on about

ce men tum for ma ti on in dogs, the chro no lo gy and va ri a -

bili ty of ce men tum de po si ti on was stu died in a num -

ber of do mes tic dogs and com pa red with data of fe ral

red foxes that li ved in the same area.  By re la ting the

num ber of ce men tum li nes with the re gis te red age of

all the ani mals, the pos si ble use of ce men tum li nes for

age de ter mi na ti on in dogs was as ses sed. 

MATERIAL AND METHODS

In the pre sent in ves ti ga ti on den tal ce men tum de -

po si ti on was stu died his to lo gi cal ly in 4 red foxes and

7 do mes tic dogs, all of known age. The 4 foxes were

cap tu red and tag ged as cubs of about 1 to 1.5 months

of age, af ter which they were re le a sed in their na tu ral

ha bi tat in Flan ders and col lec ted at de ath at the ages of 

8, 22, 23 and 37 months, res pec ti ve ly. The skin ned

skulls of the se ani mals were ma ce ra ted by bac te ri al

de com po si ti on in a put re fac ti on tank at 70° C for four

days. The teeth were ea si ly re mo ved from the al ve o lar 

soc kets. The 7 dogs of re gis te red age and breed were

eu than azed for va ri ous re a sons at the Ghent Uni ver si ty

Fa cul ty of Ve te ri na ry Me di ci ne. In or der to pre vent

the ce men tum from being da ma ged, the teeth were re -

mo ved from the ca ni ne skulls along with their sur -

roun ding al ve o lar soc kets. In ana lo gy with ot her stu -

dies (Mor ris, 1972; Fan cy, 1980), the ca ni ne and

se cond pre mo lar teeth of each ani mal were exa mi ned

for the pre sen ce of ce men tum lay ers. After fixa ti on of

the sam ples in a 3.5% for mal de hy de so lu ti on, the

teeth were de cal ci fied in a 14% HCl so lu ti on and sub -

se quent ly cleft by me ans of a scal pel, eit her in trans -

ver sal (maxil la ry teeth) or in long itu di nal di rec ti on

(man di bu lar teeth). All sam ples were rou ti ne ly pro -

ces sed for his to lo gi cal stu dy by em bed ding in pa raf -

fin. Den tal sec ti ons of 8 µm thick were stai ned with

cre syl vi o let, he ma toxy lin-eo sin (or thochro ma tic) and

to lui di ne blue (me tachro ma tic) (Tho mas, 1977).

RESULTS

Ce men tum growth li nes were ob ser ved in all the

ca ni ne and pre mo lar teeth of all foxes and dogs (Ta ble

1). In ge ne ral, the ce men tum li nes were more clear ly

iden ti fied in the long itu di nal sec ti ons than in the

trans ver se sec ti ons made near the den tal neck, be cau se

de po si ti on of the ce men tum was most ma ni fest and

thic kest around the den tal root apex (Figs. 1 and 2).
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Con se quent ly, a ce men tum lay er was not al ways vi si -

ble on all trans ver se sec ti ons of the den tal root (Fig.

3a), des pi te the pre sen ce of such a lay er in the api cal

root area of the same tooth (Fig. 3b). In the red foxes a

good cor re la ti on be tween age and num ber of growth

li nes was ob ser ved (Ta ble 1). Ho we ver, the for ma ti on

of a new ce men tum lay er did not start si mul ta ne ous ly

in all teeth. In one fox, a new ly for med lay er was vi si -

ble at the se cond pre mo lar (Fig. 4a), whi le it was still

ab sent at the ca ni ne tooth (Fig. 4b).  In the do mes tic

dogs it was more dif fi cult to in ter pret the re sults of the

growth line count, be cau se of the pre sen ce of mul tiple 

se con da ry li nes and the morp ho lo gi cal si mi la ri ty be -

tween the se con da ry and the pri ma ry li nes (Figs. 5a

and 5b). The re fo re a cor rect age as ses sment was of ten

im pos si ble, as evi den ced by the data li sted in Ta ble 1

(see also Figs. 6a and 6b). 

DISCUSSION

The pos si bi li ty of de ter mi ning the age of a mam -

mal on the ba sis of the his to lo gi cal struc tu re of its

teeth has been used for many ye ars in wild li fe re -

search and ar chae o lo gy. Annu al in cre men tal li nes in

tooth ce men tum have been found in al most eve ry

group of mam mals, both ter res tri al and ma ri ne.

Appo si ti o nal growth re sul ting in the de ve lop ment of

in cre men tal li nes is found in ce men tum, den ti ne and

ena mel, as well as in bo nes (Grue and Jen sen, 1973;

Ten Cate, 1998). Ho we ver, den ti ne shows mul tiple

ac ces so ry groups of li nes, which make in ter pre ta ti on

dif fi cult, and in cre men tal li nes in bo nes are not very

sta ble be cau se of the con ti nu ous re mo de ling of bone

tis sue. The re fo re in cre men tal li nes in tooth ce men -

tum are nor mal ly pre fer red for age de ter mi na ti on

when they are pre sent and available.

The pre sent stu dy con firms that the me thod of age

de ter mi na ti on in vol ving the coun ting of ce men tum

growth li nes is ef fec ti ve for fe ral red foxes, as pre vi -

ous ly des cri bed by Jen sen and Niel sen (1968) and

Grue and Jen sen (1973 & 1979). In con trast, this tech -

ni que is less re li a ble in the do mes tic dog be cau se of

the pre sen ce and fre quen cy of se con da ry ce men tum

li nes, which are very va ri a ble and of ten hard ly dis -

ting uis ha ble from the pri ma ry growth li nes. Fur ther -

mo re, the on set of growth line for ma ti on in dogs has

not been de ter mi ned pre ci se ly. The re fo re a blind stu -

dy to as sess a dog’s age is li ke ly to give un cert ain or

in cor rect re sults. This le ads to the con clu si on that age

de ter mi na ti on in do mes tic dogs by me ans of ce men -

tum growth line count is not a re li a ble me thod for ob -

tai ning cor rect in for ma ti on. 

The dif fe ren ce in ce men tum morp ho lo gy be tween

fe ral foxes and do mes tic dogs might be due to do mesti -

ca ti on. This pro cess di mi nis hes se a so nal va ri a ti ons in 

food ac ces si bi li ty and en vi ron men tal con di ti ons, re sul -
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Ta ble 1. Re sults of the ce men tum growth line count in 4 red foxes and 7 do mes tic dogs.

Spe cies Breed Age (months) Num ber of ce men tum growth li nes + rem arks

Fox 1 8 1 ce men tum lay er on all ca ni ne and pre mo lar teeth, but no

dark growth line vi si ble

Fox 2 22 1 growth line on the ca ni nes, 2 on the pre mo lar teeth

Fox 3 23 1 growth line on the ca ni nes, 2 on the pre mo lar teeth

Fox 4 37 2 growth li nes on the ca ni nes, 3 on the pre mo lar teeth

Dog 1 Coc ker Spa niel 24 Re sults va ried be tween 0 and 2 growth li nes

Dog 2 Rot twei ler 72 Re sults va ried be tween 0 and 7 growth li nes

Dog 3 Hus ky 8 1 ce men tum lay er on all ca ni ne and pre mo lar teeth, but no

dark growth line vi si ble

Dog 4 Ger man Bra que 84 Re sults va ried be tween 3 and 10 growth li nes

Dog 5 La bra dor 72 Re sults va ried be tween 2 and 6 growth li nes

Dog 6 Ber ne se Moun tain Dog 60 Re sults va ried be tween 0 and 5 growth li nes

Dog 7 Rho de si an Rid ge back 72 Re sults va ried be tween 7 and 13 growth li nes
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Fig. 1. Fox (36 months): long itu di nal sec ti on of the
ca ni ne den tal root sho wing 3 dark growth li nes (ar -
rows) in the ce men tum (cre syl vi o let stain) (sca le bar
= 200 µm). 
(a) al ve o lar soc ket; (c) ce men tum; (d) den ti ne; (pl) pe -
ri o don tal li ga ment; (*) den ti ne-ce men tum junc ti on

Fig. 2. Fox (36 months): long itu di nal sec ti on of the den -
tal root of the 2nd pre mo lar tooth (to lui di ne blue stain);
the ce men tum is thic kest around the tooth apex (com pa -
re dis tan ce X and Y) (sca le bar = 250 µm).
(a) al ve o lar soc ket; (c) ce men tum; (d) den ti ne; (pl) pe -
ri o don tal li ga ment; (*) den ti ne-ce men tum junc ti on

Fig. 3a. Fox (21 months): trans ver se sec ti on of the ca -
ni ne den tal root clo se to the den tal neck; no ce men -
tum lay er is vi si ble (cre syl vi o let stain) (sca le bar = 100 
µm).
(a) al ve o lar soc ket; (c) ce men tum; (d) den ti ne; (pl) pe ri -
o don tal li ga ment; (*) den ti ne-ce men tum junc ti on

Fig. 3b. Fox (21 months): trans ver se sec ti on of the ca -
ni ne den tal root; in the dis tal root area a broad ce -
men tum lay er is vi si ble (ar row he ads) (cre syl vi o let
stain) (sca le bar = 200 µm).
(a) al ve o lar soc ket; (c) ce men tum; (d) den ti ne; (pl) pe -
ri o don tal li ga ment; (*) den ti ne-ce men tum junc ti on

Fig. 4a. Fox (36 months): long itu di nal sec ti on of the
den tal root of the 2nd pre mo lar tooth sho wing 3 dark
growth li nes (ar rows) in the ce men tum (cre syl vi o let
stain) (sca le bar = 500 µm).
(a) al ve o lar soc ket; (c) ce men tum; (d) den ti ne; (pl) pe -
ri o don tal li ga ment; (*) den ti ne-ce men tum junc ti on

Fig. 4b. Fox (36 months): long itu di nal sec ti on of the
ca ni ne den tal root sho wing 2 dark growth li nes (ar -
rows) in the ce men tum (cre syl vi o let stain) (sca le bar =
500 µm). 
(a) al ve o lar soc ket; (c) ce men tum; (d) den ti ne; (pl) pe -
ri o don tal li ga ment; (*) den ti ne-ce men tum junc ti on



ting in a loss of the spe ci fic pat tern of the pri ma ry li nes,

ma king them less dis ting uis ha ble from the se con da ry

li nes. This is well evi den ced in the com pa ra ti ve stu dy

by Grue and Jen sen (1979), who com pa red sled ge dogs 

sub mit ted to se a so nal va ri a ti ons in Den mark to do mes -

tic pet dogs that were kept in con di ti ons wit hout ex po -

su re to se a so nal va ri a ti ons. It was found that age de ter -

mi na ti on by me ans of coun ting the growth li nes was

pos si ble in the sled ge dogs but fai led in the pet dogs. 

It may be won de red whe ther the gra du al ur ba ni za -

ti on of red foxes will in flu en ce their na tu ral way of

life in such a man ner that the ce men tum growth line

count will no long er be re li a ble for age de ter mi na ti on

in the se ani mals. In this con text it would also be in te -

res ting to com pa re the data from the pre sent stu dy

with the num ber of ce men tum growth li nes in foxes

that are kept on fur farms in shel te red con di ti ons and

with re gu lar food sup ply.  
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Fig. 5a. La bra dor (6 ye ars): trans ver se sec ti on of the
root of the 2nd pre mo lar tooth (cre syl vi o let stain); on
some parts of the den tal root, 6 li nes were vi si ble (ar -
rows) (sca le bar = 200 µm). 
(a) al ve o lar soc ket; (c) ce men tum; (d) den ti ne; (pl) pe ri -
o don tal li ga ment; (*) den ti ne-ce men tum junc ti on

Fig 5b. Ger man Bra que (7 ye ars): trans ver se sec ti on
of the root of the 2nd pre mo lar tooth (cre syl vi o let
stain); the dif fe ren ce be tween pri ma ry and se con da ry 
ce men tum growth li nes is not clear; ce men tum
growth li nes split and fuse lo cal ly (ar rows) (sca le bar
= 100 µm).
(a) al ve o lar soc ket; (c) ce men tum; (d) den ti ne; (pl) pe -
ri o don tal li ga ment; (*) den ti ne-ce men tum junc ti on

Fig. 6a. Ger man Bra que (7 ye ars): trans ver se sec ti on
of the ca ni ne den tal root sho wing 3 dis tinct li nes (ar -
rows) and se ver al va gue li nes (ar row he ads) in the ce -
men tum (cre syl vi o let stain) (sca le bar = 200 µm).
(a) al ve o lar soc ket; (c) ce men tum; (d) den ti ne; (pl)
pe ri o don tal li ga ment; (*) den ti ne-ce men tum junc tion

Fig. 6b. Ger man Bra que (7 ye ars): trans ver se sec ti on
of the den tal root of the 2nd pre mo lar tooth clear ly
sho wing 6 li nes (ar rows) in the ce men tum (cre syl vi o -
let stain) (sca le bar = 100 µm).
(a) al ve o lar soc ket; (c) ce men tum; (d) den ti ne; (pl) pe -
ri o don tal li ga ment; (*) den ti ne-ce men tum junc ti on
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DE ARME VROUW EN DE VEE ARTS BIJ DE ZIE KE KOE

Zal dan mijn een’ge koe be zwij ken?

Ach! ‘k zie het wel, wat is zij ziek!

Die ziek te zal wen niet meer wij ken,

Haar toe stand is al heel kri tiek?

Maar als ik ook die koe moet der ven,

Wie zegt mij, waar ’t dan he nen moet?

Och mocht ik zelv’ dan maar ster ven!

‘k Weet geen raad. Wat gaf ze goed.

Wat gij heer Doc tor niet kunt ge ven

Dat kon toch onze lie ve heer?

Waar om zou Hij ’t beest doen sne ven?

O! ‘k bad zo vu rig keer op keer.

Blijf, sprak de man, den Heer ver wach ten.

Hij heeft, al sterft uw koe, nog brood.

Het faalt uw’Vader nooit aan krach ten,

Hij zorgt ook in den hoog sten nood.

Of des veeartsen’s on ver mo gen. Dit ont roe ren de dicht stuk vloei de uit de pen van Ja cob Van Dam (1785-1865),
rijks vee arts te Aar lan der veen bij Zwam mer dam (Zuid-Hol land) en, zo als veel van zijn land ge no ten, ge le gen -
heids dich ter.

Uit:

Leeflang, P. (1985). Ja cob van Dam (1785 – 1865), land man, vee arts en dich ter. In: van der Horst, K., Kool mees, P.A., Mon -
na, A. (eds.), Over bees ten en boe ken, Eras mus Publ., Rot ter dam, 195 – 210.

Uit het ver le den
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