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Organisms present in microbial dental plaque and the gingi-
val sulcus or substances derived from them are primary agents 
in the etiology of inflammatory gingival and periodontal dis-
ease. However, apical proliferation of the epithelial attachment 
(junctional epithelium) and loss of alveolar bone in germfree 
mice were attributed to periodontal bone disease.2,3 Other 
essential features of the disease (such as inflammation) were 
absent. Subsequent authors concluded that the previously de-
scribed changes were “physiological growth phenomena and 
not pathologic alterations observed in germfree mice.”15 This 
comment prompted us to ask: How does growth affect peri-
odontal processes of colonized (conventional) animals?

Here we report analytical data regarding the dentition and 
periodontal status of conventional rats 2 to 15 wk of age. To this 
end we used 4 complementary techniques typically applied to 
the assessment of experimental periodontal disease. We learned 
that growth process affect 2 of these parameters (periodontal 
bone support and the distance between the cementoenamel 
junction and the alveolar bone crest) and integrate our findings 
with information regarding growth and the mechanics of chew-
ing. The most striking periodontal change during this period 
was a transient phenomenon: the sum of alveolar bone areas 
undergoing resorption increased until 9 or 10 wk of age and 
decreased thereafter. We hypothesize that this phenomenon is 
due to a transient immunologic impairment.

Materials and Methods
The project was approved by the Bioethics Committee of the 

Medical School of Rosario (Santa Fe, Argentina). The experi-
ments were carried out according to the principles stated in the 
NIH guide.28

Animals. The facilities belong to the conventional, semiopen 
type. Young adult rats of both sexes of each line were separated 
by sex since weaning and housed first in polypropylene cages 
(32 cm × 24 cm × 10 cm) with wood shavings for bedding. At 
70 d of age, they were housed in wire cages (40 cm × 40 cm × 30 
cm) at the rate of 6 animals per cage. The rooms had constant 
temperature (23 ± 3 °C), with a relative humidity of 50 ± 10% 
and a 12:12-h photoperiod. Cages and bedding were changed 
twice a week. Tap water and food (pelletized, Cargill Laboratory 
Chow, Cargill, Argentina) were provided ad libitum.

The base population, named IIM (Instituto de Investigaciones 
Médicas), was obtained by crossing outbred albino rats brought 
from Buenos Aires, Argentina, in 1947, the ancestors of which 
came from Europe in 1917. The IIM rat colony was initiated in 
1948 at the Animal Facilities of the Instituto de Investígaciones 
Médicas of Rosario (IIM), by randomly assigning breeders of the 
base population to groups to develop lines a through j, which 
were bred since then through a nonregular system of mating, 
in harems with 1 male and 4 to 6 female rats. Upward selec-
tion of body weight and productivity was performed in every 
line. About 2 generations were obtained yearly. Inbreeding was 
achieved by limiting the effective population size.9 A few breed-
ers of the lines IIMb, IIMe, IIMα, and IIMc were moved in 1958, 
1960, 1972, and 1980, respectively, to the Animal Facilities of the 
School of Medicine to give rise to the IIM/Fm colony.

In 1964, a wild Rattus norvegicus was crossed with an IIM e/Fm 
female rat, and 2 sublines were developed from the F1population: 
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where A is the distance between the cementoenamel junction and 
the apex of the root of interest, and h is the height of the resorp-
tion area.13 Because periodontal bone support was qualitatively 
the same for all roots, we here present the data corresponding to 
the distal root of the first molar and the mesial root of the second 
molar (averaged for each rat), because their prominence in the 
radiographs helped to reduce measurement errors.

Distance between the cementoenamel junction and alveolar 
bone crest. As described previously,13 hemimandibles were 
stained for 1 min in methylene blue (1 g dye/100 mL solution) 
to mark the cementoenamel junction. For each root, the distance 
between the cementoenamel junction and alveolar bone crest 
was measured with the aid of a binocular microscope (magni-
fication, 30×; Carl Zeiss, Essingen, Germany) and a measuring 
scale placed in the ocular. The smallest distance that could be 
appreciated was 40 μm.

Before measurements were made, hemimandibles were 
oriented so that buccal and lingual cusps were superimposed. 
Measurements (in mm) were obtained from the buccal and 
lingual faces of the 3 molars, along the axis defined by each 
root. For each molar, the variable is reported as the average of 
root measurements.

Height of molar crowns. This length was measured on stained 
hemimandibles, between the cementoenamel junction and oc-
clusal border of each cusp, on the buccal view for each molar. 
At any given age, each rat provided 4 to 6 measurements, which 
were averaged.

Analysis of histologic sections. Once excised, the right hemi-
mandibles were soaked in 4% formaldehyde solution for 1 d. A 
carborundum disk then was used to make 2 cuts: medial to the 
first molar and distal to the third. The block comprising the 3 
molars and their surrounding hard and soft periodontal tissues 
were placed for 2 additional days in formaldehyde solution and 
then transferred to an EDTA solution (5.5 g/dL, pH 7.4) at 37 
°C for 6 to 8 wk. After decalcification and paraffinization, the 
portion of mandible with 3 molars was cut at 5 μm, producing a 
total of 300 to 350 sections (sagitally oriented) per sample; these 
sections were mounted on slides and stained with hematoxylin 
and eosin. Osteoclasts were counted (magnification, ×450: Inte-
grator II eyepiece, Carl Zeiss, Essingen, Germany). This eyepiece 
superimposes a reticulum of 90,000 µm2 with 100 points. Areas 
of contact (interproximal and interradicular) between teeth and 
alveolar bone in every tenth section were assessed; the number 
of osteoclasts per 100,000 µm2 was reported.

Statistics and curve-fitting. Data are reported as mean ± SEM, 
and Students t tests and ANOVA were performed to assess the 
significance of differences: P < 0.05.23

Several of the variables we studied exhibited a sigmoidal 
trace. Calculation of the best fit of the data to the Boltzmann sig-
moidal equation allowed us to define the following parameters: 
Ao (weight or length units), initial value; A∞ (weight or length 
units), asymptotic value; POI (weeks), point of inflection; and S, 
slope (the inverse of the slope of the tangent at POI) such that

 Y = Ao + {(A∞ – Ao) / (1 + exp[(POI – weeks) / S)]}

The use of Boltzmann’s equation was prompted by the need 
to define quantitatively the kinetics of the periodontal processes 
that fitted this function. A parameter like the POI was used to 
define whether a process was or was not associated with body 
growth.

We also used 2 other nonlinear functions to fit the data: 
1-component exponential decay,

a black hooded substrain (designated ‘m’) and a black one (the ‘l’ 
substrain). These lines are currently in their 111th generation of 
selective breeding. Their inbreeding coefficient is near maximum.7 
Genetically determined features of the growth of bone mass were 
studied in IIM m/Fm and in IIM e/Fm rats.18

Preparation of hemimandibles. Weekly between ages 2 
through 15 wk, random male IIM/Fm rats were euthanized 
by deep ether anesthesia in a fume hood. The hemimandibles 
were excised, and the right bones underwent processing for 
histology. The left hemimandibles were submerged for 5 min 
in boiling water, defleshed, placed in 3% hydrogen peroxide for 
24 h, dehydrated and defatted in ethyl alcohol, and dried at 37 
°C until their weight stabilized.

Radiographs of hemimandibles. The defleshed left hemimandi-
bles were placed flat on standard dental X-ray film alongside 
an aluminum step-wedge reference and radiographed (70 kV; 
70 mA; focus–film distance, 5 cm; exposure time, 0.8 s). The 
step-wedge standard was built from aluminum pieces (width, 5 
mm; thickness, 1 mm; length, 10 to 40 mm) glued together with 
cyanocrylate. The step-wedge provided reference areas of 1.5 to 
7.0 mg aluminum per square millimeter. The radiographs of the 
hemimandibles (buccal–lingual projection) and the aluminum 
standard were scanned (Genius ColorPage-VRG-v2 scanner; Tai-
pei, Taiwan) to obtain the digital images (resolution, 600 dpi).

Bone densitometry. Measurement of bone mineral content 
was based on a previously published method.14 The absorbance 
of X-rays by alveolar bone and the step-wedge standard were 
measured by using the freeware image-analysis program NIH 
Image.19 Development of films was automated.

The main source of error in the technique comes from vari-
ation in the current passing through the cathode and affecting 
the X-ray spectrum. For each X-ray film, the slope of the line 
generated by dividing the net absorbance of each step of the 
step-wedge (average absorbance of the step of interest minus 
background absorbance) divided by the mass of aluminum at 
the step of interest was calculated (Figure 1 A and B). Films for 
which the step-wedge standard gave slopes below or above the 
range of 0.060 to 0.120 absorbance units as a function of mil-
ligrams of Al per square millimeter were discarded and X-ray 
exposures repeated (Figure 1 C).

The absorbances of various steps (thicknesses) of the alu-
minum step-wedge were compared with those of sections 
(different thickness) of defatted cortical bovine bone. Aliquots of 
these sections were incinerated in a muffle furnace at 500 °C for 
10 h. The bone mineral density of the incinerated samples was 
defined as the ratio between the weight of ashes (in milligrams) 
and the area (in mm2) of the section exposed to X rays. Figure 1 D 
shows the relationship between the aluminum and bone stand-
ards. Bone mineral density (mg/mm2) was calculated as:

  
( )×=

2[0.3445   mass of Al standard  mg /mm ]Bone Mineral density  0.6175
 

Areas of resorption of alveolar bone (radiolucent foci) at in-
terproximal and intraradicular sites were counted, and their 
heights and areas were measured by using the NIH Image 
program.19

Periodontal bone support. The length of molar root within 
periodontal bone was measured from the digital images of 
the radiographs by using NIH Image. The percentage of root 
length that was within alveolar bone (that is, periodontal bone 
support) was calculated as

 [(A – h) /A] × 100%,
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diameter of crowns of the first, second, and third molars (n = 
43) measured 2.04 ± 0.01, 1.40 ± 0.01 and 1.12 ± 0.02 mm, respec-
tively. The diameter of the first molar differed significantly (P < 
0.0001) from those of the second and third.

The mineral density of the crowns increased as a function 
of age. The kinetics of mineralization was similar for the first 
and second molars (Figure 2 A). Although the asymptote of the 
mineral density of the third molar (6.5 ± 2.5 mg/mm2; Figure 
2 B) seems to be greater than those of the first (2.7 ± 0.3 mg/
mm2) and second (3.1 ± 0.4 mg/mm2) molars, the differences 
were not significant.

Periodontal bone support. We present data (averaged for each 
rat) corresponding to the distal root of the first molar and the 
mesial one of the second, because the prominence of these roots in 
the radiographs reduced the likelihood of mistakes during meas-
urement. This variable exhibited a biphasic curve for all molar 
teeth, with a minimum at the fifth week of age (Figure 3 B).

The 2 variables involved in the calculation of PBS—distance 
from the cementoenamel junction (A) and the height of resorp-
tion areas (h)—displayed exponential increases as a function of 
age with significantly different rate constants (Figure 3 A; for A, 
k = 0.34 ± 0.10 wk−1; for h, k = 0.145 ± 0.018 wk−1, P < 0.0001). 
These differing constants explain the biphasic character of the 
curve shown in Figure 3 B.

Increase in the distance from the cementoenamel junction to 
the apex occurred simultaneously with the exponential decay 
in the growth rate of molar crowns as a function of age, with a 
time constant of 0.34 ± 0.10 wk−1 (data not shown). Histologic 

Y = Yo× e–(kt),

and 1-phase exponential association,

Y = Ymax χ (1 – e–kt).

The decay function was used, for example, to fit the distance 
between the occlusal surfaces and the cementoenamel junction 
as a function of age, whereas exponential association was used 
to plot the distance from the cementoenamel junction to apex 
or the height of the resorption area as functions of age.

The best fit of the data to a function was performed with the 
aid of a computer program (GraphPad Prism 2.0, GraphPad 
Software Inc., San Diego, CA.) whose algorithm proceeds by 
iterations until the difference between 2 consecutive sums of 
squares is smaller than 0.01%. To select between 2 different 
functions, that with the higher R2 value was chosen.

Results
Comparison of body weight data estimated by using the 

Parks17 and Boltzmann equations indicate that both yield similar 
results regarding the POI (7.0 ± 1.0 versus 6.7 ± 1.05 wk) and 
asymptote (490 ± 21 versus 417 ± 121 g).

Dentition of young rats. The first and second molars erupted 
earlier than the third (Figure 2). In agreement with the mono-
phyodont character of rodents, the mesiodistal diameter of 
the molar crowns did not change from 2 to 15 wk of age. The 

Figure 1. (A) Radiograph of the hemimandible and the step-wedge aluminum standard. (B) Tracing of the absorbancies along the standard. (C) 
Relationship between the absorbancy units at each step of the standard and its aluminum mass. (D) Relationship between the masses of the 
aluminum standard and the bone-ash content of cortical bovine bone.
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4.5 ± 0.6 wk, and the process reached its plateau at 8 to 10 wk, 
regressing thereafter.

No significant periodontal infiltration with mononuclear 
cells was noted. The active osteoclastic activity in alveolar bone 
that was noted could not be attributed to periodontal disease 
because it occurred during a period of very active bone turnover 
consistent with the most active period of growth. Osteoclasts 
counts did not differ significantly between 3 and 9 wk of age 
(3 wk: n = 4, 36 ± 3 osteoclasts /100,000 µm2; 9 wk: n = 6, 42 ± 4 
osteoclasts /100,000 µm2).

The average mineral density at the resorption areas of alveolar 
bone exhibited a sinusoidal course as a function of age, with 
high goodness of fit (R2 = 0.816). The average mineral density 
was 1.404 ± 0.035 mg/mm2, with an amplitude of 0.317 ± 0.047 
mg/mm2 (Figure 5 C, lower curve).

Discussion
Here we report quantitative data associating periodontal bone 

variables with the growth process investigated in young con-
ventional rats. The sum of periodontal bone areas undergoing 
resorption (interproximal + intraradicular) increased between 3 
and 9 to 10 wk of age and decreased thereafter. The osteoclasts 
counts between 3 and 9 weeks of age, however, showed no 

evidence (not shown) indicated that active and passive processes 
of molar eruption were taking place, allowing correct occlusion 
of molar teeth.

Distance from the cementoenamel junction to alveolar bone 
crest. The data from the lingual view of the molars increased 
along a sigmoidal trace with POIs at 5.7 ± 2.8, 5.7 ± 0.8, and 6.5 
± 1.0 wk for the first, second, and third molars, respectively 
(Figure 4). These POI values did not differ significantly from 
that of body18 or mandibular growth: the statistical significance 
of the comparison of the POI for the first, second, and third 
molars and that for of body growth (6.7 ± 1.5 wk) was 0.726, 
0.292, and 0.858, respectively. The data from the vestibular view 
were always lower than those from the buccal view and did not 
converge to the Boltzmann equation.

Rate of mineralization. The rate of mineralization of the 
hemimandibles followed a sigmoidal trace with a POI at 4.7 ± 
01.4 wk and a plateau of 3.16 ± 0.05 mg/mm2 at 5 wk or 6 wk 
of age (Figure 5 C, upper curve).

Transient prepuberal periodontal bone resorption assessed as 
radiolucent foci. The number of resorption lesions increased 
with age according to a sigmoidal function with plateaus at 1.9 
± 0.06 wk for interproximal and 3.0 ± 0.16 wk for intraradicular 
lesions. The POI of these curves occurred at 4.5 ± 0.5 wk (Figure 
5 A). Visual inspection of radiographs suggested that the sum of 
the areas would be a better indicator of this phenomenon. The 
total area of alveolar bone resorption increased to 9 or 10 wk of 
age and decreased thereafter (Figure 5 B). The POI occurred at 

Figure 2. (A) Mineral density of crowns of first and second molars as a 
function of age. (B) Mineral density of the third molar crown as a func-
tion of age. Note that eruption of the third molar occurs at 4 wk of age. 
Data are given as the mean ± SE of 4 to 6 animals per point.

Figure 3. (A) Growth in the length of the distal (first molar) and mesial 
(second molar) roots (solid squares, averaged for each rat) and height 
of the adjacent resorption areas (solid circles, averaged for each rat) 
as a function of age. (B) Periodontal bone support of the distal (first 
molar) and mesial (second molar) roots (summed and averaged for 
each rat) as a function of age. Data are given as the mean ± SE of 4 to 
6 animals per point.
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In general, growth curves contain an age t´ at which the growth 
rate changes from curving upward (increasing exponentially) to 
curving downward (following the law of diminishing returns). 
As a consequence the function has a POI at t´, when the growth 
rate is maximum. Biologists refer to growth at its maximum rate 
as the growth spurt. There is general consensus that various radi-
cal physiologic changes are occurring at the POI. For example, 

significant differences. The mineral density of resorption areas 
in alveolar bone fitted sinusoidal kinetics, indicative of the 
‘instability’ of the tissue due to its high metabolic activity. In 
addition, periodontal bone support exhibited a biphasic curve 
due to differences in the growth rates of variables involved in 
its calculation. Finally, the distance between the cementoenamel 
junction and alveolar bone crest in male rats changed as a func-
tion of age, in phase with body growth.

Point of Inflection
The POI of a function describing a periodontal process was 

taken as a criterion to associate that process with body growth. 
Because an objective of this investigation was to assess the ef-
fect of the growth process on the periodontal tissue of control 
animals, describing the criteria used to achieve that goal is 
pertinent.

Figure 4. Time course of the length from the cementoenamal junction 
to the alveolar bone crest for the first, second, and third molars as a 
function of age at the lingual (solid squares) and buccal (open circles) 
surfaces. Data are given as the mean ± SE of 4 to 6 animals per point.

Figure 5. (A) Number of bone resorption areas (interproximal, inter-
radicular, and their sum) as a function of age. (B) Time course of the 
total area (measured on the lateral projection of the hemimandible) 
undergoing bone resorption, as a function of age. (C) Time course of 
the calcification of healthy periodontal bone (solid squares) and of fo-
cal resorption areas as a function of age. Data are given as the mean ± 
SE of 4 to 6 animals per point.
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distance between the cementoenamel junction and alveolar 
bone crest is corrected for the height of bone resorption area to 
account for this transient bone resorption phenomenon.

Rat molar teeth erupt concurrent with a high rate of bone 
turnover, characteristic of the most active period of growth.18 
The rate of growth of the distance between the cementoenamel 
junction and alveolar bone crest (Figure 3A, lower curve) was 
significantly (P = 0.0001) slower than that of growth in the 
height of resorption areas (Figure 3A, upper curve). Although 
the junction-to-apex variable approached its asymptote at 15 
wk, that for the resorption variable occurred at approximately 
10 wk. The differences in the rates of growth of these 2 variables 
explain the biphasic character of periodontal bone support as a 
function of age (Figure 3 B).

Distance between the cementoenamel junction and alveolar 
bone crest. The overall results of our current study agree with 
those obtained previously.1 The kinetics regarding the distance 
between the cementoenamel junction and alveolar bone crest 
agreed with those for body growth. In addition, the joint-to-crest 
distance increased with age and was larger on the lingual than 
vestibular view (Figure 4). On the lingual view, the data fitted 
a sigmoidal function with a POI that did not differ significantly 
from that of body growth. We conclude that the joint-to-crest 
distance is associated with body growth in young control rats. 
The data from the vestibular view did not converge to the sig-
moidal function, probably because of large experimental errors 
regarding the lengths measured and number of observations. 
Several theories regarding the differences between the lingual 
and vestibular growth kinetics have been proposed.

Statistically significant differences in modeling and remod-
eling activities occur at the buccal and lingual plates of alveolar 
bone in control animals. In a description of the physiologic drift 
of rat molar teeth in correlation with growth of the maxilla and 
mandible,22 apposition of bone along the mesial alveolar wall 
and resorption of the bone along the distal wall were charac-
teristic for all the molar teeth. In particular, distal drift was 
an intermittent phenomenon, as shown by cyclic reparative 
apposition of bone on the resorbed surfaces with alternating dis-
organization and reorganization of the periodontal membrane. 
Further, the molar teeth not only tilt mesially while migrating 
distally, they also tilt lingually and slightly buccally,4 perhaps 
as a consequence of the daily load imposed by the demands of 
feeding on the bone structure of the mandible and jaw.

In addition, the lingual plate erodes due to feeding.30 Incised 
food particles are transported toward the molars by means 
of coordinated jaw and tongue movements. The prominent 
palatal rugae of the diastemal region facilitate this process. The 
lingual components may enhance grinding efficiency, particu-
larly during the anterior power stroke. A movable symphysis 
appears to be of critical importance in facilitating this type of 
mastication.

Rate of mineral acquisition. The rate of mineral acquisition 
by the hemimandible followed a sigmoidal trace with a POI 
consistent with that of body bone mass.18

Transient periodontal bone resorption in young rats. X-ray 
densitometry yields a high ratio of quality of information to 
cost, given the small volume of periodontal bone (approximately 
18 mm3 at 15 wk of age, 7% of total hemimandibular volume) 
involved and the excellent quality of the digital images obtained. 
Our X-ray densitometric studies revealed transient periodontal 
bone resorption, a phenomenon that receded spontaneously. 
Alveolar bone is unique in its increased rate of metabolism, 
which for any given age, exceeds that of diaphyses of long 
bones.20 Alveolar bone is in a constant state of flux with regard 

t´ can mark sexual maturation, when the animal changes from 
the vegetative to the procreative phase.6 An alternative view is 
that before the POI, anabolic processes in the body are of greater 
intensity than the catabolic ones; the opposite occurring after the 
POI.5 On these grounds, we use the POI of the function fitting the 
data of a periodontal process to qualify it as either independent 
or associated with the body growth process.

The growth and development of the animals involved in the 
current study, assessed with the Parks law of ad libitum feeding 
and growth,17 have been published elsewhere.18 Use of the Parks 
equation requires weekly measurements of body weight and 
food intake. Because it does not require measurement of food 
intake, we used the Boltzmann equation to estimate the POIs 
of periodontal processes. The fact that the dry weight of the 
hemimandible exhibited a POI at 5.8 ± 2.2 wk (n = 43), strongly 
suggests that overall hemimandibular growth is harmonic with 
body growth (7 ± 1 wk 18).

As reported in the literature,11 the presence of hair or bedding 
material at the most-coronal portions of the papilla or within the 
epithelium and the subepithelial connective tissue of gnotobiotic 
rats is the cause of nonbacterial periodontal disease. In contrast, 
our histologic review revealed no evidence of this phenomenon, 
indicating that keeping young rats in hanging wire cages under 
strict hygienic conditions successfully avoided that confounding 
factor in this population.

Characteristics of the molar teeth and mastication. Because 
rats have single dentition, the diameter of molar teeth re-
mained constant throughout their lives. The mineral density 
of the crowns of the first and second molars, measured in the 
vestibular–lingual projection, increased as a function of time 
with similar rates and asymptotes. Irrespective of the age of the 
animal, matrices mature and mineralize after their synthesis.25 
Eruption of the first and second molars occurs at the second week 
of life and cooperates with the intake of solid food at this stage. 
The third molar, on the other hand, erupts at the fourth week of 
age, when the animals are weaned and receive solid food.

In an alternative explanation for the different characteristics of 
the third molar, the mandible can be considered a simple, sagit-
tally oriented second-class lever, with the jaw joint as a fulcrum.26 
This disposition decreases the force needed to ground hard food 
by a factor of 3 or 4. The progressive reduction in diameter of 
first to third molar teeth progressively increases in the pressure 
exerted on food particles at occlusion. The higher mineral content 
of the third molar can be interpreted as an improvement in the 
ability to chew foods of different degrees of hardness.

Measurement of periodontal bone support. The rate of tooth 
eruption is always faster than the concomitant rate of bone 
apposition at the alveolar crest.4 The occlusobuccally erupting 
and distally shifting molars emerge from their sockets over 
time and, as a consequence, the distance between the alveolar 
bone crest and cementoenamel junction increases. Evidence 
suggests that molars continue to erupt and the alveolar process 
continues to grow in height throughout most of a rodent’s life.1 
As expected, the hardness of food caused erosion of occlusal 
surfaces and the height of the length oclusocervical surface of 
molar crowns decreased as a function of time (Figure 3 A). In 
our rats eruption approached its asymptote at approximately 15 
wk of age. Two well-known phenomena affect periodontal bone 
support: active eruption beginning at 2 wk of age and passive 
eruption produced by apposition of cement at the root apex, 
which compensates for attrition of occlusal surfaces (Figure 3 
B, upper curve). Periodontal bone disease, if present, is a third 
phenomenon that has to be considered. Correct estimation of 
periodontal bone support requires that measurement of the 
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to height, contour, and density in response to forces exerted 
upon it. As a tooth migrates, the lingual side of the socket is in 
continuous bone formation, whereas the opposite side shows 
cyclic resorption and formation within small foci.10,27 The use 
of dynamic histomorphometric techniques have shown that the 
remodeling cycle lasts 6 d (1.5 d for bone resorption, 3.5 d for 
reversal, and 1 d formation),29 thus explaining the permanent 
instability of alveolar bone.31

The kinetics of the overall bone resorption phenomenon was 
assessed in the current study through the sum of radiolucent 
areas observed in radiographs of the hemimandibles. The POI 
of this variable occurred at 4.5 ± 0.6 wk, significantly earlier (P 
= 0.035) than the POI for overall growth (7 ± 1 wk).18 Because 
the osteoclasts counts in alveolar bone did not increase between 
3 and 9 wk of age, the sinusoidal time course of bone mineral 
density at the resorption areas is consistent with the reported 
intense metabolic activity of periodontal bone tissue29 and fo-
cused our attention on nonosteoclastic bone resorption.

Osteoclastic activities depending on matrix metalloprotei-
nases contribute prominently to bone matrix solubilization in 
specific areas of the skeleton and in some developmental and 
pathological situations.8 The fact that none of the matrix metal-
loproteinases identified in osteoclasts thus far appear limiting 
for resorption supports the hypothesis that the critical enzyme 
for bone solubilization is produced by nonosteoclastic cells.12 
The fibroblast-like cells that develop at the bone surface dur-
ing aseptic prosthesis loosening are capable of resorbing bone 
without the help of osteoclasts.16 These fibroblasts acquire their 
ability to degrade bone early during differentiation and, on 
stimulation, release acidic components that lower the pH of 
their pericellular milieu. In vitro, the secretion products of these 
fibroblasts were active in degrading dentin, albeit at a lower 
rate (that is, 17% to 50%) than that of osteoclasts under similar 
experimental conditions. In agreement with these data, cells 
harvested from bone marrow, cultured in vitro, and express-
ing a monocyte–macrophage phenotype (but not osteoclastic 
markers) can cause bone resorption.24 The amassed information 
suggests that monocytes–macrophages play a direct role in 
osteolysis through cathepsin-K–associated proteolytic degrada-
tion of bone matrix. Whether nonosteoclastic resorption occurs 
at the periodontium of growing rats and participates in the 
adaptation of periodontal structures during the growth period 
requires further research.
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