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Effects of occlusal hypofunction and itsrecovery on mor phogenesis of
molar rootsin mice.
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Abstract

The effects of long-term, artificially created, hypofunctional occlusion and its recovery on the
mor phology of the first molar root in mice have been investigated. C57BL/6J (Jackson Labora-
tory, Bar Harbor ME, USA) mice were randomly divided according to their periodontal condi-
tions into normal, hypofunctional, and recovery groups (n = 4). In the experimental hypofunc-
tional and recovery groups, a bite-raising appliance was set to produce hypofunction at the mo-
lar region. All groups were analyzed at 16 weeks of age using a light microscope. Root length,
width, and area aswell as thethickness and the area of the periodontal ligament (PDL) space of
the maxillary first molar were calculated. Roots were longer and narrower in the hypofunc-
tional group than in the control group. The mesial root in particular was markedly affected.
Root area was significantly smaller in the hypofunctional group than in the other groups. PDL
thickness and area were also significantly less in the hypofunctional group than in the control
group, but were greater in the recovery group than in the hypofunctional group. These results
suggest that root size and the PDL structure may bereduced by disuse atrophy resulting from a
defect in occlusal function, but may be recovered following the gain of occlusal stimuli.
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term, hypofunctional condition may be one posséile-
logical factor for root resorption during orthodiont
treatments. The extent of root resorption was shimare
significantly greater for hypofunctional teeth thfan con-
trol teeth under normal occlusal conditions durig
operimental tooth movement in rats [12]. Clinicaldies
also demonstrated that the severity of root resmrpt
which was examined radiographically, was greater in

I ntroduction

Occlusal or masticatory mechanical loading is apam
tant regulatory factor for periodontal tissue hostasis.
The stress of functional occlusion has been sugddst
be important for the development and thickening
periodontal collagen fibers [1]. The progressiveogpiy
of Sharpey's fibers, loss of their regular arrang@mnnar-

rowing of the periodontal space, and the of alvebtme
following the lack of occlusal function have beeparted
previously [2-5].

Histologically, teeth exhibit a hypofunctional pmton-
tium in the absence of occlusal function [6, 7]riGdon-
tal fibers were shown to be thinner, less in nurrdoet
density, and disordered when the function of tle¢htevas
diminished in mice [3], rats [8]. macaque monke9s [
10], and humans [6]. Atrophic changes in the penial

open bite cases than in deep bite cases beforefterd
orthodontic treatments [13] In histological stud@soot
morphology, the number of histological sectiongyjsi-
cally limited to a small number per tissue samate] it is
impossible to obtain histological sections fromfetiént
aspects using a single tissue sample. Furtherntbee,
thickness of the PDL can be easily influenced bgue
preparation, such as handling, decalcification, dely-
dration of the specimen [14].

ligament (PDL), such as narrowing of the periodbntaThe aim of the present study was to three-dimeadlipn

space, disorientation of collagen fibers [11], aadcular
constriction have been associated with the losxolusal
function [3, 4].

Periodontal hypofunction resulting from the lackaowmin-
tact with an opposing tooth is encountered in aerizal-
occlusions such as an open bite and ectopic tAdtng-
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examine the morphology of mouse molar roots and the

PDL space under a long-term hypofunctional nonakclu
ing condition and compare these results with tholse
tained under normal occlusion and occlusal recogery
ditions. We also attempted to elucidate the ratatiip
between occlusal function and periodontal tissuadw
stasis.
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Materialsand Methods mental groups. In the experimental hypofunctionadl a
recovery groups, a bite-raising appliance was ceqiro-
Experimental Animals duce hypofunction at the molar region [15]. Thel@nge

C57BL/6J (Jackson Laboratory, Bar Harbor ME, USA consisted of a metal cap made of band material {Tom
mice were used in the present study. Water wasigedv International Inc, Fukushima, Japan) and bondedh wit
ab libitumand mice were kept in a 12-hour light/dark en.composite resin (Clearfil Majesty LV; Kuraray CotdL
vironment at a constant temperature of 23°C. Aiimafs  Okayama, Japan) on maxillary and mandibular insisor
were fed a powder diet (Rodent Diet CA-1; Japan &LE respectively (Fig. 1). In the recovery group, tiEpla

Inc, Tokyo, Japan). During the experimental perihgy ~ances were removed 7 weeks after initiation of eéke
mice were weighed once a week. periment in order to recover occlusal contact. Miee

sacrificed at 16 weeks of age. The experimentadystu

Mice were randomly divided into three groups of rfou d€sign is summarized in Figure. 2.
mice each: one untreated control group and two rexpe

5 16 (Weeks old)

Control group

Hypofunctionalgroup (HG) g === === =—==—=========-=-=
Recovery group (RG) [= = = = = = = = = -
0 7 (WEEKS)
B (‘ , Set ting the appliance)
( ) (4 , Removal of tha appliance)
Figure 2. The angle of serial sections (A). Study design (B)
Morphological Analysis Sagittal view.
Root length, width, and area as well as the thiskrend « Root length measured along the long axis of the root
area of the PDL space of the maxillary molar wexrlewc from the cemento-enamel junction (CEJ) and roct fur
lated on images using landmarks identified on twts of cation to the apex (Fig.3).
the first molar as described below: « Root width measured perpendicular to the long axis of
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« mesial (M) roots at the midpoint of each root (FH}. Results

* Root area:calculated from the CEJ and root furcation
to the apex (Fig. 3). The Influence of Occlusal Hypofunction and 1ts Recov-

» PDL thicknessirecorded from the distance from the ery on Root Length and Width of M and DB Roots in
root surface to the alveolar bone of M roots ae fiv the Sagittal Aspect
points. Two perpendicular lines to the long axishef  The root in the sagittal aspect was significantiyger P
root divided the root into middle (a, e) and apital < 0.01) and narrowerP(< 0.05) in the hypofunctional
d) thirds. Point c was located at the root apeg. (8. group than in the control group (Fig. 4).

» PDL area: The radiolucent area between the root an
the alveolar bone was calculated in sagittal ardl ax

slices (Fig. 3). - (um)
Axial view §_=2 00 [ B Control Group
« Root area in the axial aspecfhe root area on a 3 [J Hypofunctional Group
cross-sectional plane passing through the middietpo 5, 3090 '\' ] Recovery Group
of each root: M, mid-buccal (Fig. 3). @ 2500 — i
g 2000 —
M1 )
£ © [] PDL part z %7 *
[ Root part g 1000 | M
s
~ 500 | I|+||+|
0

Root length Root width

Figure 4. Effects of occlusal hypofunction and its recov-
ery on the length and width of M (A) in the sadyitw.
M indicates the mesial root; ** P<0.01; * P<0.05

wm B Control G
ontrol Group
Figure 3. Measurements taken from sagittal and axial < 15000 | Hvpofunctional Grou
aspects are indicated. M1 has a indicates the rteayil % 1‘3‘888 | B Rzgover Grou p
first molar; root length; W, root width; The root dth D 12000 y P
measurement ¥ point of the root length, MR mesi¢< 11000
root = 10000 |
7l 9000 o okk
5 8000 | 01
. . 7000
The same investigator performed all measurement$, a % 6000 |
every measurement was repeated three times. The me¢ = 5000
value was used as the final measurement. To asst < 4000 —
measurement reproducibility, measurements were pe 3 000 |
formed 10 times for one randomly selected root. Th & 1000
standard error was limited to less than 1%. 0 ==
PDL area PDL area
Statistical Analysis Sagittal view Axial view

Data are expressed as the mean + standard eriibie of

mean. To determine the significance of differeram@sng

groups of mice, we performed a repeated one-waly-ana Figure 5. The influence of occlusal hypofunction and its
sis of variance and the Tukey-Kramer test usingvigta recovery on root area in the sagittal and axialwge M
(Abacus Concepts Inc, Berkeley, Calif). Confidetegel indicates mesial; ** P<0.01

P <0.05.
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B cControl Group
[J Hypofunctional Group

(um) [0 Recovery Group

300 —
8 250 lﬁllﬁl ~}lililil *k  kk
: 200 * - s
g |_| J_ ** %%
o 150 -
S
2 100
9]
© 50

0
a b c d e

Figure 6. The influence of occlusal hypofunction and itoxexry on the PDL tickness of M root area in thgital
aspect. A description of points A-e has been pealid the Materials and Methods section. M indisateesial root; **
P<0.01; *P<0.05
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PDL area
Sagittal view
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Axial view

Figure 7. The influence of occlusal hypofunction and itoxexry on the PDL area in the sagittal and axighests
** P<(.01; *P<0.05

These results showed that roots were slightly lohgéhe
hypofunctional and recovery groups and narroweth@
hypofunctional group than in the other groups.

The Influence of Occlusal Hypofunction and Its Recov-
ery on Root Area in the Sagittal and Axial Aspects

612

No significant differences were observed in ro&aabe-
tween M roots in the sagittal aspect, although rinat
area of the M root was significantly smaller in thgpo-
functional group than in the other groups< 0.01; Fig.
5A). The area of the M root in the axial aspect wigs
nificantly smaller in the hypofunctional group thiarthe
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other groups (Fig.5). These results show that theotM
was significantly smaller in the hypofunctional gpathan
in the other groups.

The Influence of Occlusal Hypofunction and Its Recov-
ery on the PDL Thickness of M and DB Roots in the
Sagittal Aspect

The PDL space of the M root was significantly namo
in the hypofunctional group than in the control yraat
points a, ¢, d, and e, and in the recovery groyets b,

¢, d, and e (Fig.6). Moreover, the PDL was narroimer

the recovery group than in the control group ahpai P
< 0.01; Fig.6).

was significantly smaller in the hypofunctional gpathan
in the recovery groug(< 0.01; Fig. 7). In the axial view,
the area of the PDL around of the maxillary molamsis
significantly smaller in the hypofunctional groupah in
the control group, and the PDL areas around thedifisr
were significantly smaller in the hypofunctionalogp

than in the recovery group. Moreover, the PDL areas

around the M roots were significantly smaller ir tie-
covery group than in the control group (Fig. 7).

These results showed that the PDL area was snirallee
hypofunctional group than in the control group, bet
came larger in the recovery group than in the hypof
tional group following the reestablishment of ocal

These results demonstrated that PDL thickness wfunction.

slightly less in the hypofunctional group than fire tcon-
trol group, but increases in the recovery group anmed
to the hypofunctional group.

The Influence of Occlusal Hypofunction and Its Recov-
ery on the PDL Areain Sagittal and Axial Aspects

The PDL areas around the M roots in the sagittpéets
were significantly smaller in the hypofunctionalogp
than in the control group, and the PDL area ofithmot

M1 Control group

Micro-CT Images of Upper Molar Teeth in Normal Oc-
clusion, Hypofunctional, and Recovery Groups

The experimental molars in the hypofunctional group

showed greater eruption above the occlusal plaaa th
those in the control and recovery groups. Occlagpb-
function resulted in less alveolar bone than timathie
control group, which appeared to return to norreakls
in the recovery group (Fig. 8).

M1 Hypofunctional group M1 Recovery group

Figure 8. Picrophotograph of the mid-palatal suture in thexilary dentition in normal occlusion (control grpy mo-
lar hypofunctional, and recovery groups. Upper tal@nd palatal views. Ml indicates the maxillargstimolar.

Discussion

The present study was designed to investigatenthe- i
ence of occlusal or masticatory mechanical stironlthe

out its antagonists will elongate towards the opmps
crown; this elongation has also been demonstraxed e
perimentally [8, 16, 17]. In the present study, noi€CT
images of the normal and hypofunctional groups aihd

morphology of mous molars and the PDL structure. Wgroups recovering from hypofunctional occlusion -sug

established an experimental hypofunctional modehan
molar region using a bite-raising appliance [15hisT
method allowed us to simulate a hypofunctional dom
in the molar region and re-establish normal ocolu$oll-
owing removal of the appliance. Clinically, a toatith-
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gested that the loss of occlusal contact followgeiru-

sion f the tooth were associated with root elomgatf
different degrees in the hypofunctional group; hesve
this decreased significantly in the recovery grotihe
results of this study indicated that roots are tstitbrtened
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by apical root resorption and intruded by functidoads
during the recovery period. On the other hand, usad|
hypofunction resulted in a less alveolar bone et in
the control group; however, this level appearedetarn
to normal in the recovery group. In this regard;lasal
function ensures adequate tooth support. Althougheb
resorption in the alveolar bone crest occurrednduthe

Toshitsugu Kawata

In the present study, we demonstrated from moshef
PDL measurements that the PDL was significantly nar
rower in the hypofunctional group than in the cohtr
group and that it was wider in the recovery grdugmtin
the hypofunctional group [23-25]. The same reswitse
observed for the PDL area. These results strongjgest
that atrophic changes in PDL structure were indumgd

hypofunctional period when this homeostasis was disthe loss of occlusal function, but that PDL mechianep-

rupted; alveolar bone was restored almost to thel lef
control groups during the recovery period to adaphe
new functional condition. In addition, the lossatfrition

tors way be recovered, possibly in association \ilih
widening of blood vessels, in the PDL following thp-
plication of occlusal stimuli. Moreover, these fesisug-

was only observed in the hypofunctional group, Wwhic gest that root elongation under the hypofunctiameldi-

suggested that the maxillary molars had no occlosal
tact throughout the experimental period.

tions occurred concomitantly with decreases in PDL
thickness and tooth eruption.

Atrophic changes in the PDL have been associatéu wiConclusion

the loss of occlusal function [11, 18]. Such change
clude narrowing of the periodontal space, disoagomn
of collagen fibers [3], vascular constriction, ateforma-
tion of the mechanoreceptor structure [4]. Othedists
using occlusal recovery models reported the widgmih
blood vessels in the PDL following the applicatmioc-
clusal stimuli [8, 19]. However, it is difficult tadapt
these occlusal recovery models, which were simdlate
7-week-old rats, to a clinical situation, because erup-
tion of the first molars in these rat models wamncst
finished at 5 weeks old; these rats could naturhitg

« Roots were longer and narrower in the hypofunctiona
group than in the control group. Root area was sigo
nificantly smallest in the hypofunctional group thia the
other groups.

« PDL thickness and area were significantly lesshim t
hypofunctional group than in the control group, tuare
greatest in the recovery group than in the hypdfanal
group.

« These results suggest that root size and the PDE-st
ture may be reduced by disuse atrophy resultino feo

between 5 and 7 weeks of age before short-term-hypdefect in occlusal function, but may be recovertbiv-

functional condition was simulated. Previous stadie

male rats showed that alveolar bone turnover and o

teoblastic/osteoclastic activity decreased with §2@-
22]. In our study, the durations of the hypofuncéb
condition were 11 and 7 weeks for the hypofunctiemal
recovery groups, respectively. However, since tlosvth
potential of 12-week-old mice is minimal, it wasnea-
ered that there was no difference was considerexith
between 7-week and 11-week hypofunctional condstion

Regardingthe influence of occlusal hypofunction and its 3.

recovery on the length and width of M roots evaddain
the sagittal aspect, we demonstrated that the Nwas
significantly longer and narrower in the hypofupaotil
group than in the control group. Moreover, no digant
differences were observed in root areas, exceph®iM
root, which was significantly smaller in the hypoéd
tional group than in other groups. In this studg, faund
that the mesial root was mainly affected by hypofiom.
This may have been due to the larger size of thgiahe
root than the rest of the roots. Therefore, changehe
mesial root were clear and easy to quantify.

These results, suggest that the roots of mousersnoith

the loss of occlusal stimuli elongate toward theaging
crown, and, since the midpoint of the elongated ino
the hypofunctional group shifted towards the apewnt

width and area decreased.
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ing the gain of occlusal stimuli.
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