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SUMMARY 

The homology of the rabbit incisors has remained controversial despite a bundant 
phylogenetic, developmental and morphological research. In this study, development and 
morphology of the incisors were investigated by means of seria i histological sections and by 
stereomicroscopy in 10 fetal, 25 juvenile and 3 adult New Zealand White rabbits. A vestigial 
and a major incisor develop in both the upper and lower jaw, while a diphyodon t minor 
incisor is located caudal to the major incisor in the upper jaw. Additionally, a unique case 
of incisor polydonty in an adult wild rabbit was investigated. The left incisive bone of this 
case bore a large supernumerary medial incisor which had a li characteri stics of a typical 
atavistic expression of the vestigial primordiwn o f the fi rst incisor. F rom this case the concept 
was deduced that the major incisor in the rabbit is monophyodont and corresponds to the 
second incisor, while the minor incisor in the upper jaw represents the diphyodont third 
ll1CISOL 
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INTRODUCTION 

Lagomorphs have been distinguished as an order separate from the rodents 
because of their duplicidentate upper jaw denti tion (HOROWITZ et al. , 1973 , 
THENrus, 1989). In the rabbi t, four upper and two lower incisors are formed 
bilateraUy during fetal development. In adult dentition, a major and minor incisor 
are present in each upper jaw, and a major incisoF in each mandible. 

This situation is a vast reduction of the basic diphyodont dentition of adult 
eutherian mammals presenti ng bilateral ly three upper and lower incisors (BECKER, 

1970 ; MILES and GruasoN, 1990). The regression of one upper and two lower 
incisors in the rabbit has puzzled scientists for more than 150 years. Despite 
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numerous phylogenetic, developmental and morphological studies, the homology of 
the remaining incisors is still controversial. Different hypotheses about the homol
ogy of these incisors have been reviewed by HIRSCHFELD et al. (1973), ÜOË (1980} 
and THENIUS (1989). 

In the present study, the Literature data were checked against morphological and 
developmental observations in perinatal rabbits and confronted with a unique find
ing of incisor polydonty in an adult wild rabbit (Oryctolagus cuniculus L., 1758). 

MATERIAL AND METHODS 

Along with the macerated skull of an adult wild rabbit with incisor polydonty 
and hypertrophy, 38 rabbits of the New Zealand White breed of Oryctolagus 
cuniculus L., 1758 were studied. The latter animais ranged in age from 21 and 
28 days in utero (6 and 4 specimens, respectively), 1 through 35 days postnatally 
(20 specimens), 2 months (5 specimens) and older than 6 months (3 specimens). Size 
and position of ali incisors were determined for each animal. Gestation period in 
the rabbit is 31 days. 

Dental development was investigated histologically in 7 fetal heads embedded in 
hydroxyethylmethacrylate (Technovit 7100, Kulzer) or paraffin , by means of 10 J.lm 
thick transverse and horizontal seriai sections coloured with a trichrome or 
haematoxylin-eosin staining. Early postnatal dentition was examined histologically 
in two heads of 8 day old rabbits, embedded in paraffin and eut sagittally in seriai 
sections that were subsequently stained with haematoxylin-eosin. Seriai histological 
sections were digitalized for three-dimensional reconstruction of dental arrangement 
by means of a HP-program as described by VANDEN BERGHE et al. (1986). The 
incisors of aLI other rabbits were studied stereomicroscopically, both in situ and 
after extraction, using a Zeiss OPMI-FC Epitechnoscope. 

The polydontic skull was examined macroscopically and radiographically 
(exposure settings : 44 KV, 350 mA, 0.02 sec, Trimax T2-HD screen). 

RESULTS 

Dentition in the adult rabbit (Figs 1-3) 

T he major incisors (B) are long, curved and hypsodont, i.e. , continually growing 
and open-rooted. The clinical roots of the upper and lower major incisors have a 
wide open root canal, and are deeply implanted in the incisive bones and the 
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General legend : A= vestigial incisor, B = major incisor, C = deciduous min or incisor, D = per
manent minor incisor. 
Figs 1-3. - Dentition in the adult rabbit. - 1. Right lateral view (bar= 1 cm). - 2. Rostral 
view (bar= 1 cm). - 3. Ventral view of the upper incisors (bar= 5 mm). 
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mandibulae, respectively. The clinicat crowns of the upper major incisors converge 
ventromedially and are strongly curved. They bear a deep longitudinal groove along 
the convex vestibular surface, and a shallow oblong groove on the concave lingual 
surface. The clinicat crowns of the lower major incisors are less strongly curved and 
converge dorsomedially. They present a longitudinal lingual groove but no 
vestibular groove. 

The minor incisors (D) lie along the caudomedial surface of the upper major 
incisors. They are much shorter and thinner than the latter, slightly curved and 
open-rooted. 

Development of the incisor teeth 
(Figs 4-14) 

A vestigial incisor (A) was present in both the upper and lower jaws at day 21 
of fetal life. This rudimentary tooth was closely adjacent to the rostral oral mucosa 
and was located rostromedial to the major incisor (B) (Figs 6, 7, 9 and 10). It was 
connected with the ename! organ of the latter tooth through an epithelial cord 
(Figs 6 and 9). At day 28 of fetal !ife, the vestigial incisor was either erupting or 
effectively erupted (Figs Il and 12), and it was no longer seen in neonata l rabbits. 

The major incisor (B) was present in the upper and lower jaws of ali fetal and 
postnatal rabbits investigated. This long bicuspidal tooth was still covered by the 
oral mucosa at day 28 of fetal !ife, but was erupted at birth in both the upper and 
lower jaws. 

The deciduous minor incisor (C) was observed in the upper jaw at day 21 of fetal 
!ife, lying ventromedial to the caudal segment of the major incisor (Fig. 7). During 
further development, the dental root of this incisor became distinctly bifurcated. At 
birth (day 1), this incisor could be palpated through the oral mucosa, but its erup
tion only occurred at day 4 postnatally. This tooth was shed early in the second 
month of life; in one case it was already !ost unilaterally at the end of the first 
month (Figs 13-1 4). 

The permanent minor incisor (D) of the upper jaw was not yet visible at 21 days 
of fetal !ife. The germ stage of this tooth was apparent at fetal day 28 (Figs 4 and 
5). It lay ventral to and closely associated with the ename! organ of the deciduous 
minor incisor. Eighteen days after birth, the permanent minor incisor could be 
palpated caudal to the major incisor through the bulging oral mucosa. Eruption of 
the permanent minor incisor was observed 23 days after birth, i.e., before shedding 
of the deciduous minor incisor. Consequently, at the end of the first month of life, 
three incisor teeth were aligned rostro-caudally in each upper jaw, i.e., the major 
incisor (B), the deciduous minor incisor (C) and the permanent minor incisor (D) 
(Figs 13-14). 
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Figs 4-5. - Rostrolatera l view of the left incisors in a fetal rabbit of 28 da ys post conception 
(bar= 1 mm) - 4. Compi led transverse seriai sections. - 5. Denta l outline reconstruction. 

Fig. 6. - Transverse section of the left vestigial (A) and major (B) incisors in a fetal rabbit 
of 21 days post conception. e=epitbelial connection between the ename] organs of the 
ves tigial and major incisors, i = intermandibular cartilage, p =palatal mucosa, s =sublingual 
mucosa , t=tongue (bar= 100 JliTI). 
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Fig. 7. - Horizontal section of the vestigial (A), major (B) and deciduous minor (C) upper 
incisors in a feta l rai:Jbit of 21 da ys post conception. p = philtrum, v= vomeronasal organ 
(bar = 100 !lm). 

F ig. 8. - Sagittal section of the major (B), deciduous minor (C) and permanent minor (D) 
upper incisors in a 8 days old rabbit. The permanent minor incisor (D) bas developed into 
the bell stage. p =palata l mucosa (bar = 1 mm). 
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Figs 9- 12. - Legend on p. 322. 
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Figs 13-14.- Upper incisors in a 1 montb old rabbit with deciduous minor incisor (C) still 
present between the major incisor (B) and the permanent minor incisor (D) on the right side 
(bars= 1 mm). - 13. Rigbt lateral view. - 14. Ventral view. 

Incisival polydonty in a wild rabbit 
(Figs 15-17) 

The mandibular incisors, as weil as the upper and lower premolars and molars 
of this adult skull were normal in size and shape. In the upper jaw, however, the 
incisors presented manifest positional deviation, hypertrophy and polydonty. 

In the left upper jaw, three incisors were present. Size, shape and intraosseous 
position of the major incisor (B) were normal, but the orientation of the crown seg
ment of this tooth was sagittal instead of rostromedial. This deviation was caused 
by the presence of an additional large medial incisor (A'). The general shape of the 
latter tooth was very similar to that of a regular major incisor, although its root 
was shorter and its crown broader. The root of this additional incisor was embed
ded in the incisive bone and the crown curved rostromedia lly, forming occlusal con
tact with the incisor of the right mandible. A normal minor incisor (D) lay caudal 
to the large incisors. lt emerged from the incisive bone at the leve! of the medial 
lobe of the major incisor (B) and its crown was di rected rostroventrally along the 
caudal surface of the additional major incisor (A') . Medial to the major and addi
tional major incisors lay a mass of active osteosclerotic tissue (Fig. 16). The latter 
enclosed a central excavation that was ventrally opened. Contents of the excavation 
were not present in this macerated specimen. 

Figs 9-12 . - Histology of the vestigial incisors (bars= 100 j.J.rn). a=ameloblasts, d =dentin, 
e =ename! organ, ee =epithelia l exten ion between ename! organs of the vestigial and major 
incisors, o=oral mucosa, p = dental pwp. - 9. Upper vestigial incisor in a fetus of 21 days 
post conception . - 10. Lower vestigial incisor in a fetus of 21 days post conception. -
11. Upper vestigial incisor in a fetus of 28 days post conception. - 12. Lower vestigial incisor 
in a fetus of 28 days p.ost conception. 
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Figs 15-17. - Skull of an adult wild rabbit with polydonty and hypertrophy of the 
incisors. - 15. Right lateral view showing coiled upper incisors (B and D) (bar= 1 cm). -
16. Rostral view demonstrating the position of the major incisors (B), the large additional 
incisor (A') and a medial osteosclerotic tissue mass (asterisk) in the upper left incisive bone 
(bar = 1 cm). - 17. Ventral view of the upper incisors (bar = 5 mm). 
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The right upper jaw contained two hypertrophied incisor teeth. The major 
incisor (B) was sagittally oriented and formed no contact with the lower incisors. 
lts crown was coiled for 360°, the apical part of the crown being more strongly cur
ved than the basal segment. The minor incisor (D) was also elongated, forming a 
semicircle along the inner curvature of the major incisor. 

Both the left and right mandibles bore a large incisor (B), the size and shape of 
which were normal (Fig. 16). The lower left incisor formed occlusal contact with the 
major incisor of the left upper jaw (B). The crown of the lower right incisor was 
deviated dorsally to the left and thus made contact with the additional incisor of 
the left upper jaw (A'). This arrangement had caused normal attrition and length 
of the left upper incisors and both lower incisors. 

DISCUSSION 

The exact homology of the rabbit incisors has remained uncertain , because only 
four upper and two lower incisor primordia are found in the rabbit during develop
ment. 

Ali evidence available indica tes that the minor incisor is diphyodont, as two 
teeth are successively formed from the ename! organ within the same dental a lveole 
(POUCHET and CHABRY, 1884; fREUND, 1892 ; HIRSCHFELD et al. , 1973; SYCH and 
READE, 1987). The tooth that develops first has ail features of being deciduous as 
it is smaller, lies more rostral and erupts earlier than the subsequent tooth by which 
it is replaced (KRAUSE, 1884; HIRSCI-ÎFELD et al., 1973 ; HOROWITZ et al., 1973). The 
latter incisor persists throughout !ife and is therefore truly permanent. 

In contrast, the nature of the vestigial and major incisors is still uncertain. The 
major incisor is generally considered as permanent because it persists throughout 
Life , but it is still controversial whether or not this tooth has a deciduous prede
cessor. Most authors consider the vestigial incisor as the deciduous predecessor of 
the major incisor, because the germs of both teeth are closely adjacent and present 
epithelial contiguity, while the vestigial anlage is smaller, develops earlier and erupts 
faster than the la rge incisor (HUXLEY, 1880 ; POUCHET and CHABRY, 1884 ; FREUND, 
1892; PETERS and STRASSBURG, 1968; HIRSCHFELD et al., 1973 ; SYCH and READE, 
1987). According to ADLOFF (191 0), however, the positional contiguity of the 
vestigial and the major incisors merely results from the large outgrowth of the lat
ter, and both dental germs develop separately as the first and second incisors, 
respectively. A similar opinion is held by N ISI-llYAMA. (1932) who considered the 
epithelial connection between the germs of both teeth as a secondary link. More 
recently, even the pennanent nature of the major incisor has been challenged by 
ÜOË (1980) who considered this tooth as deciduous because it develops distal (i.e. , 
lateral) instead of lingual (i .e., caudal) to the vestigial incisor. 

T he controversial nature of the vestigial incisor, combined with the reduced 
number of incisors, has entailed differing numerical classifications of the rabbit 
incisors (Table 1). 
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TABLE 1 

Homo/ogy of the vestigial (A ), major ( B) , deciduous min or ( C) 
and permanent min or ( D) incisors of the rabbit 

as proposed by various authors. 
( 1 : incisor; d : deciduous ; p : permanent ; * : see discussion) 

B c D Au thors 

lpl Id2 Ip2 W OODWARD (1892) 

Id! Id3 Ip3 W EBER ( 1928) 

I2 - I3 ADLOFF ( 191 0), N ISHIY AMA ( 1932) 

ld2 ld3 Ip3 ÜOË (1980) 

12 Id3 lp3 This article 
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For the reasons described above, AoLOFF (1910), NISHIYAMA (1 932) and ÜOË 

(1980) conclude that regression has reduced the first incisor to a vestigial remnant, 
and that the major and minor incisors therefore correspond to the second and third 
incisors, respectively. More evidence for this probability is offered by the case of 
polydonty described here. This case presents indeed ali characteristics of a typical 
a tavistic polydonty, i.e., development of a supernumerary dental primordium that 
is normally found lingering in the reduced dentition of a particular species ( B ECIŒR, 

1970). Severa! decades aga, NISHIYAMA (1932) pointed out the possibility that the 
phylogenetically reduced dental primordium in the rabbit might occasionally come 
to expression, but to our knowledge such a case has never been reported hitherto. 
The additional large incisor present in this aberrant dentition could be interpreted 
as the outgrowth of either a deciduous predecessor of the major incisor or a 
monophyodont first incisor. The former possibility seems unlikely, however, 
because the supernumerary incisor was similar in size and morphology to the major 
incisor. Therefore the supernumerary and the major incisors most likely correspond 
to the fi rst and the second monophyodont incisors, respectively, and consequently 
the minor incisor is equivalent to the third incisor. It is evident tha t the interpreta
tion of such aberrant morphological findings remains always speculative, even when 
it seemingly offers the missing link that has long been sought. One cannat com
pletely overlook the possibility that the supernumerary incisor could also be the 
expression of atypical polydonty, i.e., a casual variation that has no phylogenetic 
basis but results from malformations such as dichotomy of teeth primordia or 
transposition of the dental lamina (BECIŒR, 1970 ; M IL ES and G RIGSON, 1990). 

A completely different interpretation of the numerical reduction of the rabbit 
incisors is provided by W EBER (1928), who designa tes the deciduous incisors as Id 1 
and ld3, adding that the latter is replaced by the permanent minor incisor 13. This 
description states that the second incisor is !ost, but no arguments or facts are given 
to document that presumption. This record is ambiguous as it does not state clearly 
whether the fi rst deciduous incisor corresponds either to the vestigial or the major 
incisor. This ambiguity was not uncommon in older records in which the vestigial 
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incisors were overlooked and the major teeth were considered to be deciduous 
because they happen to be formed very early (see WOODWARD, 1892). This inter
pretation has therefore been used in compiling Table 1. 

More investigators share the opinion that the phylogenetic reduction of the rab
bit incisors has affected the third incisor, whereby the functional major and minor 
incisors are considered as the first and second incisors, respectively (FREUND, 1892; 
WooDWARD, 1892). For a long time this viewpoint was based upon the erroneous 
belief that, of the three incisors present in the upper jaw of young rabbits, the third 
or outer one was !ost (WOODWARD, 1892). More recently, THENIUS (1989) has also 
referred to sorne statements claiming that a third incisor might be formed but is !ost 
soon after birth. FRIANT (1957 and 1961) has described a similar case ofexceptional 
dentition in the upper jaw of a 20 days old rabbit, having a third incisor that lay 
behind the major and deciduous rninor incisors. The caudal tooth aUegedly erupted 
around the twentieth day of !ife and was shed soon afterwards without replacement. 
The description further claimed that the permanent minor incisors erupt after their 
deciduous predecessors are !ost. However, this description and the iconographie 
evidence of this case contain controversial data, and most probably they actually 
refer to the normal situation of three aligned teeth (major, deciduous minor and 
permanent minor incisor) that are present in rabbits at that age. Therefore we fee! 
that no conclusive evidence is given for clairning that regression of the incisors in 
rabbits has focused on the third incisor. 

In view of the Literature reports and our histological findings, the unique case 
of polydonty that is described in this study endorses the concept that in the rabbit 
(!) the vestigial incisor is monophyodont and corresponds to the first incisor, 
(2) the major incisor is also monophyodont and corresponds to the second incisor, 
and (3) the deciduous and permanent minor incisors in the upper jaw represent 
both stages of the diphyodont third incisor. 
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