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ABSTRACT
Background: Poor bone quality, sometimes caused by osteoporosis, can lead to dental implant failure. Human umbilical cord 
mesenchymal stem cells (hUCMSCs) can differentiate into osteoblasts and offer an alternative therapy for poor bone conditions. 
Purpose: This study aims to evaluate the effect of hUCMSCs induction on the extent of osseointegration by the new bone formation 
area of dental implants in osteoporotic animal models. Methods: The samples were divided into two groups, i.e., control and induced 
hUCMSCs groups at different times. An ovariectomy was performed to assess the osteoporosis condition. The control group was injected 
using gelatin, and the treatment group was administered hUCMSCs. Terminations were conducted at 2 and 4 weeks, respectively. 
The collected samples were then subjected to histological examination to analyze new bone formation and its proportion. In addition, 
alkaline phosphatase staining was also performed to evaluate the mineralization area. The data was analyzed using the one-way 
analysis of variance (ANOVA). Results: Both for new bone formation area as well as the proportion of new bone, it was observed 
that the best results were in the group with induction of hUCMSCs at 2 weeks. Alkaline phosphatase staining also confirmed that the 
highest mineralization was observed in the same group. Conclusion: hUCMSCs induced new bone formation in the implant placement 
in osteoporotic animal models.
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INTRODUCTION

Menopause is a hormonal condition that affects all women 
over the age of 50. It is characterized by the cessation of 
menstrual bleeding for at least 12 consecutive months.1 
Decreased estrogen secretion affects parathyroid hormone 
activity and vitamin D absorption during menopause. This 
condition leads to reduced bone development and disrupts 
the balance of osteoclast and osteoblast activity.2

One of the most common pathological diseases in 
postmenopausal women is osteoporosis, characterized 
by a loss of bone density, tissue damage, and bone 
microarchitecture disorders that induce brittle and easily 
fractured bones.3 According to research conducted in 

Europe and the United States, 30% of women worldwide 
have osteoporosis, and 40% of them are postmenopausal 
women.4 The prevalence of osteoporosis in older women 
aged 50–70 years in Indonesia is 23%.5 Osteoporosis has a 
significant impact on the dental and oral fields, particularly 
in the treatment of dental implants in prosthodontics.6

Dental implants have become an alternative for 
replacing one or more missing teeth or even the entire 
tooth in the edentulous jaw.7,8 Several factors contribute 
to the successful integration of implants with bone, 
including the implant’s surface, shape and topography, 
surgical technique, implant loading, and the quality and 
quantity of the implant recipient’s bone.9 Bone quality 
is the most critical factor in successful osseointegration 
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and alveolar bone retention. Osseointegration is defined 
as a direct structural and functional relationship between 
the bone and the load-bearing surface of the implant 
without disturbing the soft tissue between the implant 
and the bone.10 In the early stages of osseointegration, 
erythrocytes and fibrin are present, accompanied by the 
proliferation of vascular structures and the migration of 
mesenchymal cells.11 A cell-rich immature bone (woven 
bone) begins to cover the blood vessels and comes into 
contact with the implant surface at 2 weeks. The newly 
formed mineralized bone extends from the cut bone ends 
and covers most of the implant surface between 2 and 4 
weeks of healing.12 At 4 weeks after implantation, osteoid 
and woven bone are formed on implant surfaces.13 In 
patients with osteoporosis, the bone mass and density 
are lower than normal. Therefore, it causes difficulties in 
achieving osseointegration, resulting in failure of dental 
implant treatment.9 Several therapies have been proposed 
to enhance osseointegration in osteoporosis patients, 
including the use of human umbilical cord mesenchymal 
stem cells (hUCMSCs).14

In vitro studies regarding the use of hUCMSCs have 
been previously conducted.15–17 These cells have potential 
for use in regeneration.18–20 They act as osteoprogenitors 
and promote bone formation.21 In previous studies, 
hUCMSCs successfully promoted osteoblast differentiation 
in osteoporotic models.14 Other studies have also proved 
that hUCMSCs increased the number of osteoblasts, 
the expression of tumor growth factor-β1, runt-related 
transcription factor 2 (Runx2), alkaline phosphatase, 
collagen type I, osteocalcin, osterix (Osx), and bone 
morphogenetic protein 2 (BMP-2).8 However, it is not yet 
known how extensive the effect of hUCMSCs induction 
is on the osseointegration process for osteoporosis patients 
using dental implants. Therefore, this study was conducted 
to evaluate the effect of hUCMSCs induction on the extent 
of osseointegration by the new bone formation area of 
dental implants in osteoporotic animal models.

MATERIALS AND METHODS

This research was approved by the Ethical Commission of 
Health Research, Dr. Soetomo General Hospital, Surabaya 
(No. 547/Panke.KKE/IX/2017) and Ethical Commission of 
the Faculty of Veterinary Medicine, Universitas Airlangga 
(No. 2.KE.152.09.2018). Samples were collected from 28 
three-month-old female Wistar strain rats of the Rattus 
norvegicus albinus species, weighing 180 to 200 g. The 
samples were divided into four groups: an ovariectomy 
group injected with gelatin solvent for 2 weeks (K2) and 
4 weeks (K4), and an ovariectomy group injected with 
hUCMSCs and gelatin for 2 weeks (P2) and 4 weeks 
(P4).

The umbilical cord was taken from the placenta of a 
healthy, full-term baby, born by Caesarean operation with 
elective indications without any medical complications. The 

umbilical cord was then cut to about 1 cm, and the artery, 
vein, and adventitia were separated to obtain Wharton’s 
jelly. Afterward, the Wharton’s jelly was sliced with a 
scalpel to approximately 1 mm3 and used for the primary 
culture of hUCMSCs.

The phenotype characterization of hUCMSCs was 
performed using flow cytometry. In the sixth passage, 
hUCMSCs were seeded in wells with alpha minimum 
essential medium (αMEM). Afterward, the cells were fixed 
with 10% formaldehyde and incubated using the Human 
MSC Analysis Kit (BD StemflowTM, BD Biosciences) with 
the addition of mouse anti-human CD73, CD90, and CD105 
primary antibodies, and a negative cocktail containing 
CD45, CD34, and CD19 antibodies.

The female Wistar strain rats of the Rattus norvegicus 
albinus species weighing 180 to 200 g were placed in 
a separate cage for 1 week before the ovariectomy. The 
ovariectomy was performed through a ventral incision 
from the umbilicus to the pubis. The ovaries and fallopian 
tubes were ligated separately, and the bilateral ovaries and 
periovarian fat were completely removed. The peritoneal 
incision was closed with simple absorbable catgut sutures 
prior to skin closure. Postoperatively, the rats were allowed 
to move freely in their cages, with their usual diet for               
12 weeks.

The subjects were made to fast for 6 to 8 hours 
before surgery. For anesthesia, 1 cc of 10% ketamine was 
administered, and 1 cc of Xyla was injected intramuscularly 
into the semitendinosus muscle. The hair on the femur 
where the implant would be placed was shaved, and the skin 
was cleaned with povidone-iodine and 80% alcohol. The 
instruments used were sterilized in an autoclave. A 10 mm 
incision was made from the femur’s dorsal surface to the 
bone surface. The drilling sequence was performed at 7 mm 
from the distal edge of the femur, based on the length and 
diameter of the implant (1 mm diameter and 2 mm length), 
with saline irrigation at a speed of 800 rpm and a torque of 
20 N. The implant was placed on the proximal surface of the 
femur, and primary stability was achieved before suturing 
the muscles and skin with 4-0 Vicryl. Suturing threads were 
removed 7 days after implant placement.

Perforation was performed on the femur of rats that had 
been implanted, using a needle perforator (STABIDENT) to 
penetrate the bone. Subsequently, hUCMSCs with solvent 
gelatin (P2 and P4 groups) and only gelatin solvent (K2 
and K4 groups) were injected into the perforation holes 
using 1 mL syringes.

The animals were terminated after completing the 
duration of the experiment. In experimental animals, 
anesthesia was administered via intramuscular injections 
of 1 cc of 10% ketamine with 1 cc of Xyla, followed by 
perfusion. A 0.5 mm proximal and distal to the implant 
margin were cut.

The specimens were fixed in 4% paraformaldehyde 
in 0.1 M phosphate buffer, at pH 7.4, at 4°C, for 48 hours 
in 2 weeks. Then, they were washed overnight in a 0.1 
M phosphate buffer, pH 7.4, containing 10% sucrose for 
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1–2 hours at room temperature. The bone samples were 
dehydrated according to the following schedule: 70% 
ethanol for 1 day, 80% ethanol for 1 day, 90% ethanol for 1 
day, and lastly, 100% ethanol for 4 days at room temperature. 
Each specimen was vacuumed for the first 30 minutes at 
every step. After that, the bone samples were processed 
in xylene for 1 day and 3 days at room temperature, each 
being vacuumed for the first 30 minutes. The samples were 
then infiltrated in a solution of 100 ml methylmethacrylate 
and 1 g V-601 at 4°C for 1 day and vacuumed for the first 

30 minutes. Fresh solution replacement is required before 
infiltrating the specimens for 1 week at 4°C. Finally, the 
infiltrated tissue samples were placed at the bottom of 25 
ml glass vials, with MMA solution (100 ml MMA and 
1 g V-601) poured into each glass vial and polymerized 
within 2 days at 30°C. The specimens were then assessed 
microscopically using histomorphometric evaluation of 
new bone formation, proportion of new bone area, and 
alkaline phosphatase staining. The data was then analyzed 
using one-way ANOVA with α = 0.05. 

Figure 1. Graph analysis of new bone formation. The * indicates a statistical difference (p-value < 0.05). n = 7; K2: injected with 
gelatin solvent for 2 weeks, P2: injected with hUCMSCs and gelatin for 2 weeks, K4: injected with gelatin solvent for 4 
weeks, P4: injected with hUCMSCs and gelatin for 4 weeks.

K2 K4

P2 P4

 Figure 2. Histological image of each experimental group for new bone formation around implant surface. The black block is an
implant placed in the femur.
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RESULTS

The new bone formation area was measured histologically 
using a microscope in the cortical area around the 
implant surface. The highest new bone formation was 
observed in induction with hUCMSCs at week 2 (P2), 
followed by control at week 2 (K2), and induction 
with hUCMSCs at week 4 (P4). The lowest new bone 
formation was observed in the control week 4. The 
graph of the new bone formation area analysis results 
can be seen in Figure 1, and the histological image is                                                                                                   
presented in Figure 2.

The proportion of new bone area result was in line with 
the previous results, i.e., the highest was found in induction 
with hUCMSCs at week 2 (P2 group), followed by control 
at week 2 (K2 group) and induction with hUCMSCs at week 
4 (P4 group). The lowest new bone formation was found in 
the control at week 4. The graph results of the proportion of 
the new bone area analysis can be seen in Figure 3.

Alkaline phosphatase staining was performed to confirm 
mineralization in the bone area around implant placement. 
This analysis was performed qualitatively and indicates that 
the highest alkaline phosphatase was noted in the P2 group. 
The histological image is shown in Figure 4.

Figure 3. Graph analysis of the proportion of new bone area. The * indicates a statistical difference (p-value < 0.05). n = 7; K2: 
injected with gelatin solvent for 2 weeks, P2: injected with hUCMSCs and gelatin for 2 weeks, K4: injected with gelatin 
solvent for 4 weeks, P4: injected with hUCMSCs and gelatin for 4 weeks.

(++)
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(-)

K2 K4

P2 P4

 Figure 4. Histological images of each experimental group for alkaline phosphatase staining.
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DISCUSSION

Osseointegration of implants in patients with osteoporosis 
is difficult to predict and is always an obstacle.22 In this 
condition, there is an imbalance between bone formation 
and resorption,  resulting in a weaker structure, especially 
in the cancellous bone.23 This is because the differentiation, 
proliferation, and osteogenic capabilities of mesenchymal 
stem cells are inhibited, which impedes bone formation in 
the early phase of implant osseointegration. Although dental 
implants are a viable treatment, osteoporosis deleteriously 
affects peri-implant long-term stability and bone loss.24

In this study, an increase in new bone formation and the 
proportion of new bone were observed. Similar results were 
obtained based on the histological assessments. We noted an 
increased number of woven bone formations on hUCMSCs 
induction; the woven bones were more even and had a 
trabecular bone structure, indicating a superior acceleration 
of bone mineralization. The qualitative results of alkaline 
phosphatase staining support these results; a more intense 
staining result indicates increased alkaline phosphatase 
activity. This increase in alkaline phosphatase indicates 
the differentiation activity of osteogenic cells that occurs at 
the beginning of healing and peaks on days 5–14, followed 
by a gradual decrease.25 The final stage of osteogenic 
differentiation (days 14–28) is characterized by high levels 
of osteocalcin and osteopontin and deposition of calcium 
phosphate.26 The biocompatibility capabilities of titanium 
implants can induce bone regeneration.27 However, using 
hUCMSCs accelerates implant osseointegration in the early 
stages of regeneration, significantly affecting the long-term 
outcome of implant treatment, especially in patients with 
osteoporosis.

In the early stages of osseointegration, blood clots 
produce fibrin as the initial form of healing, followed by 
the proliferation of the vascular structures and, migration of 
mesenchymal cells, and the formation of woven bone and 
bone trabeculae structures. However, during 1–4 weeks, 
an important osteoimmunological balance exists among 
host bone cells, immune cells, and implants.28 Afterward, 
the large volume of woven bone is remodeled and replaced 
by the lamellar bone around the implant.29 At that time, 
the implant was characterized by a thin seam of newly 
formed bone tissue lining their surface, and spaces of tissue 
lining their surface, and space of provisional connective 
tissue could be observed in the compartments between the 
threads.11

The most significant challenge for this early stage is 
obtaining the fixation of the implant. Implant fixation is 
divided into two types: mechanical fixation and biological 
fixation. Biological fixation is obtained at cancellous bone 
by forming woven bone, which will become trabecular 
bone. The trabecular bone fills the gap between the implant 
and the host bone.29 While mechanical fixation is achieved 
at the cortical bone, avoiding excessive micromotions 
affecting fibrin tissue and impairing vascularity in the 
initial bone healing is essential. However, balance in 

osteoimmune regulation is an important factor for dental 
implant longevity, including protection from bacterial 
infection.30 Bacterial infection and byproducts should 
be considered; for instance, Porphyromonas gingivalis 
and lipopolysaccharides can trigger inflammation and 
periodontal and alveolar bone destruction.15,31 Research 
by Sugiura discovered that maximum micromotion was 
significantly affected by cancellous bone density. In 
high-density cancellous bone models, the micromotion 
was always <15 µm. Moreover, in low-density cancellous 
bone models, the maximum extent of micromotion was 
influenced by crestal cortical bone thickness.32

Applying hUCMSCs at the implant site in osteoporotic 
rats increases osteoblastogenesis abilities to achieve 
faster biological fixation. The potential of hUCMSCs is 
demonstrated by the increased TGF β1 expression, Runx2, 
and the number of osteoblasts in osteoporotic rats.33 The 
hUCMSCs demonstrate high-osteogenic activity and 
increased osteoporotic mandibular bone regeneration, as 
shown by increased expression of Osx and BMP-2 and 
decreased tartrate-resistant acid phosphatase expression. 
This indicates that hUCMSCs can promote osteogenic 
differentiation and increase mineralization and bone 
formation in the osteoporotic bone.8 In addition, hUCMSCs 
are useful for assisting the early-stage process of implant 
osseointegration in patients with osteoporosis. HUCMSCs 
have the potential to increase the proportions of direct 
bone-to-implant contact. They may, indeed, provide an 
earlier and better anchorage of devices, thus allowing for an 
earlier functional loading of implants. Furthermore, recent 
studies about hUCMSCs transplantation with hypoxia 
pretreatment showed amelioration of these cells, and may 
be an alternative for future stem cell based research.34–36

From this research, it can be concluded that hUCMSCs 
induced new bone formation in the implant placement in 
osteoporotic animal models. More in-depth research should 
be conducted in the future, especially regarding measuring 
bone-to-implant contact and using a larger OVX animal 
model, more representative of osteoporosis in humans, so 
that the rate of cure and effectiveness of hUCMSCs can be 
examined in more depth.

REFERENCES

 1.  Kingsberg SA, Larkin LC, Liu JH. Clinical effects of early or surgical 
menopause. Obstet Gynecol. 2020; 135(4): 853–68. 

 2.  Bhattarai HK, Shrestha S, Rokka K, Shakya R. Vitamin D, calcium, 
parathyroid hormone, and sex steroids in bone health and effects of 
aging. J Osteoporos. 2020; 2020: 1–10. 

 3.  Ji M, Yu Q. Primary osteoporosis in postmenopausal women. 
Chronic Dis Transl Med. 2015; 1(1): 9–13. 

 4.  Sozen T, Ozisik L, Calik Basaran N. An overview and management 
of osteoporosis. Eur J Rheumatol. 2017; 4(1): 46–56. 

 5.  Supriyatiningsih, Meiky Fredianto, Muhammad Arifuddin, 
Amalia Rizki Hanif, Salwa Nabilah Cholfa, Sulistiari Retnowati, 
Ima Rismawati. Predictive factors and the relationship between 
the early detection of osteoporosis and pathological fractures 
in Indonesian menopausal women. Bali Med J. 2022; 11(1):                                                          
556–62. 

Copyright © 2024 Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 158/E/KPT/2021. 
Open access under CC-BY-SA license. Available at https://e-journal.unair.ac.id/MKG/index
DOI: 10.20473/j.djmkg.v57.i2.p91–96

https://e-journal.unair.ac.id/MKG/index
https://doi.org/10.20473/j.djmkg.v57.i2.p91-96


96Hendrijantini et al. Dent. J. (Majalah Kedokteran Gigi) 2024 June; 57(2): 91–96

 6.  Bandela V, Munagapati B, Karnati RKR, Venkata GRS, Nidudhur 
SR. Osteoporosis: Its prosthodontic considerations - A review. J Clin 
Diagnostic Res. 2015; 9(12): ZE01-4. 

 7.  Warreth A, Ibieyou N, O’Leary RB, Cremonese M, Abdulrahim M. 
Dental implants: An overview. Dent Update. 2017; 44(7): 596–620. 

 8.  Hendrijantini N, Hartono CK, Daniati RP, Hong G, Sitalaksmi RM, 
Kuntjoro M, Ari MDA. Human umbilical cord mesenchymal stem 
cell-induced osterix, bone morphogenetic protein-2, and tartrate-
resistant acid phosphatase expression in osteoporotic mandibular 
bone. Eur J Dent. 2021; 15(1): 84–9. 

 9.  Lestari MM, Juanda DN, Suniarti DF, Sajuthi D. The effect of 
alendronate to osseointegration of dental implant at ovariectomized 
Sprague Dawley rat. J Int Dent Med Res. 2019; 12(2): 510–5. 

10.  Parithimarkalaignan S, Padmanabhan T V. Osseointegration: an 
update. J Indian Prosthodont Soc. 2013; 13(1): 2–6. 

11.  Kuntjoro M, Hendrijantini N, Prasetyo EP, Legowo D, Sitalaksmi 
RM, Agustono B, Ari MDA, Hong G. Human umbilical 
cord mesenchymal stem cells accelerate and increase implant 
osseointegration in diabetic rats. J Appl Oral Sci. 2023; 31: 
e20220375. 

12.  Araujo MG, Lindhe J. Peri-implant health. J Periodontol. 2018; 89 
Suppl 1: S249–56. 

13.  Hendrijantini N, Kuntjoro M, Agustono B, Maya Sitalaksmi R, 
Dimas Aditya Ari M, Theodora M, Effendi R, Setiawan Djuarsa I, 
Widjaja J, Sosiawan A, Hong G. Human umbilical cord mesenchymal 
stem cells induction in peri-implantitis Rattus norvegicus accelerates 
and enhances osteogenesis activity and implant osseointegration. 
Saudi Dent J. 2023; 35(2): 147–53. 

14.  Hendrijantini N, Hartono P, Ari MDA, Rantan FA. Human umbilical 
cord mesenchymal stem-cell therapy to increase the density of 
osteoporotic mandibular bone. Eur J Dent. 2019; 13(01): 058–63. 

15.  Kuntjoro M, Prasetyo EP, Cahyani F, Kamadjaja MJK, Hendrijantini 
N, Laksono H, Rahmania PN, Ariestania V, Nugraha AP, Ihsan 
IS, Dinaryanti A, Rantam FA. Lipopolysaccharide’s cytotoxicity 
on human umbilical cord mesenchymal stem cells. Pesqui Bras 
Odontopediatria Clin Integr. 2020; 20(1–7): e0048. 

16.  Prasetyo EP, Kuntjoro M, Goenharto S, Juniarti DE, Cahyani F, 
Hendrijantini N, Nugraha AP, Hariyani N, Rantam FA. Calcium 
hydroxide increases human umbilical cord mesenchymal stem cells 
expressions of apoptotic protease-activating factor-1, caspase-3 and 
caspase-9. Clin Cosmet Investig Dent. 2021; 13: 59–65. 

17.  Ariestania V, Hendrijantini N, Prahasanti C, Prasetyo E, Kuntjoro 
M, Sari RP, Maharani AD. Cytotoxicity of HA-TCP scaffold on 
human umbilical cord mesenchymal stem cells using MTT assay. 
Int J Integr Eng. 2022; 14(2): 80–5. 

18.  Prasetyo EP, Kuntjoro M, Cahyani F, Goenharto S, Saraswati W, 
Juniarti DE, Hendrijantini N, Hariyani N, Nugraha AP, Rantam 
FA. Calcium hydroxide upregulates interleukin-10 expression in 
time dependent exposure and induces osteogenic differentiation of 
human umbilical cord mesenchymal stem cells. Int J Pharm Res. 
2021; 13(1): 140–5. 

19.  Kuntjoro M, Agustono B, Prasetyo EP, Salim S, Rantam FA, 
Hendrijantini N. The effect of advanced glycation end products 
(Ages) on human umbilical cord mesenchymal stem cells (hucmscs) 
with regard to osteogenesis and calcification. Res J Pharm Technol. 
2021; 14(8): 4019–24. 

20.  Prasetyo EP, Widjiastuti I, Cahyani F, Kuntjoro M, Hendrijantini 
N, Hariyani N, Winoto ER, Nugraha AP, Goenharto S, Susilowati 
H, Hendrianto E, Rantam FA. Cytotoxicity of calcium hydroxide 
on human umbilical cord mesenchymal stem cells. Pesqui Bras 
Odontopediatria Clin Integr. 2020; 20: e0044. 

21.  Wang K-X, Xu L-L, Rui Y-F, Huang S, Lin S-E, Xiong J-H, Li Y-H, 
Lee WY-W, Li G. The effects of secretion factors from umbilical 
cord derived mesenchymal stem cells on osteogenic differentiation 
of mesenchymal stem cells. PLoS One. 2015; 10(3): e0120593. 

22.  Agarwal R, González-García C, Torstrick B, Guldberg RE, 
Salmerón-Sánchez M, García AJ. Simple coating with fibronectin 
fragment enhances stainless steel screw osseointegration in healthy 
and osteoporotic rats. Biomaterials. 2015; 63: 137–45. 

23.  Barnsley J, Buckland G, Chan PE, Ong A, Ramos AS, Baxter M, 
Laskou F, Dennison EM, Cooper C, Patel HP. Pathophysiology and 
treatment of osteoporosis: challenges for clinical practice in older 
people. Aging Clin Exp Res. 2021; 33(4): 759–73. 

24.  Chen X, Moriyama Y, Takemura Y, Rokuta M, Ayukawa Y. 
Influence of osteoporosis and mechanical loading on bone around 
osseointegrated dental implants: A rodent study. J Mech Behav 
Biomed Mater. 2021; 123: 104771. 

25.  Lucaciu O, Soriţău O, Gheban D, Ciuca DR, Virtic O, Vulpoi A, 
Dirzu N, Câmpian R, Băciuţ G, Popa C, Simon S, Berce P, Băciuţ M, 
Crisan B. Dental follicle stem cells in bone regeneration on titanium 
implants. BMC Biotechnol. 2015; 15(1): 1–18. 

26.  Carvalho MS, Silva JC, Hoff CM, Cabral JMS, Linhardt RJ, da Silva 
CL, Vashishth D. Loss and rescue of osteocalcin and osteopontin 
modulate osteogenic and angiogenic features of mesenchymal stem/
stromal cells. J Cell Physiol. 2020; 235(10): 7496–515. 

27.  Sidambe AT. Biocompatibility of advanced manufactured titanium 
implants-A review. Mater (Basel, Switzerland). 2014; 7(12): 8168–
88. 

28.  Amengual-Peñafiel L, Córdova LA, Constanza Jara-Sepúlveda M, 
Brañes-Aroca M, Marchesani-Carrasco F, Cartes-Velásquez R. 
Osteoimmunology drives dental implant osseointegration: A new 
paradigm for implant dentistry. Jpn Dent Sci Rev. 2021; 57: 12–9. 

29.  Zhang X, Sun J, Zhou M, Li C, Zhu Z, Gan X. The role of 
mitochondria in the peri-implant microenvironment. Exp Physiol. 
2023; 108(3): 398–411. 

30.  Albrektsson T, Tengvall P, Amengual L, Coli P, Kotsakis GA, 
Cochran D. Osteoimmune regulation underlies oral implant 
osseointegration and its perturbation. Front Immunol. 2022; 13: 
1056914. 

31.  Prasetyo EP, Juniarti DE, Sampoerno G, Wahjuningrum DA, Budi 
AT, Hasri D, Tjendronegoro E. The antibacterial efficacy of calcium 
hydroxide–iodophors and calcium hydroxide–barium sulfate root 
canal dressings on Enterococcus faecalis and Porphyromonas 
gingivalis in vitro. Dent J. 2022; 55(2): 62–6. 

32.  Sugiura T, Yamamoto K, Horita S, Murakami K, Kirita T. 
Micromotion analysis of different implant configuration, bone 
density, and crestal cortical bone thickness in immediately loaded 
mandibular full-arch implant restorations: A nonlinear finite element 
study. Clin Implant Dent Relat Res. 2018; 20(1): 43–9. 

33.  Hendrijantini N, Kusumaningsih T, Rostiny R, Mulawardhana 
P, Danudiningrat CP, Rantam FA. A potential therapy of human 
umbilical cord mesenchymal stem cells for bone regeneration on 
osteoporotic mandibular bone. Eur J Dent. 2018; 12(3): 358–62.

34. Nugraha AP, Prasetyo EP, Kuntjoro M, Ihsan IS, Dinaryanti A, 
Susilowati H, Hendrianto E, Narmada IB, Ernawati DS, Nugraha 
AP, Rantam FA. The effect of cobalt (II) chloride in the viability 
percentage and the induced hypoxia inducible factor -1α of human 
adipose mesenchymal stem cells (HAMSCs): An in vitro study. Syst 
Rev Pharm. 2020; 11(6): 308–14.

35.  Nugraha AP, Ihsan IS, Dinaryanti A, Hendrianto E, Susilowati H, 
Prasetyo EP, Narmada IB, Ernawati DS, Nugraha AP, Kharisma VD, 
Riawan W, Rantam FA. Cobalt (II) chloride in enhancing hypoxia 
inducible factor-1α expression of gingival derived mesenchymal stem 
cells in vitro. Res J Pharm Technol. 2021; 14(5): 2639–42. 

36.  Kuntjoro M, Hendrijantini N, Prasetyo EP, Agustono B, Sitalaksmi 
RM, Hendrianto E, Dinaryanti A, Rusli M, Tjendronegoro E, Hong 
G. Cobalt chloride as a hypoxia mimicking agent induced HIF-1α 
and mTOR expressions of human umbilical cord mesenchymal 
stem cells. Pesqui Bras Odontopediatria Clin Integr. 2024; 24: 
e220128.

Copyright © 2024 Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 158/E/KPT/2021. 
Open access under CC-BY-SA license. Available at https://e-journal.unair.ac.id/MKG/index
DOI: 10.20473/j.djmkg.v57.i2.p91–96

https://e-journal.unair.ac.id/MKG/index
https://doi.org/10.20473/j.djmkg.v57.i2.p91-96

