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Objective: This study was conducted to assess the effect of hUCMSCs
injection on the osseointegration of dental implant in diabetic rats via Runt-
related Transcription Factor 2 (Runx2), Osterix (Osx), osteoblasts, and
Bone Implant Contact (BIC). Methodology: The research design was a true
experimental design using Rattus norvegicus Wistar strain. Rattus norvegicus
were injected with streptozotocin to induce experimental diabetes mellitus.
The right femur was drilled and loaded with titanium implant. Approximately
1 mm from proximal and distal implant site were injected with hUCMSCs. The
control group was given only gelatin solvent injection. After 2 and 4 weeks of
observation, the rats were sacrificed for further examination around implant
site using immunohistochemistry staining (RUNX2 and Osterix expression),
hematoxylin eosin staining, and bone implant contact area. Data analysis
was done using ANOVA test. Results: Data indicated a significant difference
in Runx2 expression (p<0.001), osteoblasts (p<0.009), BIC value (p<0.000),
and Osterix expression (p<0.002). In vivo injection of hUCMSCs successfully
increased Runx2, osteoblasts, and BIC value significantly, while decreased
Osterix expression, indicating an acceleration of the bone maturation process.
Conclusion: The results proved hUCMSCs to accelerate and enhance implant
osseointegration in diabetic rat models.
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Diabetes is a chronic systemic disease and one of
the biggest public health problems in the world. People
with uncontrolled diabetes are more prone to tooth
loss because of periodontal problem, decreasing the
quality of life due to disturbances in the masticatory
system. Edentulous people will have unsuccessful
dietary management, which is essential to maintain
blood sugar levels in the body.!2 One way to overcome
this issue is by making dentures. There are two types
of dentures, removable and fixed. Currently, the first
choice for fixed denture is dental implant,? since it
has many advantages, such as preservation of dental
tissue, bone, improves mastication almost like natural
teeth and resistant to caries.* On the contrary, people
with uncontrolled diabetes have poor metabolic
conditions that can affect the osseointegration
process of dental implants. A previous study showed
that experimental diabetic rats had a decrease in
Bone Implant Contact (BIC) up to 50% and did not
reach normal value until the 80™ day post implant
placement. Moreover, the volume of bone around the
implant body also decreased by 50%. These conditions
may impact the failure and prolonged dental implant
osseointegration process.®

Osseointegration is a term used to describe
the integration between bone and implants.® The
osseointegration mechanism occurs when direct
contact between the bone and implant body take place.
To determine the success of osseointegration process,
histological evaluation and histomorphometry can be
carried out on experimental animals by examining
BIC. The success rate of dental implants in patients
without systemic diseases is between 90 and 95%,
10 years post-insertion.” However, in patients with
systemic diseases such as uncontrolled diabetes, the
success rate decreases especially in the first 2 to 4
weeks after implant placement.8

Several studies have been carried out to overcome
chronic diabetes complications using stem cells
to improve cell regeneration. Recently, Human
Umbilical Cord Mesenchymal Stem Cells (hUCMSCs)
are widely used because they are multipotent, non-
hematopoietic, have paracrine mechanism, can
self-repair and differentiate into other cells, such
as osteoblasts, adipose tissue, and chondroblasts.®
hUCMSCs are abundant source, painless collection with
no ethical restraint, and have minimal immunogenicity.

Compared with other source of stem cells such as
bone marrow (BM) or peripheral blood, hUCMSCs have
more advantages. hUCMSC can increase the formation
of new blood capillaries so that blood circulation in
ischemic areas increases.!® Furthermore, hUCMSCs
were applied to treat severe pulmonary arterial
hypertension and increased activity of regeneration
and anti-inflammation properties, improving clinical
parameter of three year old females.** hUCMSCs also
significantly improves IL-4, IL-6, and IL-10 expressions,
reduce the cytokine storm, and modulates NK cells
from severely ill COVID-19 patients.? The injection
of hUCMSCs was examined in the osteoporotic
mandible and showed significant results in increasing
bone density.!3 The use of hUCMSCs in accelerating
the osseointegration process of implants in diabetic
patients was never done.

Several markers can determine the osseointegration
process, such as Runt-Related Transcription Factor 2
(Runx2), Osterix (Osx), osteoblasts, and BIC. The
aim of this study was to determine the effect of
hUCMSCs on Runx2, Osx, osteoblasts, and BIC as
essential markers to examine the acceleration of
osseointegration process of dental implants after
hUCMSCs injection in diabetic rat model.

All the experiment involving animals were
performed in accordance with relevant guidelines
and regulations. This animal study was approved
by the Animal Research Committee of the School of
Veterinary Medicine, Universitas Airlangga (Permit
number: 2.KE.152.09.2018) considering the minimal
animal model. The study was reported according to
ARRIVE guidelines. All experiments involving humans
were performed in accordance with relevant guidelines
and regulations. Human umbilical cord was obtained
from Caesarean delivery. The donor signed the written
informed consent and the procedure was approved by
the Medical Ethics Committee of Dr Soetomo, General
Hospital, Surabaya, Indonesia (Permit number: 547/
Panke. KKE/IX/2017)

The study design used was true experimental
on animals with Randomized Post-Test Only Control
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Group Design.

Umbilical cord tissue was cleaned and cut to obtain
the Wharton'’s jelly, which was then dissected into small
pieces and cultured using enzyme digestion method
until cells were obtained. Cells were resuspended and
transferred into a culture dish, then observed under
inverted microscope. To confirm MSCs, viable cells were
analyzed by flow cytometry. Isolation and culture of
the hUCMSCs until passage 6, then 500,000 cells were
injected in the implant site. The flowcytometry was
performed in passage 4 and confirmed Mesenchymal
Stem Cells with positive CD 90, CD 105, CD 73, and
negative CD 34, CD 45.'%16 Cells were cultured in
( minimum essential medium (MEM) (Gibco BRL,
Gaithersburg, MD, USA), Fetal Bovine serum (FBS)
(Gibco BRL), planted in a 100 mm tissue culture plate
(Iwaki, Asahi, Japan) under normoxia conditions (CO,
5%), and incubated at 37°C.'” Gelatin solvent, which
is non-toxic and biocompatible, was used as hUCMSCs
scaffold.® Conical tubes containing 30 uL hUCMSCs in
gelatin were prepared for the injection.

The amount of sample size was obtained from
the Lemeshow formula, using the data from pilot
study. This study was carried out using male Rattus
norvegicus strain, from 8 to 10 weeks and 150 to 200
grams, healthy according to the experimental animal
production criteria, and with high levels of fasting blood
sugar-more than 300 mg/dl tested using a portable
device glucose test (AccuCheck Performa, Roche,
Indonesia) from tail vein (vena lateralis). Diabetic
model was induced with Streptozotocin (STZ) 20 mg/
kg BW for 5 consecutive days. Freshly prepared STZ
(Bioworld, Ohio, USA) dissolved in buffer citrate 0.05
M, pH 4.5 was administered intraperitoneally at 20
mg/kg.*® Blood glucose measurement of each animal
was measured and recorded (Table 1 and Table 2).

The implant (Titanium grade 1) is cylindrical with 1
mm diameter and 2 mm height, machining by CAD/
CAM (Yoshimi Inc. Osaka, Japan).

In total, 28 Wistar rats were divided into 4
groups (7 rats each). C1 was the implant group and
terminated after 2 weeks, C2 was the implant group

and terminated after 4 weeks, T1 was the implant
group with hUCMSCs injection and terminated after 2
weeks, while T2 was the implant group with hUCMSCs
injection and terminated after 4 weeks.

Before anaesthesia procedures, rats were fasted
for 8 hours before implant placement. Ketamine 10%
1 cc and Xylazine 1 cc were injected intramuscularly.
The osteotomy area was only located on the right
femur, which was shaved and disinfected with
Povidone Iodine 10% (Betadine, Indonesia). All the
surgical instruments and implants were sterilized with

Table 1- Blood Glucose Level Measurement (mg/dL) before and
after STZ

Sample No. Before STZ After STZ Randomization
1 92 320 T2 (5)
2 89 415 C1(2)
3 93 375 T1 (4)
4 95 475 T2 (1)

5** 99 -
6 84 460 C2 (3)
7 79 482 C2(7)
8 83 440 C2 (2)
9 96 456 T1 (5)
10 ** 88 -
1 95 411 C2(5)
12 91 389 T1(7)
13 90 346 C1(4)
14 89 469 T1 (3)
15 94 374 C1(6)
16 92 432 C1 (1)
17 77 458 T2 (4)
18 93 369 C2 (6)
19 86 428 T2 (7)
20 90 445 T2 (6)
21 95 476 C1(3)
22 ** 99 -
23 84 438 C1(7)
24 89 497 C2 (1)
25 97 348 T1(2)
26 78 477 T1 (6)
27 85 453 T1 (1)
28 ** 93 -
29 87 464 T2 (2)
30 95 486 C1 (5)
31 92 490 T2 (3)
32 95 377 C2 (4)

Note : ** indicated animal died after STZ injection intraperitoneally
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autoclave. A 10 mm incision was performed layer
by layer (skin, subcutaneous tissue, muscle, and
periosteum) on the dorsal femur’s surface towards the
bone surface. Drilling using a bur of diameter 1 mm, K1
drill (Denstply Sirona, Tokyo, Japan) was performed at
speed 800 rpm and torque 20 N (NSK Dental Implant
Motor non optic Surgery System, Japan), 7 mm
from the distal femur edge according to the implant
dimension (implant axis), alongside saline irrigation.
Before implant placement, the implant bed was
irrigated with saline, then the implant was placed into
the hole and pushed until it aligned with the femoral
bone surface.?® For hUCMSCs administration, the bone

was perforated intraosseous at 800 rpm speed and
20 N torque, 1 mm from the implant at its proximal
and distal side using Stabident (Henry Schein, USA).
The hUCMSCs were injected 30 L in each perforated
bone using syringe 27 G for the treatment group (T1
and T2), while control group (C1 and C2) received
only gelatin. Suturing on the muscle and skin was
performed in layers using 4-0 Polyglycolic Acid Braided
Synthetic Absorbable Suture (Surgifit, Busan, Korea).
After implant placement, Sulfadiazine Trimethoprim
antibiotics (Colibact, Sanbe, Indonesia) 20 mg/
kg body weight intramuscular and Phenylbutazone
analgesics (Phenylject, TMC, Indonesia) 20 mg/ kg

Table 2- Blood Glucose Level Measurement (mg/dL) before implant placement and every week until termination day

Sample No. in each Implant placement 1st week 2" week 3 week 4t week
group

c1

1 427 467 Hi ** - -
2 390 421 433 - -
3 388 434 424 - -
4 354 398 450 - -
5 465 427 472 = -
6 444 497 Hi ** - -
7 398 489 473 - -
C2

1 474 434 421 478 455
2 425 480 472 435 Hi **
3 394 435 488 421 412
4 325 396 408 Hi ** 462
5 422 433 477 464 Hi **
6 478 455 463 438 474
7 386 423 396 365 415
T

1 469 483 421 = -
2 387 379 394 - -
3 452 485 436 - -
4 375 394 Hi ** - -
5 463 494 498 = -
6 468 423 478 - -
7 422 446 453 - -
T2

1 351 372 423 410 452
2 434 479 455 487 Hi **
3 491 493 464 488 475
4 458 432 423 466 474
5 412 384 396 436 453
6 466 426 480 423 444
7 476 425 399 448 466

Note : ** indicated blood glucose level > 500 mg/dL
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body weight intramuscular were administered. Figure
1 shows the diagram of the implant placement.
After receiving treatment, all animals presented
limited movement for 3 days. However, no lack of
appetite nor weight loss or death were observed.
After 2 and 4 weeks, the rats were euthanized using
perfusion technique (1-cc Ketamine 10% and 1-cc
Xylazine, intramuscular). The area of interest was
cut at 0.5 mm radius from outer implant margin. The
specimen was soaked into 10% buffered formalin for
a week, continued with 10% ethylene diamine tetra

acetic acid (EDTA) as much as 50 times volume of the
specimen’s volume.

After deparaffination and rehydrate tissue section,
the specimens were washed twice in buffer (Biogear).
To reduce non-spesific background staining due to
endogenous peroxidase, slides were incubated in
Hydrogen Peroxide Block (Thermo Scientific, USA)
for 10 minutes, then washed four times in buffer
(Biogear). Ultra V Block (Thermo Scientific, USA)

Figure 1- Graphical procedure of how the implant placement was performed. A. Incision was done on the dorsal side of femur. B, C:
Osteotomy was done 7 mm from the distal femur edge according to the implant dimension (implant axis), alongside with saline irrigation.
D: The implant was placed into the osteotomy site and pushed until it aligned with the femoral bone surface. E: Osteotomy site on the
right femur bone of Wistar rats. F: Scheme on sequential the implant placement. X shows the hUCMSCs injection site, 1 mm from the

proximal and distal
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was applied and then incubated for five minutes at
room temperature to block non-spesific background
staining. Primary antibody (Runx2 monoclonal
antibody SC101145 Santa Cruz Biotechnology, USA;
Osterix [EPR21034] ab 209484, Abcam, USA) was
applied and incubated at room temperature from
around 25 to 30 minutes, then washed four times in
buffer (Biogear). Primary Antibody Enhancer (Thermo
Scientific, USA) was applied and incubated for 10
minutes at room temperature, then washed four times
in buffer (Biogear). HRP Polymer (Thermo Scientific,
USA) was applied and incubated for 15 minutes at
room temperature then washed four times in buffer
(Biogear). One drop (40uL) DAB Plus Chromogen
(Thermo Scientific, USA) was added to 2 mL of DAB
Plus Substrate (Thermo Scientific, USA) and mixed
by swirling and applied to tissue. The substance
was incubated for 5 minutes then washed 4 times
in Aquabidest (PT Ikaphamindo Putramas, Jakarta,
Indonesia). Counterstaining and coverslip placement
was done using a permanent mounting media.

Immunohistochemistry examination was performed
for Runx2 and Osx, while histological examination was
performed for osteoblast and calculated microscopically.
The images were taken using a Nikon Eclipse Ci-E
compound microscope equipped with a DS-Fi3 digital
camera with an image resolution of 2880 x 2048
pixels. This microscope has a Tube F.0O.V (field of View)
22 mm. Images were obtained using a 10x eyepiece
and a 40xobjective lens (400xmagnification). The

immunolabeled osteoblast cells were counted manually
under 400x magnification. The observation area was
five random fields of view under 1000 pm radius
around the implant. BIC value was obtained by dividing
the total length of the implant area (um) by the length
of the ossification area with a light microscope and a
calibrated micrometre using 40x magnification. BIC
value was obtained from the outer area of implant
(Figure 2).

Normality of data was performed with the Shapiro
Wilk test. Data was analysed with one-way ANOVA
and continued with the Multiple Comparison LSD test
at 0.05 significance level.

All animals induced with STZ intraperitoneally
for five consecutive days presented hyperglycemia
(> 300 mg/dL) after the fifth day (Table 10. About
10% of the rats treated with STZ (4/32) died after
induction. Furthermore, randomization was carried
out before implant placement and hUCMSCs injection
(Table 1). Blood Glucose Level was monitored on each
animal before implant placement and every week
until termination day. The results showed that the
target hyperglycemia for diabetic animal model was
maintained > 300 mg/dL (Table 2).

Figure 2- The location around outer implant used to measure bone-to-implant contact (BIC) value.*”
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£2.13). C1 and T2 group was having similar number
of expressions, 6.26 £ 2.02 and 6.43 £ 2.01,
respectively. Significant difference was found between
C1 and T1 group (p < 0.01), C2 and T1 group (p <
0.001), T1 and T2 group (p < 0.05).

Figure 3 shows the comparison of Runx2 expression
among groups. The lowest Runx2 expressions were
found in the C2 group (4.51 £1.4), while the most
abundant expressions were on T1 group (9.26

Figure 3- Differences of Runx2 expression in osteoblast cells between groups. Immunoreactive of surface osteoblast cells colored dark
brown chromogen (arrow) (C1: implant 2 weeks, C2 : implant 4 weeks, T1 : implant + hUCMSCs 2 weeks, T2 : implant + hUCMSCs 4
weeks, NC : negative control without antibody, G : Graphics of Runx2 between groups)

Figure 4- Differences of Osx expression in osteoblast cells between groups. Immunoreactive of surface osteoblast cells colored dark
brown chromogen (arrow) (C1 : implant 2 weeks, C2 : implant 4 weeks, T1 : implant + hUCMSCs 2 weeks, T2 : implant + hUCMSCs 4
weeks, NC : negative control without antibody, G : Graphics of Osx between groups)
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Figure 5- The microscopic appearance of osteoblasts between groups (C1 : implant 2 weeks, C2 : implant 4 weeks, T1 : implant +
hUCMSCs 2 weeks, T2 : implant + hUCMSCs 4 weeks, G : Graphics of osteoblasts between groups)

Figure 6- The microscopic appearance of Bone Implant Contact between groups (C1 : implant 2 weeks, C2 : implant 4 weeks, T1 : implant
+ hUCMSCs 2 weeks, T2 : implant + hUCMSCs 4 weeks, G : Graphics of BIC between groups)
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Figure 4 shows immunohistochemistry staining
of Osx among groups. The highest amount of Osx
expressions was found in C1 group (5.91 £ 1.97),
while the lowest amount was found in T2 group (1.8
£ 0.97). T2 group differed significantly from T1 groups
(3.8 £ 2.26) with p-value < 0.05. C1 group differed
significantly from all other groups (p < 0.05). For bone
remodelling, generally the highest expression of Osx
was found in two weeks. The injection of hUCMSCs
decreased the Osx expression afterwards.

Figure 5 shows the histological examinations.
Treatment group leads the highest number of
expressions with T1 group represented 381.57 = 89.24
and T2 group represented 397.86 £ 181.8, meanwhile
the control group remains low (C1 group: 259.29 £
92.47, C2 group: 201.29 % 59.13). The number of
osteoblasts between the control and treatment groups
were significantly different (C1 and T2, p < 0.05; C2
andT1,p<0.01),C2and T2, p < 0.01), but was found
no significant difference between the control groups
(C1 and C2) and between the treatment groups (T1
and T2). The lowest humber of osteoblasts was found
in C2, while the highest was in T2.

Figure 6 shows (BIC) among groups. The highest
BIC was found in T2 group (77.29% £14.29%), and
the lowest in C1 group (29.71% £ 9.99%). The C2 and
T1 group mean value of BIC length was 54% % 15.36%
and 67.29% =* 18.35%, respectively. Significant
difference was found between C1 and C2 group (p <
0.01),ClandT1 (p < 0.001),C1and T2 (p < 0.000),
and C2 and T2 (p < 0.01). No significant difference

was found between treatment groups.

The long-term success of implants is influenced
by osseointegration, which indicates the interaction
between bone tissue and implant body.82%22 In
uncontrolled diabetic patients, the osseointegration
process of implants can be disrupted, because in a
hyperglycaemic state pro-inflammatory mediators and
RANKL/OPG ratio increase, while the formation and
function of osteoblasts, and activity of endogenous

Mesenchymal Stem Cells (MSCs) decrease.?23-2

Diabetic conditions also affect the amount and
function of the endogenous MSCs, caused by the
accumulation of Advanced Glycation End products
(AGESs).?* When endogenous MSCs are insufficient due
to a systemic disease, administration of exogenous
MSCs can be an alternative treatment. In vitro studies
have shown that exogenous MSCs can reach wound
areas that require healing, promote tissue regeneration,
and improve the microenvironment around the wound.
MSCs originating from the umbilical cord should be
one of the therapies to improve and accelerate the
osseointegration process of dental implants in diabetics
because they can proliferate, differentiate, and have
immunomodulatory properties.?” In the previous
study, the induction of hUCMSCs increased osteoblastic
activity, decreased osteoclastic activity, and promoted
osteogenic differentiation and bone formation.®3

In this study, hUCMSCs remained viable during
the procedure. This result was also similar to previous
study by Hendrijantini, et al.*> (2021), which showed
that exogeneous hUCMSCs were detected strongly at
four weeks, and even after 8 weeks. Moreover, there
was some other possibilities towards hUCMSCs fate as
therapeutic agent: (1) It may have been proliferated
and differentiated into other cells, considering the
time frame (more than two weeks);?® (2) MSCs
provide a therapeutic effect in vivo via paracrine
action, in particular the shedding of extracellular
vesicles including exosomes and microvesicles,
which secretes a variety of soluble factors to exert
immunomodulatory, angiogenic, antiapoptotic,
and antioxidative effects;?® (3) Replacement of the
damaged tissue by differentiating into various cell
lineages and regulation of immune responses by
immunomodulatory function, (4) Cell-cell contact
enables MSCs to modulate their immunosuppressive
effects and promote cell viability,>®and (5) MSCs can
also increase PGE2 secretion that drives resident
macrophages with an M1 proinflammatory phenotype
toward an M2 anti-inflammatory phenotype, which
produce higher amounts of the anti- inflammatory
cytokine IL-10 and contribute to inflammation
resolution.3t:32

To determine the success of the dental implant
osseointegration process, several markers that play
an important role can be used, such as Runx2, Osx,
osteoblasts, and BIC.2233 Runx2 is a transcription
factor that plays a role in skeletal growth, osteoblast
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differentiation, and osteoblastic lineage. The amount
of Runx2 increase in immature pre-osteoblasts
and osteoblasts and decrease when osteoblast
maturation occurs.343>In MSCs, Runx2 expression
is weak in undifferentiated MSCs, but increases in
pre-osteoblasts and reaches maximum amount in
immature osteoblasts, eventually decreasing as
osteoblasts mature. Runx2 also has an important role
in increasing the amount of MSCs.33

The role of Runx2 in remodelling can be directly
or via Runx2-related signalling pathways, such as
Osterix.3¢ The direct pathway has an involvement
of Bone Morphogenetic Protein (BMP) that plays a
role in controlling the differentiation of MSCs from
progenitors to Runx2.3” Patients with type 2 diabetes
mellitus showed a decrease in the amount of Runx2
expression and osteocalcin by 40%. Thus, this
condition significantly decreases the bone volume,
density, and trabecular bone volume.38

The results showed that there was no significant
difference between groups C1, T1 and T2; however,
in group C2 the number of Runx2 expressions
was minimal. The absence of differences in Runx2
expression in groups T1 and T2 may indicate that the
maximum number of Runx2 may have been reached
before the end of two weeks. Thus, in groups T1
and T2 the amount of Runx2 expressions did not
differ statistically. This is also supported by the BIC
data that shows high contact between implants and
bone in the treatment group. BIC percentage from
the treatment group has fulfilled the minimum BIC
required for implant success, which ranges from 50%
to 80%.3° However, the amount of Runx2 was still
high in group C1 and decreased significantly in group
C2, indicating that the maturation process is likely to
occur between two and four weeks. Therefore, the
injection of hUCMSCs accelerates the osseointegration
process of the implant. Enough Runx2 is still required
to regulate osteocalcin expression and inhibit MSCs
differentiation into adipogenic pathways as a result of
hyperglycaemic conditions.3”

Osterix is a transcription factor expressed on
osteoblasts and required for osteoblast differentiation
and maturation.3¢ In animal studies, Osx deficiency
results in the absence of osteoblasts and bone
formation. Osx transcriptional regulation is regulated
by Runx2, and together with Nuclear Factor of
Activated T cells (NFAT) activate bone formation via
activation of Collagen type 1 Alpha 1 (COL1A1).3®

In MSCs osteoblastogenesis, Osx has an important
role together with Bone Morphogenic Protein (BMP)
signalling, which initiates osteoblast maturation.
However, overexpression of Osx can also trigger the
differentiation and activation of cytokines such as IL-8
and Parathyroid Hormone-related Protein (PTHrP),
which activate the osteoclastogenesis pathway.3¢
Overexpression and knockdown of Osx decrease
MSCs proliferation, thus Osx plays an important role
in the MSCs’ proliferation process at different stages
of differentiation. The stem cells source also influences
the effects of Osx. In MSCSs derived from rats, Osx
increase the proliferation of bone marrow stromal cells.
On the other hand, if the MSCs are from humans, Osx
inhibits cell growth and cause excessive mineralization
in experimental animals.*°

In this study, the maturation process of the
treatment group with hUCMSCs was faster than that
of the control group, since the amount of Osx in the
C2 group was the same as in the T1 group, followed
by a decrease in the Osx in the T2 group. This is also
supported by the results of the higher BIC in the
treatment group than in the control group. Moreover,
as the source of MSCs is human, higher amounts of
Osx result in a negative role in the cell proliferation
process and trigger excessive mineralization process.

The bone remodelling cycle runs well if there is
a balance between the process of bone formation
by osteoblasts and the resorption by osteoclasts.4°
Osteoblasts are bone-forming cells derived from MSCs
after passing by several transcription factors such as
BMP and Wnt pathways. An increase in the number of
osteoblasts also increases the amount of Osterix, and
decreases the amount of RANKL, the ratio of RANKL/
OPG, and the expression of cathepsin K. Furthermore,
high amount of osteoblasts suppresses the production
of TNF, which acts in the process of resorption and
osteoclastogenesis.*? In patients with type 2 diabetes
mellitus, the volume and thickness of the osteoid, the
amount of osteoblasts, and Alkaline Phosphatase (ALP)
decrease. Osteoblasts in high glucose concentrations
cause less pro-osteogenic markers such as Runx2 and
Osx.* Moreover, apoptosis of osteoblasts and their
precursor cells increased.* Type 2 diabetes mellitus
also increases the negative effect on osteoblasts by
directing the differentiation of MSCs into adipose,
leading to low osteoblast function, formation, and
bone mass.*?

This study showed the highest number of
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osteoblasts in T2 and the lowest in C2. The number
of osteoblasts decreased in the control groups C1 and
C2, but we found no significant difference between the
treatment groups T1 and T2. hUCMSCs can increase
the number of osteoblasts and the expression of
the pro-osteogenic marker Runx2. hUCMSCs also
inhibited the process of osteoblast apoptosis and
increased osteoblast activity, since BIC was higher
in the treatment group than in the control group. A
constant number of osteoblasts is essential in long-
term implant osseointegration by internal and external
bone remodelling.??

Bone density also has an important role in achieving
the minimum required BIC. Implants placement with
the same osteotomy and prosthetic procedures showed
different success rates due to different types of bone
density.** The prognosis for implant success are higher
in the anterior mandible, which has the highest density
compared to the posterior mandible, while failure is
mostly found in the posterior maxillary placement.**
In an osteoporosis model study, MSC successfully
increased mandibular bone density.**

In dental implant osseointegration, secondary
implant stability is also an important factor for long-
term implant success. BIC plays an important role in
the establishment of secondary implant stability. BIC is
a histomorphometry examination that was developed
and is a commonly used method for evaluating
osseointegration. After the minimum BIC is achieved,
measurement of the bone implant volume (BIV), or
the area of ossification around the implant, can be
performed, Thus, long-term osseointegration was
successful by calculating the thickness of the new bone
formed. BIC and BIV have a close correlation for the
evaluation of implant osseointegration.?! According to
Wolff’s law, when an implant is placed in the jawbone,
its microenvironment changes and internal structure in
response to implant placement and loading. Clinically,
the minimum BIC required for implant success is from
50% to 80%.%

The previous study in diabetic patients reports a
delay in the process of bone formation and remodelling.
Studies using experimental diabetic rats terminated
2 weeks after implantation, showing an average BIC
of 28.82% and 56.55% for non-diabetic rats. After 6
weeks, the studies showed an average BIC of 51%
for diabetic rats and 66.4% for non-diabetic rats. In
this study, local infiltration with insulin was given to
the implant site with an average BIC for 2 weeks of

50.73% and 58.3% for 6 weeks, both significantly
lower when compared to the non-diabetic group.#?

The use of Nerve Growth Factor to increase BIC
in diabetic experimental animals showed significant
results with termination times of two, four, and eight
weeks. In the two week data analysis, the mean BIC
was 36.97% for the non-diabetic group, 22.11% for
the diabetic group, and 36.97% for the NGF group. For
the four week group, BIC increased 55.46% for the
non-diabetic group, 42.61% for the diabetes group,
and 54.34% for the group with NGF administration.
Meanwhile, for the six week group the average BIC
was 65.44% for the non-diabetic group, 55.75%
for the diabetes group, and 67.99% for the group
receiving NGF.46

This study observation lasted up to 4 weeks. For
future studies, we suggest adding more time interval,
thus the peak level of each expression can be known
and the exact mechanism can be revealed. In this
study, we also did not compare the use of insulin as
a control positive group. Many factors were unknown
and need to be further explored. Hopefully, this study
can be a start for future development of hUCMSCs as
a treatment for dental implant osseointegration under
diabetes mellitus circumstances.

In this study, the highest BIC was in the T2 group
and the lowest was in the C1 group. The mean BIC
data for the C1 and C2 (30% and 54 %) are almost
similar with the data from previous studies on implants
in diabetic experimental animals.*? For stem cells
treatment groups, hUCMSCs increased the mean BIC
to 67% and 77%. Compared to other studies such
as local insulin injection and NGF administration,
hUCMSCs could potentially accelerate and increase
BIC. Moreover, hUCMSCs increased the two weeks
and four weeks BIC in diabetic animal higher than in
non-diabetic group.

hUCMSCs successfully accelerated and increased
dental implant osseointegration in diabetic condition
regarding Runx2, Osterix, osteoblasts, and BIC at two
and four weeks examination.
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