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ABSTRACT

Aim: The aims of this study were to compare the level of MMP activity in primary teeth in
coronal vs. pulpal dentin, teeth with no less than % of the root resorbed (high resorption) vs.
teeth with no more than % of the root resorbed (low resorption) and teeth tested immediately vs.

teeth tested after 2-month storage.

Materials and Methods: 64 exfoliated/extracted human primary posterior teeth were obtained

(32 teeth from each category: 1- low resorption, 2- high resorption). Each group was divided into
two subgroups of 16 teeth, with each subgroup demonstrating a different storage time. Two
pieces of sound dentin 2 mm by 2 mm were cut, one from the coronal dentin and one from pulpal
dentin from each tooth. Their weights and volumes were recorded. For all of the teeth in the
storage group, 32 coronal slices and 32 pulpal slices were stored in an artificial saliva for 2
months at 37°C, each slice separately. For the other group, the slices were tested for MMP
activity immediately. The total MMP activity was determined by measuring the fluorescence

intensity at EX/Em=490 nm/520 nm in a plate reader against blanks.

Results: For the immediate testing group, when including observations from both pulpal dentin
and coronal dentin, the median (IQR) of the teeth with low resorption was 2081.9 (568.2,
3169.0), while the median (IQR) of the teeth with high resorption was 1105.9 (335.7, 1702.0).
Furthermore, when including observations with immediate testing from both the teeth with low

resorption and the teeth with high resorption, the median (IQR) of the pulpal dentin was 1285.7



(555.7, 3880.5), as opposed to 1186.5 (469.7, 2124.1) for the coronal dentin. The generalized
linear mixed models (GLMM) for the immediate testing case (including both root resorption
group and dentin position in the model) showed no significant difference in the MMP activity
between the teeth with low resorption and the teeth with high resorption (p = 0.288) and the
coronal and pulpal dentin (p = 0.169). After 2 months of storage, the median (IQR) of the teeth
with low resorption was 322.9 (97.9, 1525.7), while the median (IQR) of the teeth with high
resorption was 320.7 (51.7, 1308.5). Furthermore, when including observations stored for 2
months from both the teeth with low resorption and the teeth with high resorption, the median
(IQR) of the pulpal dentin was 331.1 (93.4, 1470.8), as opposed to 303.0 (62.1, 1401.9) for the
coronal dentin. The generalized linear mixed models (GLMM) for the 2 months of storage case
(including both root resorption group and dentin position in the model) showed no significant
difference in the MMP activity between the teeth with low resorption and the teeth with high

resorption (p = 0.687) and the coronal and pulpal dentin (p = 0.987).

Conclusion: The overall MMP activity is not significantly different between teeth with no less
than ¥ of the root resorbed (high resorption) and teeth with no more than % of the root resorbed
(low resorption), and between coronal and pulpal dentin either tested immediately or after

storage.
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The Relation between Matrix Metalloproteinase Activity in
Different positions of Dentin in Primary Teeth and its Relation to

Root Resorption



INTRODUCTION

Matrix Metalloproteinases (MMPs) in Dentin:

Dentin is a collagen-dependent mineralized tissue made up of inorganic apatite
crystallites embedded in an extracellular matrix (ECM). The primary component of the ECM
dentin is type-I collagen and accounts for about 90% of organic matter. The remaining 10%
matrix of non-collagenous proteins includes proteoglycans, phospholipids, and enzymes.
Matrix metalloproteinase is one of the dentin enzymes that has physiological and

pathological roles in the dentin.

The matrix of metalloproteinases (MMPSs) belongs to a protease family which plays a role
in many important biological processes. ?2 The presence of MMP-2, -8, -9, and -20 in
human dentin was established in previous studies. *5 Odontoblast-expressed dentinal MMPs
are involved in the framing and mineralization of dentinal tissues during dentinogenesis. ©
The MMPs are closely associated with the dentin collagen fibrils and are inactivated as the

dentin mineralizes as it matures.

The tooth eruption cycle involves extensive degradation and rearrangement of component
extracellular matrix (ECM). Remodeling of ECM in periodontal tissues is not understood, but
it may be regulated by balancing the production and degradation of ECM molecules by
matrix metalloproteinases (MMPSs) with inhibition of MMPs by metalloproteinase inhibitors

(TIMPs) during tooth eruption.



A drop in pH is known to cause the dentine to be demineralized. The collagen fibrils are
released along with the MMPs, while the dentin is demineralized. If the pH drops below 5.5,
the MMP protein conformation is converted into a more active state. Although MMP protein
activation occurs at a lower pH, the MMPs are more stable at a higher pH. By adding the acid
monomers, both MMPs and cysteine cathepsins are activated and may be involved in a time-
dependent degradation of the hybrid layer. ® The development and progression of carious
lesions and the reactivation of MMPs in dentin may also result in the deterioration of the

dentinal matrix as alternating cycles of high and low pH are observed. ¢

More recent studies have demonstrated the role of MMPs in degrading the interface
between dentin and resin and have tested various methods to reduce this effect. 1-1%)
When dentin is acid etched with phosphoric acid, the dentinal MMPs are activated, and
breakdown of the hybrid layer can result, which affects the restoration longevity. Higher
collagenolytic activity was found in deciduous teeth compared to permanent teeth which
increased the production and expression of MMPs and decreased the micro tensile bond
strength in resin restorations. * The middle portion of the coronal dentin in permanent teeth
is harder than in primary teeth, due to the lower concentration of calcium and phosphate in
peritubular and intertubular dentin, making primary teeth more sensitive to acidic

conditioners. 1®

The activation of MMP-2, MMP-8, and MMP-9 has been shown to play a significant role
in the collagen breakdown of carious lesions in dentin. ") Therefore, caries arrest can require

the inhibition of MMP activities. 8 The most widely used inhibitor is chlorhexidine



digluconate, which effectively inhibits MMP-2, -8, and -9, as well as cysteine cathepsins.
Bond strength was preserved, and interfacial degradation was minimized when chlorhexidine

was used even at concentrations as low as 0.2 percent. 1%

Physiologic Root Resorption of Primary Teeth:

Physiological root resorption is an unclear process that happens in primary teeth and
causes exfoliation of those teeth, but only in permanent teeth when pathological conditions
exist. @9 Pressure from erupting permanent teeth causes physiological resorption of primary

teeth, which is regulated by the dental follicle of the underlying permanent tooth. 1)

The morphological and histochemical properties of odontoclasts and osteoclasts are quite
comparable. As a result, MMP expression in odontoclasts suggests that MMP may play a role

in odontoclastic root resorption mechanisms. ©2

MMP-2 and MMP-13 transcripts were shown to be expressed in bovine root-resorbing
tissues in prior studies. As a result, during physiological root resorption, odontoclasts may
contribute to matrix degradation by activating these MMPs in root-resorbing tissue. ¢2
There are various proteins that play an important role in the process of physiological root
resorption of the deciduous teeth, and they occur in greater quantities in the primary teeth.
The expression MMP-9 was found in odontoclasts during root physiological resorption. ¢%
An earlier study found that osteoclasts grown on deciduous dentin had higher levels of
cathepsin K and MMP-9 mRNA, osteoclasts markers, and higher rates of resorption than

osteoclasts grown on permanent dentin. ¢4



The results of this study will help the clinician to understand the relation between the
level of MMP activity in different positions of the dentin and the amount of root resorption in
primary teeth depending on modified Moorrees stages in determination of a child's age

(Figure 1).



AIM AND HYPOTHESIS

Aim:

The aims of this study were to compare the level of MMP activity in primary teeth in the

following:

1. Coronal vs. pulpal dentin.
2. Teeth with no less than % of the root resorbed (high resorption) vs. teeth with no
more than ¥4 of the root resorbed (low resorption).

3. Teeth tested immediately vs. teeth tested after 2-month storage.

Hypothesis:

This study hypothesized that the level of MMP activity observed in the cervical dentin of
primary teeth would be greater than the level observed in the coronal dentin, and the level of

MMP activity in teeth with high resorption be greater than teeth with low resorption.

Significance:

In the process of physiological root resorption of the primary teeth, there are different
proteins that play an important role and appear in greater amount in the primary teeth. The
results of this study will help the clinician understand the relation between the level of MMP
activity in different positions of the dentin and the root resorption of the primary teeth, which
will also help to determine the strategies needed to increase the longevity of the restorations

by inhibiting the MMPs present in the dentine collagen.



MATERIALS AND METHODS

This in vitro study was conducted in the Gavel Laboratory, Tufts University School
of Dental Medicine (TUSDM), Boston, MA, USA. 64 exfoliated/extracted human primary
posterior teeth were obtained (32 teeth from each category: 1-no more than ¥ of the root
resorbed (low resorption) (Figure 2-a), 2- no less than % of the root resorbed (high
resorption) (Figure 2-b)). A container of water/bleach solution was kept in a secure area
within the pediatric department for extracted and exfoliated teeth to be collected during the
day. An investigator picked them up daily and transported them for storage and the
disinfection process in the Gavel Lab. Collected teeth were wiped and cleansed of residual
tissues adhered to the tooth with a 2*2 piece of gauze, and the teeth were stored in 10%
bleach solution for 5 days within the IBC disinfection approved Gavel Lab. Teeth were
collected in a de-identified manner with no way to link the teeth to the patient they came

from.

Inclusion Criteria:

e Sound or minimally carious (where we can obtain two pieces of 2 mm x 2 mm of sound
dentin) normal primary posterior teeth.

Exclusion Criteria:

e Abnormal teeth (presence of any developmental enamel or dentinal defect)

e Teeth with extensive caries or no sound dentin.

64 teeth were divided into 2 groups of teeth according to the amount of root resorption

and were prepared as the following:



e Group A: Primary posterior teeth with low resorption.

e Group B: Primary posterior teeth with high resorption.

Each group was divided into two 16-tooth subgroups, with each subgroup exhibiting a
different storage duration (Figure 3), as follows:
e A-1, B-1: were prepared and tested immediately.

o A-2, B-2: were prepared, stored for two months then tested for MMP.

Sample preparation and manipulation

Each tooth was prepared as follows: A cylindrical plastic mold was positioned at
the top of the table with the cap at the bottom to hold the acrylic resin material, which was
poured into the mold until desired coverage was obtained. The tooth was pressed into the
resin with the apical surface facing down until it reached the mold's lid, and the mounted
samples were removed as soon as the resin had set (Figure 4). Each tooth’s occlusal surface
was cut with a saw IsoMet 1000 (Buehler, Lake Bluff, IL, USA) under water cooling
exposing a flat surface of sound occlusal dentin (Figure 5). Two pieces of sound dentin 2
mm by 2 mm were cut, one from the coronal dentin and one from pulpal dentin (Figure 6).
For all of the teeth in the storage group, 32 coronal slices and 32 pulpal slices were stored
in an artificial saliva for 2 months at 37°C (Figures 7-8), each slice separately. The artificial
saliva contained (mmol/L): CaCl2.2H.0O (1.0), MgCl2.6H.O (0.2), KH2PO4 (4.0), KCI
(30.0), NaHCOs (0.3). The storage solution was changed weekly to minimize
contamination. For the other subgroups (A-1 and B-1), the slices were tested for MMP

activity immediately.



2-

MMPs Activity Assay

Two dentin pieces (coronal and pulpal) were cut from each tooth in each subgroup.

Their weights and volumes were recorded.

The dentin sections were etched at each time point by dipping them in 35 percent
phosphoric acid for 20 seconds and then rinsing them thoroughly with water (Figure 9).
Following the treatment, each piece was immersed in 50 uL of a generic MMP substrate
solution (Sensolyte Generic MMP Fluorimetric assay kit - catalog No. 71158, AnaSpec
Inc. Fremont, CA) for 60 min in a 96-well plate (Figure 10-11). Fluorescence intensity was
recorded every 20 minutes. At the end of 60 min, the total MMP activity was determined
by measuring the fluorescence intensity at EX'Em=490 nm/520 nm in a plate reader
(Fluoroskan Ascent FL Thermo Labsystems, Finland) (Figure 12) against blanks. The Kit
utilized in this study detects MMP-1, 2, 3, 7, 8, 9, 12, 13, and 14 by employing a 5-
FAM/QXLTM520 FRET peptide as a substrate and monitoring its fluorescence at

ExX/Em=490 nm/520 nm after proteolytic cleavage.

Sample Size Determination

A sample size calculation was conducted using the software nQuery Advisor (v.
7.0) (Statistical Solutions Ltd., Cork, Ireland). The calculation determined the sample size
required for the comparison of teeth with low resorption vs. high resorption in terms of
MMP in coronal dentin (immediate testing condition), which was considered the primary

comparison of the study. The effect size for the calculation was based on the results of a



pilot study. A sample size of n = 16 teeth per group was determined to be sufficient to

obtain a power of 80% in conjunction with a Type I error rate of 5%.

Statistical Analysis

Data were analyzed using descriptive statistics: means, standard deviations,
medians, and inter-quartile ranges. Normality of the data was assessed with the Shapiro-
Wilk test, and significant non-normality was found (p < 0.05). Accordingly, the
Wilcoxon signed-rank test was used for comparisons of two groups with matched data,
and the Mann-Whitney U test was used for comparisons of two groups with unmatched

data.

In addition, generalized linear mixed models (GLMMs) were used to
simultaneously compare the MMP activity in different dentin positions (pulpal and
coronal) and in teeth with different amounts of root resorption. Two separate GLMMs
were fit, one for the immediate testing condition and one for the condition with 2 months
of storage. Based on the Akaike information criterion (AIC), the lognormal distribution
was used in each GLMM. The data were analyzed via the PROC GLIMMIX procedure in
SAS®9.4 (SAS Institute Inc., Cary, NC, USA). P-values less than 0.05 were considered

statistically significant.
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RESULTS

1- MMP Activity with Immediate Testing:

After one hour of running the MMP enzymatic reaction, the median (IQR) MMP
activity for every milligram of pulpal dentin from the teeth with high resorption with
immediate testing was 1285.7 (528.6, 4565.2), as opposed to 596.5 (239.6, 1431.7) for
coronal dentin. The Wilcoxon signed-rank test showed that the MMP activity of the pulpal
dentin was significantly higher than the MMP activity of the coronal dentin (p = 0.026)

(Table 1).

For the teeth with low resorption, the median (IQR) MMP activity for every
milligram of pulpal dentin with immediate testing was 1461.2 (555.7, 3521.0), and the
median (IQR) MMP activity of coronal dentin was 2081.9 (711.7, 3169.0). The Wilcoxon
signed-rank test showed no significant difference in MMP activity between the pulpal and

coronal dentin of the teeth with low resorption (p = 0.959) (Table 1).

When comparing the coronal dentin of the teeth with low resorption and teeth with high
resorption with immediate testing, the Mann-Whitney U test showed that the MMP activity
of the coronal dentin from the teeth with low resorption was significantly higher (p = 0.007)
(Table 1). However, when we compared the pulpal dentin of the teeth with low resorption
and teeth with high resorption with immediate testing, the Mann-Whitney U test showed no
significant difference in the MMP activity between the two groups (p = 0.706) (Table 1)

(Figure 13).

2- MMP Activity After 2-Month Storage:

11



After one hour of running the MMP enzymatic reaction, the median (IQR) MMP activity
for every milligram of pulpal dentin from the teeth with high resorption was 397.9 (42.2,
1308.5), as opposed to 303.0 (54.1, 1872.2) for coronal dentin. The Wilcoxon signed-rank
test showed no significant difference in the MMP activity between the pulpal and coronal

dentin from the teeth with high resorption (p = 0.796) (Table 2).

For the teeth with low resorption, the median (IQR) MMP activity for every milligram of
pulpal dentin was 322.9 (99.1, 1525.7), and the median (IQR) MMP activity of coronal
dentin was 357.7 (86.0, 1399.0). The Wilcoxon signed-rank test showed no significant
difference in the MMP activity between the pulpal and coronal dentin of this group (p =

0.469) (Table 2).

When comparing the MMP activity of the coronal dentin of the teeth with low resorption
and teeth with high resorption after 2 months of storage, the Mann-Whitney U test showed no
significant difference in the MMP activity between the two groups (p = 0.851) (Table 2).
Also, when we compared the MMP activity of the pulpal dentin of the teeth with low
resorption and teeth with high resorption after 2 months of storage, the Mann-Whitney U test
showed no significant difference in the MMP activity between the two groups (p = 0.522)

(Table 2) (Figure 14).

3- MMP Activity of Teeth with no More than ¥ of the Root Resorbed (Low

Resorption):

After one hour of running the MMP enzymatic reaction, the median (IQR) MMP activity

for every milligram of coronal dentin from the teeth with low resorption with immediate

12



testing was 2081.9 (711.7, 3169.0), and the median (IQR) MMP activity after 2 months of
storage was 357.7 (86.0, 1399.0). The Mann-Whitney U test showed that the MMP activity
of the coronal dentin from the teeth with low resorption with immediate testing was

significantly higher than the MMP activity after 2 months of storage (p = 0.004) (Table 3).

Regarding the pulpal dentin from the teeth with low resorption, the median (IQR) of
MMP activity with immediate testing was 1461.3 (555.7, 3521.0), whereas after 2 months of
storage it was 322.9 (99.1, 1525.7). The Mann-Whitney U test showed that the MMP activity
of the pulpal dentin from the teeth with low resorption with immediate testing was

significantly higher than the MMP activity after 2 months of storage (p = 0.046) (Table 3).

4- MMP Activity of Teeth with no Less than % of the Root Resorbed (High

Resorption):

After one hour of running the MMP enzymatic reaction, the median (IQR) MMP
activity for every milligram of coronal dentin from the teeth with high resorption with
immediate testing was 596.5 (239.6, 1431.7), and the median (IQR) MMP activity after 2
months of storage was 303.0 (54.1, 1872.2). The Mann-Whitney U test showed no significant
difference in the MMP activity between the coronal dentin of the teeth with high resorption

that were tested immediately and after 2 months of storage (p = 0.572) (Table 4).

Regarding the pulpal dentin from the same groups of teeth, however, the median (IQR)
MMP activity with immediate testing was 1285.7 (528.6, 4565.2), and after 2 months of

storage was 397.9 (42.2, 1308.5). The Mann-Whitney U test showed that the MMP activity

13



of the pulpal dentin from the teeth with high resorption with immediate testing was

significantly higher than the MMP activity after 2 months of storage (p = 0.014) (Table 4).

5- Overall Relationship Between the Amount of Root Resorption and MMP Activity,

and Between Dentin Position and MMP Activity (Immediate Testing Group):

Overall, when including observations from both pulpal dentin and coronal dentin, the
median (IQR) of the teeth with low resorption was 2081.9 (568.2, 3169.0), while the median
(IQR) of the teeth with high resorption was 1105.8 (335.7, 1702.0) in the immediate testing
group. Furthermore, when including observations with immediate testing from both the teeth
with low resorption and the teeth with high resorption, the median (IQR) of the pulpal dentin
was 1285.7 (555.7, 3880.5), as opposed to 1186.5 (469.7, 2124.1) for the coronal dentin. The
GLMM for the immediate testing case (including both root resorption group and dentin
position in the model) showed no significant difference in the MMP activity between the
teeth with low resorption and the teeth with high resorption (p = 0.288). It also showed no
significant difference in the MMP activity between the coronal and pulpal dentin when tested

immediately (p = 0.169). (Table 5).

6- Overall Relationship Between the Amount of Root Resorption and MMP Activity,

and Between Dentin Position and MMP Activity (2 Months of Storage Group):

Overall, when including observations from both pulpal dentin and coronal dentin, the
median (IQR) of the teeth with low resorption was 322.9 (97.9, 1525.7), while the median
(IQR) of the teeth with high resorption was 320.7 (51.7, 1308.5) after 2 months of storage.

Furthermore, when including observations stored for 2 months from both the teeth with low

14



resorption and the teeth with high resorption, the median (IQR) of the pulpal dentin was
331.1 (93.4, 1470.8), as opposed to 303.0 (62.1, 1401.9) for the coronal dentin. The GLMM
for the 2 months of storage case (including both root resorption group and dentin position in
the model) showed no significant difference in the MMP activity between the teeth with low
resorption and the teeth high resorption (p = 0.687) (Table 5). It also showed no significant
difference in the MMP activity between the coronal and pulpal dentin when tested after two

months of storage (p = 0.987). (Table 5).
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DISCUSSION

In this in vitro study, primary molars were used to compare the amount of MMP
activity in different dentin positions, coronal and pulpal, and with different level of root
resorption. The MMP activities were tested in a group of teeth immediately and another
group after two months of storage. All dentin pieces, coronal and pulpal, from teeth with
low resorption and teeth with high resorption, showed positive MMP activity, whether
tested immediately or after 2 months storage. These tests confirmed that primary teeth are
capable of releasing MMPs regardless of the dentinal position, the amount of the root

resorption and the time of the test.

In this study, a significant difference was found between coronal and pulpal
dentin in the immediate testing condition, from teeth with high resorption, where pulpal
dentin had more MMP activity. The reason could be that some MMPs such as 2, 9, and
13 were present along the dentin surface of a resorbing root. ??26) Moreover, MMP
production in response to bone resorptive agents is largely responsible for the proteolytic

phases of bone resorption. ¢"

Comparing coronal dentin from teeth with different amount of root resorption, we
found that coronal dentin from teeth with low resorption had significantly more MMP
activity than coronal dentin from teeth with high resorption in the immediate testing
condition. As a potential explanation for this finding, it was previously proven that
MMP-2 immunoreactivity was found in the inner 200 um of the dentin (near predentin)
and the outer 10 um (next to the DEJ) in immunohistochemical investigations of human

coronal dentin in permanent teeth. ?® Also, the presence and concentration of MMP-2 in
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human coronal dentin varies with age, with lower levels of presence and quantity as

people get older, which was the case in this group of teeth from an early age. ?% 39

In the immediate testing condition, both coronal and pulpal slices from teeth with
low resorption and teeth with high resorption showed higher median MMP activity than
the stored slices. However, it was not always significant. An explanation for that could be

the use of 10% NaOCI as a disinfection, which known to decrease the level of MMP. @D

When comparing the MMP activity in teeth with low resorption and teeth with
high resorption regardless of the dentin position, the result was not significant. However,
it was confirmed in a previous study that MMP-2 and MMP-9 are involved in root
resorption caused by orthodontic tooth movement, 2 and they take an active role in

initial tooth root resorption. 3

Regarding our overall results of MMP activity in different dentin positions when
combining the data from the resorption conditions, pulpal dentin had a higher median
MMP activity without a statistically significant difference. However, as previously
confirmed, MMP activity in pulpal dentin is higher than coronal dentin because the
crown is formed before the roots. ¢4 Also, MMP-2 was shown to have more activity in

pulpal dentin than coronal dentin. ¢

In the present study, 10% bleach (NaOCI) was used as a disinfectant for the
extracted teeth for 5 days, which had not been used before in a study aimed directly to
evaluate MMP activity. It is known to be effective in decreasing the MMP-8 and MMP-9

levels in root canals when used as an intracanal medicament. ®% The capacity of NaOCI

17



to remove the organic components of the dentin is proportional to its concentration and

duration. (3637, 38)

This study had some limitations. First, it was an in-vitro study; therefore, the
precise intraoral conditions were not replicated. However, using artificial saliva as a
storage medium at 37°C helped to simulate the oral environment and be compared to past
research. Second, the use of 10% bleach as a disinfectant agent for 5 days could affect the

accuracy of the results by decreasing the MMP activity.

Future studies may possibly help to define the different types of MMPs that are
associated with root resorption and in different dentin positions. Also, the use of a
different disinfectant is recommended to confirm the difference of MMP activity in

different dentin positions and its relation to root resorption.
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CONCLUSION
Within the limitations of this in vitro study, we concluded that the overall MMP
activity is not significantly different between teeth with no less than % of the root
resorbed (high resorption) and teeth with no more % of the root resorbed (low resorption),
and between coronal and pulpal dentin either tested immediately or after storage.
However, in the immediate condition it is significantly higher in pulpal dentin in teeth
with high resorption. In coronal dentin tested immediately, MMP activity is significantly

higher in teeth with low resorption than in teeth with high resorption.

Based on this study, it is important to consider the amount of root resorption when
restoring a primary tooth, to choose a type of restoration with high longevity and inhibit

the MMPs present in the dentine collagen.
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Table 1: Results of comparisons of MMP activity between teeth with no more
than ¥ of the root resorbed (low resorption) and teeth with no less than % of
the root resorbed (high resorption) at different dentin positions with
Immediate testing:

Coronal Pulpal P-
- 5 value
Mean SD Median | IQR Mean SD Median | IQR
Teeth with
high 239.6, 528.6,
resorption 778.0 | 623.2 | 596.5 £431.7) 3283.8 | 4732.5 | 1285.7 5,565.2) 0.026*
(n=16)
Teeth with
low 711.7, 555.7,
resorption 2722.2 | 3290.1 | 2081.9 :§169.0) 2214.9 | 2356.1 | 1461.2 :,5521'0) 0.959*
(n=16)
P-value 0.007** 0.706**

* P-value obtained from the Wilcoxon signed-rank test.

** P-value obtained from the Mann-Whitney U test.
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Table 2: Results of comparisons of MMP activity between teeth with no more
than ¥ of the root resorbed (low resorption) and teeth with no less than % of
the root resorbed (high resorption) at different dentin positions after 2 months
of storage:

Coronal Pulpal p-
; - value
Mean SD Median IQR Mean SD Median IQR
Teeth with
high 54.1, 42.2,
resorption 1136.2 | 1777.4 | 303.0 1(872.2) 7276 | 884.2 | 397.9 1(308.5) 0.796*
(n=16)
Teeth with
low 86.0, 99.1,
resorption 661.3 | 723.5 357.7 1(399.0) 994.2 | 1338.4 | 322.9 1(525.7) 0.469*
(n=16)
| P-value 0.851** 0.522**

* P-value obtained from the Wilcoxon signed-rank test.

** P-value obtained from the Mann-Whitney U test.
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Table 3: Results of comparisons of MMP activity between teeth with

Immediate testing and teeth stored for 2 months, among those with no more
than ¥, of the root resorbed (low resorption) and at different dentin positions:

Coronal
P-value
Mean SD Median IQR
Immediate | 7055 | 3200.1 2081.9 (711.7, 3169.0)
(n=16)
After 2 0.004*
months of_ 661.3 7235 357.7 (86.0, 1399.0)
storage (n=
16)
Pulpal
P P-value
Mean SD Median IQR
Immediate | 25149 | 2356.1 14613 (555.7, 3521.0)
(n=16)
After 2 0.046*
months of | g945 | 1338.4 322.9 (99.1, 1525.7)
storage (n=
16)

* P-value obtained from the Mann-Whitney U test.
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Table 4: Results of comparisons of MMP activity between teeth with
Immediate testing and teeth stored for 2 months, among those with no less
than % of the root resorbed (high resorption) and at different dentin positions:

Coronal
P-value
Mean SD Median IQR
Immediate
(n= 16) 778.0 623.2 596.5 (239.6, 1431.7)
After 2 0.572*
months of | 41365 | 1777.4 | 303.0 (54.1,1872.2)
storage (n=
16)
Pulpal
P-value
Mean SD Median IQR
Immediate | 35538 | 47325 | 12857 (528.6, 4565.2)
(n=16)
After 2 0.014*
months of | 776 | 8842 | 397.9 (42.2,1308.5)
storage (n=
16)

* P-value obtained from the Mann-Whitney U test.
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Table 5: Overall Relationship between the amount of Root Resorption and
MMP Activity, and between Dentin Position and MMP Activity (immediate
testing and after 2 months of storage):

Immediate After 2 months of storage

Mean SD Median IQR Mean SD Median IQR

Teeth with high

Ith higr (335.7, (517,
resor%tzlt))n (n= | 20309 | 3556.0 | 1105.9 1702.0) 931.9 | 1396.4 | 320.7 1308.5)
Teeth with low
/1th Jow (568.2, (97.9,
resorp3t2|§)n (n= | 24685 |2826.7 | 2081.9 3169.0) 827.8 | 1071.7 | 322.9 1525.7)
P-Value 0.288* 0.687**

Mean SD Median IQR Mean SD Median IQR

_ (469.7, (62.1,
Coronal (n=64) | 17501 | 25300 | 11865 | 51, | 8988 | 13565 | 3030 | \yo-)
_ (555.7, (93.4,
Pulpal (n=64) | 27493 | 3717.3| 12857 | soor's) | 8609 | 11240 | 33L1 | jro
P-Value 0.169* 0.987**

* P-value obtained from the generalized linear mixed model (GLMM) including only the data from the
immediate testing condition.

** P-value obtained from the GLMM including only the data from the two months’ storage condition.
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Figure 1: Stages of root resorption for primary teeth used by Moorrees in determination
of a child's age. A representative single-rooted tooth is shown on the left and a
multirooted tooth on the right. %)
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Figure 2-a: Teeth no more than ¥ of the root resorbed (low resorption)

Figure 2-b: Teeth no less than % of the root resorbed (high resorption)
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Figure 3: Sample Classification




Figure 4: Sample preparation

Figure 5: IsoMet 1000 (Buehler, Lake Bluff, IL, USA)
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Coronal Dentin

Pulpal Dentin

Figure 6: Pieces of dentin that were cut from teeth for MMPs activity testing

Figure 7: Plate used for dentin pieces storage
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Figure 8: Incubator were sample stored for 37°C for 2 months
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Figure 9: Etching and rinsing dentin pieces

Figure 10: Sensolyte Generic MMP Fluorimetric assay Kit
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ACES NUMBER
A = 118519

Figure 12: Fluoroskan Ascent FL Thermo Labsystems
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Figure 13: Side-by-side boxplots showing the relative fluorescence unit (RFU) (an indicator of
the amount of MMP enzymatic reaction) of teeth with no more than % of the root resorbed (low
resorption) and teeth with no less than % of the root resorbed (high resorption) at different dentin
positions with immediate testing.
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Figure 14: Side-by-side boxplots showing the relative fluorescence unit (RFU) (an indicator of
the amount of MMP enzymatic reaction) of teeth with no more than ¥ of the root resorbed (low
resorption) and teeth with no less than % of the root resorbed (high resorption) at different dentin
positions after 2 months of storage.
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