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SUMMARY

Dethlefs J. Effect of teriparatide on maxillary sinus augmentation and osseointegration.

Niteroi: Fluminense Federal University, School of Dentistry; 2022.

Objectives: The aim of this study is to analyze the effect of a dose of teriparatide combined with a
xenograft on maxillary sinus augmentation, to observe the microarchitecture of the neoformed bone and
the primary and late stability of implants installed in these grafts. Material and Method: The sample, is
composed of 42 participants who have clinical and radiological indication of subantral grafting for
presenting residual bone height < 5 mm in the posterior maxillary region for the installation of dental
implants. The sinus augmentation will be grafted with Bio-Oss® or Bio-Oss® combined with 1 dose (20
Mg) of teriparatide (Forteo®). Three months after grafting, at the time of installation of the dental implants,
bone biopsies will be obtained using a short 2mm trephine drill. These bone nucleous will be fixed in 4%
paraformaldehyde and will be submitted to histological and histomorphometric analysis. The stability of
the implants will be measured, at the time of their installation, through the insertion torque, and through
the use of resonance frequency equipment (Ostell®) in three moments: immediately and at 3 and 6
months after the installation of the dental implants. The bone level will be evaluated by cone beam
tomography at four times: TO (baseline), T1 (1 week after maxillary sinus enlargement), T2 (3 months
after maxillary sinus enlargement and before implant insertion) and T3 (6 months after prosthetic
connection). The parametric data obtained will be submitted to the normality test (Shapiro-Wilk test).
Once the normality of the data found is confirmed, the effect of the treatment will be determined by the
paired t-test at 95%. Otherwise, the Mann-Whitney test should be used, considering alpha=5%. The
effect of time on the bone level in relation to baseline and the resonance frequency will be evaluated by
ANOVA or Kruskal-Walis test, depending on the normality of the data, also considering alpha=5%. The
data will be expressed in terms of mean or median and 95% confidence interval. The calculations will

be performed in Prism (Graphpad Software).

Keywords: Teriparatide, Bio-Oss®, bone regeneration, bone substitutes, maxillary sinus floor

enlargement, dental implants .



INTRODUCTION

Severe tooth loss is related to the absence of fewer than nine teeth in the oral cavity and
includes the total absence of teeth or edentulism. The main cause of this is advanced tooth loss,
periodontal disease, trauma, congenital deformities and pathological lesions. Losing teeth and
living with reduced or absent teething can be psychologically traumatic, socially harmful, and
functionally limiting for the affected individual. 3841

According to the National Health Survey 2016-2017 (ENS 2016-2017) 32.3% of the
Chilean population has non-functional dentition (presence of less than 20 teeth in the oral cavity).
Regarding the use of removable prostheses, 22.4% of the population makes use of it, and 36.8%
belong to the range between 45 and 64 years and 65.8% to the group over 65 years. Of the dental
prosthesis users, 85.4% use bimaxillary prosthesis, 13.4% maxillary prosthesis and 1.2%
mandibular prosthesis®. In Brazil, the prevalence of dental use and the need for dental prosthesis
is 78% and 68.7%, respectively.

Several studies have described common biological complications associated with the use of
removable dentures and fixed dentures on dental parts, as well as a greater deterioration of
patients health when compared to the use of prostheses on implants. High rates of pillar tooth
loss, high rates of caries, increased biofilm and gingival indices, increased loss of supporting
tissue, presence of stomatitis, and exacerbation of temporomandibular disorder symptoms have
been reported®.

The increased use of implants for rehabilitation of edentulous jaws, through implant-
supported prostheses, has led several specialists to face challenging cases, with little bone
remaining, especially in the posterior area of the maxilla. In these cases, bone repair may be
insufficient, especially in large defects, classified as critical defects®. Faced with this challenge,
bone augmentation procedures become essential for extreme anatomical situations of decreased
bone quantity and quality.

There are several techniques and materials that can solve this challenge. All of them
have as the main objective to increase the volume and quality of the alveolar bone. One of the

most predictable techniques is the technique of lifting the maxillary sinus by opening a window on



the lateral wall of the sinus, which allows to increase the critical edges with a height of 3 to 5 mm.
Several authors advocate the use of bone grafts in residual maxillary processes, critical, less than
4 mm high®2. However, recent studies advocate the use of the combination of other bone
substitutes in alveolar processes smaller than 3mm, also verifying that the failure rates of implants
installed in non-grafted edges smaller than or equal to 5mm are higher when compared to edges
equal to or greater than 10mm?2"-62,

To date, the survival rate of implants installed in grafted maxillary sinuses varies between
61.7% and 100% in 3 to 5 years?. Currently, we understand that the survival success of implants
installed in enlarged maxillary sinuses is directly related to the materials used in the grafts, in the
design of the implants and in the improvement of surgical techniques. Another important factor
that should be considered is the repair period before the implants are installed. Traditionally,
longer periods of bone repair can improve graft maturation and bone quality, leading to better
implant survival rates*? Some studies report that a period of 9 months, in a maxillary sinus grafted
with demineralized bovine bone, increases the success rate of the implant to 98.9%'%. Other
investigations have demonstrated in vivo models that bone/early implantation contact in grafted
maxillary sinuses is more favorable with autogenous bone than in those installed where a mixture
of 50% autogenous bone and 50% lyophilized demineralized bovine bone (Bio-Oss®) was made
after the 12-week period?.

Within the materials that can be used in bone regeneration techniques we can include
autogenous, allogeneic, xenogeneic and synthetic grafts®'417:3655  Autogenous grafts are
considered the "gold standard" due to their osteogenic, osteoinductive and osteoconductive
characteristics, respectively. However, they have several disadvantages, such as the need for a
second surgical bed, complications related to surgery of the donor area and, in addition, are
subject to a decrease of up to 60% of their volume in 10 months after the installation of the bone
graft.

Inorganic bovine bone (demineralized xenogeneic graft) has been widely used as a filling
material both in increasing the alveolar process and in increasing the floor of the maxillary sinus®*.
Can be found in the literature several studies regarding its use in conjunction with various

materials®. It is a graft that has been described as nonabsorbable, but it has been observed to



have a resorption rate when compared to synthetic grafts such as hydroxyapatite*®#*. In cases
of increased alveolar process, the inorganic bovine bone graft with 10% collagen (Bio-Oss®)
presents better results in the rates of resorption and maintenance of bone microarchitecture when
compared to hydroxyapatite’.

A variety of materials, such as growth factors, morphogenic proteins, leukocyte- and
platelet-rich fibrin, interferon-gamma, and synthetic parathyroid hormone, have been used in
conjunction with bone substitutes to increase both bone quantity and quality in areas of bone
defects?7:11:31.32.3537 |n recent years, teriparatide, a homologue of parathyroid hormone, has
become the object of study in the process of repairing bone defects. Teriparatide (rhPTH(1-34))
is a molecule identical to the 34-amino acid N-terminal sequence of endogenous human
parathyroid hormone, which is manufactured using recombinant DNA technology'2'8. It is
associated with the stimulation of osteoblasts in bone formation and subsequently osteoclasts for
resorption, thus regulating bone remodeling.

Teriparatide is the only anabolic approved by the Food and Drug Administration (FDA)
for the treatment of osteoporosis, thus making it the first- and second-line drug for the treatment
of this disease in several countries. It has also been shown to significantly reduce the time of
union of bone fractures by increasing the formation of bone callus'®2'4°. In dentistry it has been
used in the treatment of medicament related osteonecrosis of the jaw (MRONJ)®:6:98:59,

Because of these effects, teriparatide is being widely explored in alveolar bone
regeneration, in the treatment of chronic periodontitis, osseointegration of implants, maxillofacial
trauma, in orthodontics and dentofacial deformities treatment respectively?826-3360  Most
publications in the dental field are related to animal models and indicate traditional subcutaneous
administration. Only one study evaluated its use in a single dose, demonstrating a positive effect
on the integration of an allogeneic graft and suggests, together with other studies, that clinical
trials are needed to investigate the efficacy of teriparatide in bone regeneration?®.

In this context, it is believed that teriparatide may be an important ally when used in
conjunction with a bone substitute in the increase of the maxillary sinus floor in patients with
atrophic jaws, candidates for rehabilitation with implants. Based on this analysis, the following

question is asked: does the local use of a single dose of teriparatide associated with lyophilized



demineralized bovine bone graft in the maxillary sinus floor augmentation accelerate and improve
the bone repair process of patients with atrophic edges that are candidates for rehabilitation with
implants? The hypothesis of this study is that the combination of a local dose of teriparatide with
lyophilized demineralized bovine bone, used to increase the sinus floor, stimulates, and improves
the bone morphology of patients with atrophic jaws who are candidates for rehabilitation with

implants.



AIMS

General aim

The aim of this study is to evaluate the effect of a single and local dose of teriparatide (20

Mg, Forteo®, Technopharma, Chile) combined with demineralized lyophilized bovine bone graft

(Bio-Oss®) on the maxillary sinus floor enlargement of patients with residual bone height < 5

mm (Misch SA-4 classification) candidates for implants in the posterior maxillary region.

Specific aims

° To describe histologically the effect of a single dose of teriparatide, associated
with a mineralized lyophilized bovine bone graft, on bone repair of sinus floor
augmentation.

° To analyze through histomorphometry the effect of a single dose of teriparatide,
associated with a mineralized lyophilized bovine bone graft, on bone repair of sinus floor
augmentation.

° To evaluate through cone beam tomography the maintenance of bone volume of
mineralized lyophilized bovine bone graft combined with a local dose of teriparatide in
sinus floor augmentation.

° To evaluate the stability of implants installed in grafted maxillary edges with the
association of a single dose of teriparatide, associated with a mineralized lyophilized

bovine bone graft.



JUSTIFICATIONS

Maxillary sinus augmentation is considered one of the most predictable and conventional
procedures for the treatment of alveolar borders with insufficient bone volume and density. Itis a
procedure that aims to increase bone height through the placement of bone grafts/substitutes and
consequently allows the installation of dental implants. It is also a procedure that should be
performed in two stages (grafting and subsequent implant installation) in cases of severe atrophy
(<5 mm residual height) with the aim of increasing the bone volume of the region to achieve
primary stability at the time of installation of dental implants.

Along with this, several researchers have focused on studying the effectiveness of
different bone substitutes to ensure optimal results both in the bone repair process and in the
proper bone integration around dental implants, vital for the rehabilitation of edentulous patients.
Teriparatide (PTH1-34) has been shown through several studies to have positive effects on bone
regeneration through cellular mechanisms of proliferation and differentiation and thus improving
trabecular bone formation.

In addition, it has been described that xenografts treated locally with teriparatide show
clear evidence of increased cortical bone thickness, increased mineral apposition, and decreased
amount of bone graft particles due to an increase in bone regeneration through the process of
bone remodeling and replacement, in which bone graft particles are replaced by new bone'®. We
believe that the local mixture of teriparatide with xenograft accelerates bone mineralization in
addition to increasing the hardness of regenerated bone, factors that directly influence the
osseointegration of implants installed in these sectors.

Finally, sinus floor augmentation represents an excellent model to study the behavior of
bone repair based on bone substitutes, since a sample of the repaired bone can be taken at the
time of implant installation, precisely in the same place where it will be placed. The relevance of
this study is to show the importance of developing protocols that favor the prompt installation of
dental implants after repair of the maxillary sinus floor augmentation with the objective that
patients can be rehabilitated in a shorter time. Being the use of teriparatide, in local dose, mixed

with a xenograft, an excellent possibility to improve both the quality of the repaired bone, as well



as to reduce the waiting time between the surgical steps and the prosthetic steps. Thus, a prompt
oral rehabilitation can be guaranteed, improving the quality of stomatognathic health, and

consequently improving the quality of life of patients.



EXPECTED RESULTS

The results of this study, once proven, may present the use of teriparatide as a protocol
for the regeneration of critical bone defects not only in implantology, also be used in the
reconstruction of defects associated with dentofacial anomalies, in the treatment of complications

and bone sequelae related to trauma and oral and maxillofacial pathologies.



MATERIAL AND METHODS

This project corresponds to a randomized, triple-blind controlled clinical study that is part
of the Doctoral Program in Dentistry, Concentration Area of Oral and Maxillofacial Surgery and
Traumatology of the Fluminense Federal University - UFF (Niterdi, Rio de Janeiro, Brazil) that will
be carried out at the Department of Oral and Maxillofacial Surgery and Traumatology of the
School of Dentistry of the University of Valparaiso in conjunction with the Biomedical Research
Center of the School of Medicine of the Valparaiso University between the years 2022 and 2025.

The universe of study are patients treated at the Dental Clinic of the Faculty of Dentistry
of the University of Valparaiso, Chile, for rehabilitation with dental implants. Patients should be
evaluated for rehabilitation by the Postgraduate Course in Oral and Maxillofacial Implantology in
conjunction with surgical planning by the Postgraduate Course in Oral and Maxillofacial Surgery
and Traumatology of the School of Dentistry of the University of Valparaiso. Within the inclusion
criteria, participants must be between 25 and 70 years of age, requiring the installation of implants
in the upper jaw and presents pneumatization of maxillary sinus of <5 mm in height (according
to conebeam tomography baseline) and must sign the free and informed consent for participation
in this study. Exclusion criteria are: residual edges smaller than 4 mm in height, uncontrolled
systemic disease (ASA 3, 4, 5 and 6), presenting with osteoporosis or any disease of bone
metabolism, having undergone radiotherapy, patients with cancer, any systemic condition that
affects calcium absorption, kidney disease, having coagulation disorders, history of sinusitis,
maxillary sinus pathology, heavy smoking (> 1 pack per day), drug or alcohol users, pregnancy,
treatment with drugs that affect bone metabolism , treatment with immunosuppressants, allergies,
uncontrolled periodontal pathology and tooth extractions in the last three months.

The sample was calculated using https://www.sealedenvelope.com/power/continuous-
superiority/. The calculation was performed based on the results of previous studies, with a
standard deviation of 5.62% for the first variable (amount of bone formed) and a difference of
6.5% between the test and control groups, obtaining an effect size of 0.98.8" Occupying this effect
size with a margin of error of 0.05 and a confidence level of 90%, a sample size of 38 participants

was obtained, 19 for the control group (CG) and 19 for the study group (GTP), respectively.



Projecting the withdrawal of participants add up to 2 more participants in each group, so each
group will have 21 participants counting with 42 participants as a total sample.

This study was approved by the Scientific Ethical Committee of the University of
Valparaiso (CEC 256-22) following Law No. 20,120 (Law of Scientific Research on Human
Beings) and Law No. 20,584 (Law of Rights and Duties of the Patient) issued by the Ministry of
Health of the Government of Chile. And following the normative for controlled clinical trials, the
protocol is being submitted to the registration of protocols in Clinical Trials. All participants must
sign the free and informed consent where the essential aspects of this investigation, its purpose,
benefits, risks and alternative procedures and treatments are made known. This consent will
provide adequate, sufficient, and understandable information in relation to the investigation. The
participant shall have the right not to authorize the investigation or to revoke his/her consent at
any time if he/she so wishes.

All selected participants should be evaluated imaging through a conebeam tomography
of the maxillary region at the following moments: preoperative (TO or baseline; inclusion criteria),
one week after maxillary sinus enlargement (T1), at 3 months after maxillary sinus enlargement
and before implant insertion (T2), and finally 6 months after prosthetic connection (T3). All images
should be used for linear measurement of the floor of the maxillary sinus and should include from
the lowest point of the alveolar process to the most superior radiopaque point of the floor of the
maxillary sinus exactly in the region where the grafts will be performed and later the installation
of the implants.

To standardize the imaging evaluation, all participants should take the images in the
same radiological center, under the attention of the same radiologist, performed in the same
conebeam taking equipment (Instrumentarium OP300 Maxio, Instrumentarium®, Finland), with
FOV 6x8 with corresponding voxel, participants patterned with octagonal lights, using a
radiographic guide, made by the researcher. Allimages will be digitized and analyzed by the same
radiologist through the Cliniview™ software (Instrumentarium®, Finland).

For randomization, the system provided in https:// www.sealedenvelope.com. In order to

reduce the risk of bias on the part of the surgeon (principal investigator) once the patient enters

the center surgical, a member of the staff of this, will be responsible for to perform the
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randomization and upload this information (participant identification and graft used) to a
spreadsheet shared with one of the alternative researchers. For the TPG (study group) will be
made the mixture of 20ug of teriparatide (Forteo®, Ely Lilly, France, Technofarma- Chile), 0.64ml
of saline solution (Sodium chloride 0.9%, Baxter, Chile) with 1g of Bio-Oss® (Geistlich,
Dentalmax, Santiago, Chile). In the CG (control group) will be made the mixture of 1gr of Bio-
Oss® (Geistlich, Dentalmax, Santiago, Chile) with 0.72ml of saline solution (sodium chloride
0.9%, Baxter, Chile).

The volumes of saline needed to hydrate 1gr of Bio-Oss® of the study (TPG) and control
(CG) groups, respectively, were calibrated in the laboratory of the Biomedical Research Center
of the Faculty of Medicine of the University of Valparaiso by the principal investigator. In TPG a
dose of Forteo ® is applied (20ug of teriparatide per dose of 80ul) to 1gr of Bio-Oss®. In order to
obtain complete hydration of the graft, through a BioPette ™ (Plus Single-channel 20 — 200l
pipette (Labnet, Edison, NJ- USA) 80ul of saline solution (0.9% sodium chloride, Baxter, Chile)
were applied until hydration of the graft was achieved, calculating a total of 640 ul. For CG, which
does not present teriparatida, occupying the same pipette, 720 ul of saline solution (0.9% sodium
chloride, Baxter, Chile) were used. It should be noted that the employee responsible for the
randomization will be the same to perform the preparation of the grafts. For this procedure this
employee will be calibrated by the principal investigator in the use of pipette and mixture of grafts.

The surgical procedures will be performed in the Surgical Center of the School of
Dentistry of the University of Valparaiso by the principal investigator (maxillofacial surgeon)
belonging to the Service of Oral and Maxillofacial Surgery and Traumatology of this School. All
maxillary sinus augmentations should be performed by the same surgeon and assistant.
Participants should be premedicated with antibiotic therapy, nasal decongestant, and anti-
inflammatory drugs 24 hours prior to surgery. Fisiolimp (sodium chloride 0.9%, Pasteur
Laboratory, Chile) will be indicated as a decongestant, administering a puff in each nostril every
6 hours from three days before the procedure; amoxicillin 1g (Ambiotic 1 g, Laboratorio Chile,
Teva) and naproxen sodium 550 mg (Laboratorio Chile, Teva), both 1 hour before surgery. For
the procedure, local anesthesia will be used with Articaine 4% 1:100,000 (Septanest 4%

1:100,000, Septodont, France). A mucoperiosteal flap will be raised to access the anterior wall of



the maxillary sinus. Access to the maxillary sinus will be done through osteotomy, using a
piezosurgery (VarioSurg, NSK, Nakanishi Inc, Japan) under saline irrigation. Subsequently, the
Schneider membrane will be raised carefully and, according to the randomization process, the
graft material (Bio-Oss® mixed with saline solution or Bio-Oss® mixed with Forteo®) will be
delivered for placement on the floor of the maxillary sinus below the Schneider membrane.

Next, the access window to the maxillary sinus and the Schneider membrane will be
protected with resorbable membrane of bovine collagen type | (Bio-Gide® Membrane 25x25mm,
Geistlich, Dentalmax, Santiago, Chile). The mucoperiosteal flap will be repositioned and closed
with Vycril 4.0 (Ethicon, J&J Surgical Technologies, USA). All patients will be indicated for
postoperative Amoxicillin 1gr (Ambiotic 1gr, Laboratorio Chile, Teva) 1 tablet every 12 hours for
7 days, Naproxen Sodium 550mg 1 tablet every 12 hours for 5 days (Laboratorio Chile, Teva),
Paracetamol 500 mg 1 tablet every 8 hours for 3 days. All participants should be monitored 7
days after surgery for post-surgical control and radiographic control (T1).

The installation of the implants (Mis SEVEN, Mis Implants, Mis® Implants Technologies,
Israel, MBM Business Group SpA, Chile) will be planned once the images (T2) are evaluated 3
months after the graft placement. The Mis Seven implants feature a conical design, internal
connection type platform switch and surface treated through blasting and acid attack. At this
stage, the implant placement surgery should be performed by the same team of surgeons as in
the first stage of the surgery. On this occasion, local anesthesia will be performed with 4%
articaine 1:100,000 (Septanest 4% 1:100,000, Septodont, France). A mucoperiosteal flap will be
raised in the area for implant installation and a bone core 10 mm high and 2 mm in diameter will
be removed with a 2 mm trephine drill (DSP Medical, Dental Tech, Santiago, Chile). The bone
biopsied through this nucleus is part of the region where the implant will be installed, and the
height of the sample depends on the surgical planning previously performed (radiographic control
3 months). The sequence of drills will continue for implant placement, installation of the implant
itself and finally the verification of the insertion torque and measurement of the resonance
frequency with the Osstell ® (W&H; Goteborg, Sweden) in the implant already installed. The
mucoperiosteal flap should be repositioned and sutured with Vycril 4.0 (Ethicon, J&J Surgical

Technologies, USA). For the postoperative period naproxen sodium 550 mg 1 tablet every 12



hours for 5 days (Laboratory Chile, Teva) and Paracetamol 550 mg 1 tablet every 8 hours for 3
days. All participants should be controlled 7 days after surgery. Three months after the installation
of the implants, a radiographic and clinical control (T3) will be performed to evaluate the
osseointegration, graft and measurement of the resonance frequency with the Osstell®, for
subsequent referral to functional and aesthetic procedures in the Post-Graduation in Oral and
Maxillofacial Implantology of the School of Dentistry of the University of Valparaiso, Chile.

For the beginning of the histological and histomorphometric analysis, the bone nuclei
removed in the implant placement surgery should be fixed with 4% paraformaldehyde (PFA 4%)
and stored at 4°C for 24 hours before the beginning of the laboratory procedures. These samples
will be worked together with the collaborators of the Center for Biomedical Research, of the
Laboratory of Morphological Analyses of the Faculty of Medicine of the University of Valparaiso.

All bone samples should be decalcified in 10% EDTA solution for 2 weeks at room
temperature. Subsequently, these samples must be subjected to an ascending series of alcohol,
starting 50, 70, 80, 95, 100, then Xylol. Then they should be soaked in paraffin blocks and these
should be cut into serial sections 5 um thick along the central axis of the biopsies, deparaffinized,
rehydrated and stained with hematoxicillin and eosin.?>?* Three sections of each sample should
be randomly and blindly analyzed by an experienced pathologist who should perform descriptive
histological analysis using a millimeter scale fitted to the 40x magnification eyepiece of a BH2
microscope (Olympus Optical Company, Ltd., Tokyo, Japan) for counting blood vessels,
mesenchymal stromal cells, osteoblasts, osteoclasts, and osteocytes per mm2. In addition, a
histomorphometric analysis of separately quantified areas will be performed by means of a point
system that should be stored in the ImageJ® SOFTWARE (NIH, USA, http://rsb.info.nih.gov/ij) in
10 random images captured at 10x magnification under a microscope with DP70 digital camera
(Olympus) to study the following parameters: necrosis, inflammation, vascularization and
angiogenesis, fibrosis, presence of medullary adipose tissue, bone neoformation and foreign
body reaction. It is noteworthy that the collaborators who will work in the histological evaluation
of the samples will be blind as to the attribution of the graft, because the samples donated by the
participants will have a registration number that replaces the name of the participant (e.g.

PARTICIPANT 1 ) in order to reduce the risk of bias, in addition to maintaining the anonymity



during the study. However, these antecedents are recorded in the database of the principal
investigator, so it will be known to which sample each participant corresponds.

The implant stability coefficient (ISQ) will be evaluated by measuring the resonance
frequency (Osstell ®, Goteborg, Sweden) and the insertion torque at the time of implant
installation. The value of the implanted stability coefficient will be measured in two mutually
perpendicular directions (distal/medial and palatine/bucal).

Statistical calculations will be performed in Prism (GraphPad Software). The parametric
data obtained should be submitted to the normality test (Shapiro-Wilk test). Once the normality of
the data is confirmed, the effect of the treatment will be determined by the paired t-test at 95%;
Otherwise, the Mann-Whitney test should be used, considering alpha= 5%. The effect of time on
the bone level in relation to baseline and the frequency of resonance will be evaluated by ANOVA
or Kruskal-Walis test, depending on the normality of the data, also considering alpha= 5%. Data

are expressed in terms of mean or median and 95% confidence interval.



REFERENCES

1. Aghaloo TL, Misch C, Lin GH, lacono VJ, Wang HL. Bone Augmentation of the Edentulous
Maxilla for Implant Placement: A Systematic Review. Int J Oral Maxillofac Implants. 2016;31
Suppls19-30

2. Agnihotri R, Gaur S. Applications of teriparatide for alveolar bone regeneration: a systematic
review. J Int Soc Prevent Communit Dent 2021; 11:639-43.

3. AlKudmani H, Al Jasser R, Andreana S. Is Bone Graft or Guided Bone Regeneration Needed
When Placing Immediate Dental Implants? A Systematic Review. Implant Dent. 2017
Dec;26(6):936-944

4. Altundal H, Sayrak H, Yurtsever E, Goker K. Inhibitory effect of alendronate on bone
resorption of autogenous free bone grafts in rats. J Oral Maxillofac Surg 2007; 65(3), 508-516.
5. Amini AR, Laurencin CT, Nukavarapu SP. Bone tissue engineering: recent advances and
challenges. Crit Rev Biomed Eng 2012; 40(5), 363-408

6. Anabtawi M, Tweedale H, Mahmood H. The role, efficacy, and outcome measures for
teriparatide use in management of medication-related osteonecrosis of the jaw. Int J Oral
Maxillofac Surg 2021:50;501-510

7. Arenaz-Bua J, Luaces-Rey R, Sironvalle-Soliva S, Otero-Rico A et al. A comparative study of
platelet-rich plasma, hydroxyapatite, demineralized bone matrix and autologous bone to promote
bone regeneration after mandibular impacted third molar extraction, Med. Oral Patol. Oral Cir.
Bucal. 2010; 15(3):483-489

8. Bashitski JD, Eber RM, Kinney JS, Benavides E, Maitra S, Braun TM, et al.teriparatide and
osseous regeneration in the oral cavity. N Engl J Med 2010; 363:2396-405.

9. Calasans-Maia MD, Mourao CFAB, Alves ATTN, Sartoretto SC, Uzeda MJPG, Granjeiro JM.
Maxillary Sinus Augmentation with a New Xenograft: A Randomized Controlled Clinical Trial. Clin
Implant Dent Relat Res 2015: 17(2); 586-593.

10. Chul W, Hoon N, Hoon J, Ul H, Tak K.: a retrospective bicenter comparative study of surgical
outcomes of atypical femoral fracture: Potential effect of teriparatide on fracture healing and callus

formation. Bone 2019; 128: 115033



11. Dallari D, Fini M, Stagni C, Torricelli P, Aldini NN, Giavaresi G, Cenni E, Baldini N,
Cenachi A, Bassi A, Giardino R, Fornasari PM, Giunti A. In vivo study on the healing of bone
defects treated with bone marrow stromal cell, platelet rich plasma, and freeze-dried bone
allografts, alone and in combination. J Orthop Res. 2006; 24(5), 877-888

12. Dayisoylu EH, Senel FC, Ungor E, et al: The effect of adjunctive parathyroid hormone injection
on bisphosphonate-related osteonecrosis of the jaws: animal study. Int J Oral Maxillofac Surg
2013; 42:1475-80

13. D’Amelio P, Tamone C, Sassi F, D'Amico L, Patane S, et al. Teriparatide increases the
maturation of circulating osteoblast precursors. Osteoporos Int. 2012; 23: 1245-1253

14. De Luis D, Oliveira LS, Pires FR, Reiner T, Armada L, Nunes Ma, er al. Incorporation and
remodeling of bone block allografts in maxillary reconstruction: a randomized clinical trial. Clin
Implant Dent Relat Res 2017; 19:180-94

15. De Vicente JC, Hernandez-Vallejo G, Brana-Abascal P, Pena |. Maxillary sinus augmentation
with autologous bone harvested from the lateral maxillary wall combined with bovine-derived
hydroxyapatite: clinical and histologic observations. Clin Oral Implants Res 2010; 21:430-8.

16. de Oliveira D, de Oliveira Puttini I, Silva Gomes- Ferreira PH, Palin LP, Matsumoto MA,
Okamoto R. Effect of intermittent teriparatide (PTH- 1-34) on the alveolar healing process in
orchidectomized rats. Clin Oral Investiga 2019; 23:2313-22

17. Dias RR, Sehn FP, de Santana Santos T, Silva ER, Chaushu G, Xavier SP. Corticocancellous
fresh-frozen allograft bone blocks for augmenting atrophied posterior mandibles in humans. Clin
Oral Implants Res 2016; 27:39-46

18. Eastell R, Walsh JS. Anabolic treatment for osteoporosis: teriparatide. Clin Cases Miner Bone
Metab 2017;14(2):173-8

19. Enam H, Leach D, Sun Z, Tee BC, Karatas B, Kim DG, Jatana C. The effect of parathyroid
hormone analogues when added to mineralized bone xenografts. J Oral Impl 2020;40(4): 372-
379.

20. Erdem NF, Ciftci A, Acar AH. Three-year clinical and radio- graphic implant follow-up in sinus-

lifted maxilla with lateral window technique. Implant Dent 2016; 25:214-221.



21. Esbrit P, Alcaraz MJ. Current perspectives on parathyroid hormone (PTH) and PTH related
protein (PTHrP) as bone anabolic therapies. Biochem Pharmacol 2013; 85: 1417-1423.

22. Ferreira CE, Novaes Jr A, Martinelli CB, Almeida AL, Batitucci RG. Grafting the nasal cavity
with 100% anorganic bovine bone: a clinical and histomorphometric pilot report. Int J Oral
Maxillofac Implants 2013; 28:670-676

23. Galindo Moreno P, Buitrago J G, Padial Molina M, Fernandez-Barbero J E, Ata-Ali J, O" Valle
F. Histopathological comparison of healing after maxillary sinus augmentation using xenograft
mixed autogenous bone versus allograft mixed autogenous bone. Clin Oral Implant Res. 2018;
29:192-201.39

24. Galindo Moreno P, Abril Garcia D, Carrillo Galvez AB, Zurita Federico, Martin Morales
Natividad, O ‘Valle F, Padial Molina Miguel. Maxillary sinus floor augmentation comparing bovine
verus porcine bone xenografts mixed with autogenous bone graft. A split-mouth randomized
controlled trial. Clin Oral Impl Res. 2022; 33:524-536

25. Greenspan SlI, Vujevich K, Britton C, et al. Teriparatide for treatment of patients with
bisphosphonate associated atypical fracture of the femur, Osteoporos Int 2018;29:501-506

26. Gul C., Késehasanogullari M. Evaluation of a single dose applied teriparatide effect on bone
healing with histomorphometric and micro-ct analysis. J Craniomaxillofac Surg. 2021; 49: 98-103.
27. Ha J, Son JH, Sung IY, Cho YC, Choi JH. Clinical outcomes of implants placed in grafted
maxillary sinus via lateral approach. A 10 year follow up study. Journal of Dental Sciences 2020:
15; 270-277

28. Jensen T, Schou S, Gundersen HJ, Forman JL, Terheyden H, Holmstrup P. Bone-to-implant
contact after maxillary sinus floor augmentation with Bio-Oss and autogenous bone in different
ratios in mini pigs. Clin Oral Implants Res 2013; 24:635-644.

29. Jung RE, Hammerle CH, Kokovic V, Weber FE. Bone regeneration using a synthetic matrix
containing a parathyroid hormone peptide combined with a grafting material. Int J Oral Maxillofac
Implants. 2007; 22:258-66.

30. Jung RE, Cochran DL, Domken O, et al. The effect of matrix bound parathyroid hormone on

bone regeneration. Clin Oral Implants Res. 2007; 18:319-25.



31. Kelly M, Akinsemoyin O, Anderson PA. Systematic Review and Meta-Analysis of recombinant
human bone morphogenetic protein -2 in localized alveolar ridge and maxillary sinus
augmentation. J Oral and Maxillofac Surg 2016;74: 928-939

32. Kim MS., Lee JS., Shin HK et al. Prospective randomized, controlled trial of sinus grafting
using Escherichia-coli-produced rhBMP-2 with a biphasic calcium phosphate carrier compared
to deproteinized bovine bone. Clin Oral Implants Res 2015; 26:131

33. Kuchler U, Luvizuto ER, Tangl S, Watzek G, Gruber R. Short- term teriparatide delivery and
osseointegration: A clinical feasibility study. J Dent Res 2011; 90:1001-6.

34. Kihl S, Brochhausen C, Gotz H, Filippi A, Payer M, d’'Hoedt, B., Kreisler M. The influence of
bone substitute materials on the bone volume after maxillary sinus augmentation: a micro
computerized tomography study Clin. Oral Investig. 2013;17(2): 543-551.

35. Li P, Honda Y, Arima Y, Yasui K, Inami K, Nishiura A, Hashimoto Y, Matsumoto N. Interferon
y enhances the efficacy of autogenous bone grafts by inhibiting postoperative bone resorption in
a rat calvarial defects. J Prosthodont Res. 2016; 60(3), 167-176.

36. Lima JLO, Sendyk DI, Sendyk WR, Polo ClI, Correa L, Zindel Deboni MC. Growth dynamic of
allogenic and autogenous bone grafts in a vertical model. Braz Dent J 2018; 29:325-34.

37. Marukawa E, Oshina H, Lino G, Morita K. Reduction of bone resorption by the application of
platelet rich plasma (PRP) in bone grafting of the alveolar cleft. J Craniomaxillofac Surg. 2011;
39(4), 278-283.

38. Ministry of Health of Chile. National Health Survey 2016-2017. Second delivery of results

[Internet]. Available in: http://epi.minsal.cl/wp-

content/uploads/2021/03/Informe _Salud Bucal ENS 2016 17.pdf

39. Moldovan O, Rudolph H, Luthardt RG. Biological complications of removable dental
prostheses in the moderately reduced dentition: a systematic literature review. Clin Oral Invest.
2018; 22, 2439-2461

40. Moon JW, Sohn DS, Heo JU, Kim JS. Comparison of two kinds of bovine bone in maxillary
sinus augmentation: a histomorphometric study. Implant Dent 2015; 24:19-24.

41. Morales A, Hussein N, Polanco J, et al. Synopsis of The Oral Health Situation in Chile - Part

[ll. National Health Surveys. Int. J. Interdiscip. Den 2020; 13(3); 140-147


http://epi.minsal.cl/wp-content/uploads/2021/03/Informe_Salud_Bucal_ENS_2016_17.pdf
http://epi.minsal.cl/wp-content/uploads/2021/03/Informe_Salud_Bucal_ENS_2016_17.pdf

42. Mordenfeld A, Lindgren C, Hallman M. Sinus floor augmentation using Straumann®
BoneCeramic and Bio-Oss ® in a split mouth design and later placement of implants: a 5-year
report from a longitudinal study. Clin Implant Dent Relat Res 2016; 18:926-936.

43. Myoken Y, Fuijita, Y, Toratani S. Teriparatide treatment for medication-related osteonecrosis
of the jaw: Is this an effective option? Journal of Clinical Oncology. 2021; 39(2), 172-173.

44. Narukawa M, Suzuki O, Mayahara M, Imamura E, Takagi | et al. Resorption analysis of
deproteinized cancellous bovine bone. Dental Materials Journal 2020;39(5):760-765

45. Nakajima A., Shimoji N., ShimoniK., Shimizu S., Moriya H., Einhorn T.A., et al: Mechanisms
for the enhancement of fracture healing in rats treated with intermittent low dose human
parathyroid hormone (1-34). J Bone Miner Res 2002; 17: 2038-2047

46. Nauth A, Lane J, Watson JT, Giannoudis P. Bone graft substitution and augmentation. J
Orthop Trauma 2015; 29(suppl.12): S34-38.

47. Pabst AM, Walter C, Ehbauer S, et al. Analysis of implant- failure predictors in the posterior
maxilla: a retrospective study of 1395 implants. J Cranio Maxillofac Surg 2015;43: 414-420

48. Rodella LF, Favero G, Boninsegna R, Buffoli B, Labanca M, Scari G, Saco L, Batani T,
Rezzani R. Growth factors, CD34 positive cells, and fibrine network analysis in concentrated
growth factors fraction. Microsc Res Technol. 2011; 74; 772-7.

49. Rubin MR, Bilezikian JP. Parathyroid hormone as an anabolic skeletal therapy. 2005; 65:
2481-2498.

50.Silva BNS, Rodrigues JLS, Moreira JC, Matos FC, Cesar CPHAR, Repeke CEP, Paranhos
LR.. The influence of teriparatide in induced tooth movement; a systematic review. J Clin Exp
Dent 2016; 8(5), 15-21

51. Shakibaie MB. Comparison of the effectiveness of two different bone substitute materials for
socket preservation after tooth extraction: a controlled clinical study, Int. J. Periodontics Restor.
Dent. 2013;3 (2): 223-228.

Soydan SS, Cubuk S, Bayrak B, Uckan S. Comparative Evaluation of Simultaneous Maxillary
Sinus Floor Elevation, and Implant Placement with residual bone heights grater or less than 5mm.

International Journal of Oral and Maxillofacial Implants. 2015; 30(1): 179-183.



52. Sugiura T, Kashii M, Matsuo Y, Morimoto T, Honda H, Kaito T, el al. Intermittent administration
of teriparatide enhances graft bone healing and accelerates spinal fusion in rats with
glucocorticoid-induced osteoporosis. Spine J 2015; 15: 298-306.

53. Wallace SS, Froum SJ. Effect of maxillary sinus augmentation on the survival of endosseous
dental implants. A systematic review. Ann Periodontol 2003; 8:328-343.

54. Watts NB, Aggers D, McCarthy EF, et al. responses to treatment with teriparatide in patients
with atypical femur fractures previously treated with bisphosphonates. J Bone Miner Res 2017;
32:1027-1033.

55. Wood RA, Mealey BL. Histologic comparison of healing after tooth extraction with ridge
preservation using mineralized versus demineralized freeze-dried bone allograft. J Periodontol
2012;83: 329-36.

56. Yoshiga D, Yoshioka I, Habu M, Sasaguri M, Tominaga K. Effective ancillary role and long-
term course of daily or weekly teriparatide treatment on refractory medication-related
osteonecrosis of the jaw: a clinical case series. British Journal of Oral and Maxillofacial Surgery.
Article in press

57. Yu W, Su j. The effects of different doses of teriparatide on bisphosphonate-related
osteonecrosis of the jaw in mice. Oral Dis 2020;26:609-20

58. Zandi M, Dehghan A, Mohammadi-Mofrad A, Amini P, Vahdatina F. Short-term perioperative
teriparatide therapy for the prevention of medication-related osteonecrosis of the jaw: a
randomized, controlled preclinical study in rats. J Craniomaxillofac Surg 2017; 45: 275-280.

59. Zandi M, Dehghan A, Zandipoor N, Amini P, Doulati S. Effect of different doses and durations
of teriparatide therapy on resolution of medication related osteonecrosis of the jaw: a randomized,
controlled preclinical study in rats. J Craniomaxillofac Surg. 2018; 46 (3), 466-472.

60. Zandi M, Dehghan A, Gheysari F, Rezaelan L, Mezerji NM. Evaluation of teriparatide effect
on healing of autografted mandibular defects in rats. J Craniomaxillofac Surg. 2019; 47(1), 120-
126.

61. Zhang Y, Tangl S, Huber C, Lin Y, Qiu L, Rausch-Fan X. Effects of Choukroun’s platelet-rich

fibrin on bone regeneration in combination with deproteinized bovine bone mineral in maxillary



sinus augmentation: A histological and histomorphometric study. J Cranio Maxillofacial Surg
2012;40(321-328).

62. Zinser MJ, Randelzhofer P, Kuiper L, Zoller JE, De Lange GL. The predictors of implant failure
after maxillary sinus floor augmentation and reconstruction: a retrospective study of 1045

consecutive implants. Oral Surg Oral Med Oral Pathol Oral Radiol 2013; 115:571-582.



