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Abstract
Background: Data related to HIV-positive patients with dental implants is short-termed and limited. Recent data
showed that both HIV and antiretroviral therapy (ART) could lead to low bone mineral density (BMD). The aim of
this study was to determine the success rate of dental implants in HIV-positive patients.
Materials and methods: Dental files of 67 HIV-positive patients were selected and reviewed retrospectively, and 18
subjects agreed to return for examination. All implants were evaluated using periapical radiographs that were
calibrated to measure bone loss. Crestal bone loss, mobility, and lack of infection were the parameters used to
determine implant success.
Results: All dental implants evaluated lacked mobility and infection. Bone loss averaged 0.5 mm in 3.6 years.
Subjects were consistent with maintenance and oral hygiene.
Conclusions: Within the limitations of this study, the results suggest that the placement of dental implants on HIVpositive patients is safe and effective.
Keywords: HIV-positive patients, Antiretroviral therapy, Bone loss, Dental implant

Background
HIV infection continues to be a life-threatening disease.
In 2009, an estimated 2.6 million newly infected cases
were reported [1]. Although the growth rate has plateaued in the last decade, numbers still run high [2]. Prevention efforts, scientific research, and the development
of new medication have led to improve the quality and
life expectancy of HIV-positive patients [1, 3, 4, 5].
Antiretroviral therapy has been proven to be a lifesaving approach for many millions infected [1, 6]. Advances in HIV treatment have improved since the first
antiretroviral, zidovudine, in 1987. A monotherapy of nucleoside reverse transcriptase inhibitor (NRTI) provided
dramatic survival benefit but did not sustain viral progression. In the 1990s, protease inhibitors (PI) changed the
course of HIV epidemic. Combination therapy led to rapid
reduction of HIV RNA and improved immune function.
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In 2014, there are 28 antiretroviral drugs belonging to six
different mechanistic classes. Older agents were replaced
by new drugs that are more potent, less toxic, and less
dosing frequency [1].
Advances in the last and availability of antiretroviral
therapy have led to dramatic reductions in the mortality
and morbidity of HIV patients [4]. Antiretroviral therapy
is also effective in lowering the risk of mother-to-child
transmission as well as a post-exposure prophylaxis
measure for individuals exposed to HIV [1, 2, 7].
Current knowledge suggests that both, HIV and antiretroviral therapy, are likely to contribute to bone disorders, such as osteopenia and osteoporosis [7, 8, 9]. The
virus itself affects osteoblast and osteoclast function.
Antiretroviral therapy, especially the initial dosages,
seems to accelerate bone mineral loss [10, 11].
Unlike orthopedic implants which are in a closed environment, dental implants have direct communication
to the oral cavity. Exposure to microflora of the mouth
in conjunction with immunosuppression may affect the
long-term outcome of dental implants [1].
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Despite the adverse effects, the use of antiretroviral
therapy has led HIV-positive patients to maintain low
viral loads and normal CD4 counts making them more
likely to opt for an elective surgery such as dental implants. Systematic review by Ata-Al et al. [12] mentions
the prognosis of dental implants in HIV-positive patients
to be similar to that of HIV-negative patients. Strietzel et
al. [13] concluded that no modification in the dental
routine is required for HIV-positive patients. Oliveira et
al. [14], in a pilot study, compared 12-month implant
success in 25 HIV-positive patients with different antiretroviral therapies and obtained positive outcomes regardless of the antiretroviral therapy taken, CD4 count
and viral load. However, predictability of the long-term
success of dental implants in HIV-positive patients has
not been fully documented [7, 13–15].
The purpose of this study was to evaluate the success
of dental implants placed in HIV-positive patients and
provide insights to any trend of possible failures.

Materials and methods
The protocol was approved by the Institutional Review
Board (IRB) of Boston Medical Center (BMC). The Ryan
White Foundation helps funding dental treatment for
HIV patients at Henry M. Goldman School of Dental
Medicine (GSDM) at Boston University [16, 17]. Information from that data pool was used to find potential
participants. The criteria for selection were HIV-positive
subjects with dental implant-related treatment. One
hundred fifty subjects matched the criteria. The list was
further narrowed to 70 potential subjects who had dental implant(s) placed at GSDM, who were 18 years of age
or older, and had an existent and accessible dental record with all pertinent clinical and radiographic information on the dental implant(s) at the day of placement.
The exclusion criteria were the following: pregnant
women, patients diagnosed with HIV after implant
placement, and missing records of radiographs. Seventy
invitational letters of participation were sent and 18 out
of the 70 patients contacted decided to return.
The follow-up time ranged from 7 months to 11.5
years post implant placement. This included records of
implants placed between 2005 and 2017. The average
follow-up was 3.6 years.
A standard questionnaire was filled out for every patient based on their dental records and interview done
on the day of the appointment. Patients were divided
into two groups: the Examination group that included
the 18 patients which participated at the dental appointment and the Chart group which included 49 patients
that did not attend but were eligible to be part of the
research with complete information on their dental implant and health status including medications. Three
subjects were deceased and therefore excluded.
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Same data was collected for both groups except the
Chart group did not include the follow-up radiographic
examination or the patient’s own assessment regarding
overall health, oral health, and dental hygiene habits.
History of periodontal disease was evaluated through
periodontal chartings and periodontal-related treatments
rendered. Health-related topics such as systemic diseases
(diabetes, myocardial infarction, and history of stroke) as
well as social habits, such as smoking, were extracted
from their records and during the interview at the research appointment for the Exam group.
A periapical radiograph was taken from the patients in
the Exam group in order to evaluate the amount of bone
loss compared to their initial radiograph taken at the
day of implant placement.

Results
Data from the survey was analyzed using SAS® (Statistical Analyses Software, version 9.3, Cary, NC).
P value showed no difference between the Exam and
Chart groups. Altogether, the mean age was 58 years,
85% were male and 15% were female (Table 1). Fortyfour percent of the patients responded excellent or very
good, 44% good, and 11% poor regarding their overall
health. For oral health, 44% of the patients responded
excellent or very good, 44% good, and 11% poor.
Seventy-seven percent brushed more than once a day
and 23% brushed once a day. Eighty-two percent flossed
more than once a day and 18% flossed once a day. Sixty
percent of the patients in the Exam group were considered healthy (free of periodontal disease) upon clinical
examination. Forty-six percent of the total (Exam and
Chart groups) had a history of periodontal disease.
Twenty percent of the patients in both groups were
smokers, 20% were former smokers, and 60% have never
smoked. Nine percent of the total had diabetes, 5% myocardial infarction, and 3% history of stroke.
A total of 142 implants were analyzed in both groups,
27 implants in the Exam group and 115 in the Chart
group. Out of the 67 patients, 25 patients had one implant placed, 25 had two, and 17 had three or more
Table 1 Demographics of participants
P

Chart

Exam

Total

Total number of subjects

49

18

67

Average age

58.2 (8.5)

59.1 (7.8)

58.4 (8.3)

0.6941

Male

83.7%

88.9%

85.1%

0.7174

Female

16.3%

11.1%

14.9%

Gender

Shows the number of participants, subdivided by charts screened before data
collection and subjects who scheduled and participated in the exam and the
total. Comparisons between the Chart group and the Exam group were done
to determine if the results from the Exam group would reflect that of the
Chart group. The groups were further divided by age and gender
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dental implants. 80 percent of the total were partially
edentulous.
Bone augmentation before or at implant placement
was recorded as well. Eighty-seven percent of the patients had a bone augmentation procedure (socket graft,
sinus lift, guided bone regeneration, bone graft at implant placement). Seventy-five percent were single-unit
restorations and 25% were multi-unit. Forty-six percent
were fixed screw-retained restorations, 45% were fixed
cement-retained restorations, and 8.2% were removable
restorations (overdentures).
One hundred percent of the patients took some kind
of combination of ART. ART was classified by drug class
also known as sub-category of medication: nucleoside
reverse transcriptase (NRTI), non-nucleoside reverse
transcriptase (NNRTI), protease inhibitors (PI), and integrase inhibitors (ISTI). The majority of the patients took
one or more NRTI (94%). NRTI is considered the “backbone” of ART and tend to include a “third anchor” drug
which may be a NNRTI, PI, or ISTI [18]. In this study,
34% took NNRTI, 33% PI, and 38% ISTI in combination
with NRTI (Table 2).
One hundred percent of the implants evaluated were
assumed osseointegrated due to the lack of mobility.
None of them showed signs of infection. None of the patients reported to have lost implants. Based on the classic criteria for success by which include the absence of
pain, infection, neuropathies, paresthesia or violation of
vital structures, implant immobility, no peri-implant
radiolucency, negligible progressive bone loss (less than
0.2 mm annually after the first year of loading), and clinician and patient satisfaction [19, 20]. Only 1 out of the
18 implants evaluated did not succeed in the criteria,
due to severe bone loss.
Radiographic examination evaluated the amount of
crestal bone loss. Calibration and measurement of the
radiographic images were done with ImageJ®. ImageJ® is
a public domain, Java-based image processing program
developed at the National Institutes of Health to calculate area and pixel value statistics [21]. To obtain accurate data, information of the diameter and length of the
dental implant was used to calibrate the radiographic
image. Once calibrated, bone loss was measured from
the interface of the abutment and implant to the crestal
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bone on mesial and distal of the implant. The average
bone loss on mesial was 0.6 mm and 0.3 mm on distal
(Table 3). Only one implant had significant bone loss
(more than 50%). Upon examination, the implant was in
hyperocclusion but did not have bleeding upon probing,
suppuration, or mobility.

Discussion
The lack of complications shows that dental implants are a
viable treatment for HIV-positive patients. Findings agree
with similar reports found in the literature [12–15, 22].
Previous studies have shown low BMD is common in HIVpositive patients, and the frequency varies between 40 and
88% [23]. Low BMD may be related to comorbodities
associated with osteoporosis such as increased age, smoking, low body mass index, or renal failure [10, 23]. Most
of the patients in this study were over 50 years old and
11% were current smokers. Medical history was updated at the research appointment for the Examination
group, and none of them mention renal failure or
osteoporosis as systemic diseases.
Patients from the Exam group were highly compliant
patients, and 88% considered their overall health as well
as their oral health to be good or excellent. The Exam
group maintained optimal hygiene and followed routine
dental visits for maintenance. The absence of periimplantitis demonstrates a high success rate in dental
implants [24].
The main limitation of this study was the amount of
data collected from the subjects and the number of subjects evaluated. Only 18 of the 67 potential subjects were
willing to participate and data collection of 49 relied on
the subject’s dental files. The study focused on the bone
loss, mobility, and absence of infection as parameters of
success. Although calibration of the radiographs was
done, precise measurements of bone loss were not obtainable due to distortion from the angulation of the
initial images. Ideally, periapical radiographs should be
taken with a custom positional image device to obtain
the same angulation as the image of the day of implant
placement to be able to compare and evaluate progression of bone loss. This is a retrospective study,
and variation between angulations was inevitable.
Table 3 Bone loss measured in periapical radiograph

Table 2 Subcategories of ART

Exam PA (mm)

P

Medication category

Total

Chart

Exam

P

Mesial bone loss (mm)

ISTI

37.5%

31.8%

58.8%

0.0407

Distal bone loss (mm)

0.351

NRTI

93.8%

93.6%

94.1%

0.9437

General bone loss (mean %)

5.2% (12.4%)

NNRTI

33.8%

38.1%

17.6%

0.1136

PI

32.5%

34.9%

23.5%

0.3735

Radiographic measurements of bone loss measured in 27 periapical
radiographs of dental implants. Measured in millimeters (mm) using the
diameter and length of the implant as reference and adjusted for distortion.
Once calibrated, bone loss was measured on the radiograph taken in the
research appointment. The time range from the radiograph taken after
implant placement was between 6 months up to 5 years

ART (antiretroviral treatment) drug classes in percentages. Combination of
medication was separated to each drug class. Most if not all patients take NRTI
alone or in combination with another ART drug

0.669

range 16.6–53.1%

Rubinstein et al. International Journal of Implant Dentistry

(2019) 5:30

Crestal bone loss for a successful implant is less than
0.2 mm annually following the first year of function [19,
25, 26]. In the study, the average mesial bone loss was
0.7 mm and distal bone loss 0.4 mm over 3.6 years. Only
one implant had enough bone loss to be considered failing; the mesial bone loss was 5.3 mm and 6 mm on
distal, overall close to 50% loss. The crown was in
hyperocclusion and the patient was referred for further evaluation and treatment.
The present study aimed to evaluate success of dental
implants in HIV-positive patients. [19] None of the implants in the data showed risk of failure for evident reasons, due to HIV itself or the use of antiretrovirals.
Dental implants are not contraindicated in HIV-positive
patients[1, 6, 27].
None of the patients in the Chart group returned to
the dental school with problems related to their dental
implant including implant removal which implies the
relative success. Implant success has been generally reported to be greater than 90% for fully and partially
edentulous patients [28, 29]. The present study reported
94% success rate of the implants evaluated in the Exam
group which were able to be fully evaluated with the implant success criteria. Other than the one failing implant
in a single subject, the rest of the implants evaluated were
considered successful. This study supports and agrees that
dental implants maintained with good oral hygiene will be
successful regardless of the patient’s medical status in this
case HIV positive and the usage of ART.
Low BMD due to HIV itself or ART may lead to increased risk of bone fracture and osteoporosis [8, 10,
11]. Although bone quality was not evaluated, the results
in crestal bone loss show indifference between dental
implants in HIV-positive and the non-HIV patients. Although longer follow-ups are recommended to establish
long-term success, the use of dental implants is a reasonable, well-tolerated and predictable treatment for
HIV-positive patients taking ART [5, 30].

Conclusion
Within the limitations of this study, the results imply
that the placement of dental implants on HIV-positive
patients may be safe and effective. We acknowledge further investigation is needed on the relationship of HIV,
antiretroviral therapy, and dental implants. The findings
in this study agree with the existing literature that modifiable factors such as hygiene may play a higher role.
Acknowledgements
Acknowledgement to Sharron Rich, System Analyst for her collaboration in
technical assistance.
Funding
Funding for the design of the study and collection, analysis, and
interpretation of the data and in writing the manuscript were provided by
the Department of Periodontology at Boston University.

Page 4 of 5

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
All authors participated in the design and undertaking of the study as well
as the drafting of the manuscript. NCR carried out the statistics section and
drafting of the manuscript. All authors read and approved the final
manuscript.
Ethics approval and consent to participate
This clinical study was conducted in accordance with the World Medical
Association Declaration of Helsinki (version VI, 2002). The study received
approval from the local Institutional Review Board of theBoston Medical
Center/Boston University Medical Center (approved Oct. 26, 2016, expiration
date Oct. 24, 2018). After receiving approval, the subjects were examined,
and all participants provided written informed consent.
Consent for publication
Not applicable
Competing interests
Nadine Cordero Rubinstein, Zhimon Jacobson, Serge Dibart, and Gail
McCausland declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
University of Maryland School of Dentistry, 650 W. Baltimore Street,
Baltimore, MD 21201, USA. 2Department of Restorative Sciences &
Biomaterials, Boston University, GSDM, Boston, USA. 3Department of
Periodontology, Boston University, Boston, USA. 4Boston University, Boston,
MA, USA.
Received: 4 December 2018 Accepted: 6 May 2019

References
1. Ryder MI, et al. Periodontal disease in HIV/AIDS. Periodontology 2000. 2012;
60(1):78–97.
2. Adimora AA, et al. Policies and politics that promote HIV infection in the
Southern United States. AIDS (London, England). 2014;28(10):1393.
3. Abdool Karim Q, Abdool Karim SS, Frohlich JA, Grobler AC, Baxter C,
Mansoor LE, Kharsany AB, Sibeko S, Mlisana KP, Omar Z, Gengiah TN,
Maarschalk S, Arulappan N, Mlotshwa M, Morris L, Taylor D. Effectiveness
and safety of tenofovir gel, an antiretroviral microbicide, for the prevention
of HIV infection in women. Science. 2010;329:1168–74.
4. van Sighem A, et al. Life expectancy of recently diagnosed asymptomatic
HIV-infected patients approaches that of uninfected individuals. Aids. 2010;
24(10):1527–35.
5. Facts F. HIV in the United States: at a glance; 2013.
6. Deeks SG, et al. HIV infection. Nat Rev Dis Primers. 2015;1:15035.
7. Cohen MS, Chen YQ, McCauley M, et al. Prevention of HIV-1 infection with
early antiretroviral therapy. N Engl J Med. 2011;365:493–505.
8. Brown TT, Qaqish RB. Antiretroviral therapy and the prevalence of
osteopenia and osteoporosis: a meta-analytic review. AIDS. 2006;20:2165–74
[PubMed: 17086056].
9. Paccou J, Viget N, Legrout-Gerot I, et al. Bone loss in patients with HIV
infection. Joint Bone Spine. 2009;76:637–41 A meta-analysis showing the
presence of osteoporosis in 15%, and osteopenia in 52% of HIV patients,
without evidence of a contribution by HAART.
10. Ofotokun I, Weitzmann MN. HIV-1 infection and antiretroviral therapies: risk
factors for osteoporosis and bone fracture. Curr Opin Endocrinol Diabetes
Obes. 2010;17(6):523.
11. Pan G, Yang Z, Ballinger S, McDonald J. Pathogenesis of osteopenia/
osteoporosis induced by highly active anti-retroviral therapy for AIDS. Ann
N Y Acad Sci. 2006;1068:297–308.

Rubinstein et al. International Journal of Implant Dentistry

(2019) 5:30

12. Javier A-A, et al. Does HIV infection have an impact upon dental implant
osseointegration? A systematic review. Med Oral Patol Oral Cir Bucal. 2015;
20(3):e347.
13. Strietzel FP, Rothe S, Reichart PA, Schmidt-Westhausen AM. Implantprosthetic treatment in HIV-infected patients receiving highly active
antiretroviral therapy: report of cases. Int J Oral Maxillofac Implants.
2006;21:951–6.
14. Oliveira MA, Gallottini M, Pallos D, Maluf PS, Jablonka F, Ortega KL. The
success of endosseous implants in human immunodeciency virus-positive
patients receiving antiretroviral therapy: a pilot study. J Am Dent Assoc.
2011;142:1010–6.
15. Stevenson GC, Riano PC, Moretti AJ, Nichols CM, Engelmeier RL, Flaitz CM.
Short-term success of osseointegrated dental implants in HIV-positive
individuals: a prospective study. J Contemp Dent Pract. 2007;8:1–15.
16. HIV CDC. Monitoring selected national HIV prevention and care objectives
by using HIV surveillance data—United States and 6 US dependent
areas—2010; 2012.
17. Doshi RK, Milberg J, Isenberg D, Matthews T, Malitz F, Matosky M,
Trent-Adams S, Parham Hopson D, Cheever LW. High rates of retention
and viral suppression in the US HIV safety net system: HIV care
continuum in the Ryan White HIV/AIDS Program, 2011. Clin Infect Dis.
2014 Sep 15;60(1):117–25.
18. Palella FJ Jr, et al. Declining morbidity and mortality among patients with
advanced human immunodeficiency virus infection. N Engl J Med. 1998;
338(13):853–60.
19. Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term efficacy of
currently used dental implants: a review and proposed criteria of success.
Int J Oral Maxillofac Implants. 1986;1:11–25.
20. Albrektsson T, Sennerby L, Wennerberg A. State of the art of oral implants.
Periodontol. 2008;47:15–26. https://doi.org/10.1111/j.1600-0757.2007.00247.
21. Preus HR, Torgersen GR, Koldsland OC, Hansen BF, Aass AM, Larheim TA,
Sandvik L. A new digital tool for radiographic bone level measurements in
longitudinal studies. BMC Oral Health. 2015;15:107. https://doi.org/10.1186/
s12903-015-0092-9.
22. Donos N, Calciolari E. Dental implants in patients affected by systemic
diseases. Br Dent J. 2014;217(8):425.
23. Mallon PW. HIV and bone mineral density. Curr Opin Infect Dis. 2010;
23(1):1–8.
24. Heitz-Mayfield LJ. Peri-implant diseases: diagnosis and risk indicators. J Clin
Periodontol. 2008;35:292–304. https://doi.org/10.1111/j.1600-051X.2008.01275.x.
25. Albrektsson T, Dahlin C, Jemt T, Sennerby L, Turri A, Wennerberg A.
Osseointegration as a foreign body reaction. Clin Implant Dent Relat Res.
2014;16:155–65.
26. Schwartz-Arad D, Herzberg R, Levin L. Evaluation of long-term implant
success. J Periodontol. 2005;76(10):1623–8.
27. Misch CE, Perel ML, Wang HL, Sammartino G, Galindo-Moreno P, Trisi P,
Schwartz-Arad D. Implant success, survival, and failure: the International
Congress of Oral Implantologists (ICOI) pisa consensus conference. Implant
Dent. 2008;17(1):5–15.
28. Wagenberg B, Froum SJ. A retrospective study of 1,925 consecutively
placed immediate implants from 1988 to 2004. International Journal of Oral
& Maxillofacial Implants. 2006;21(1).
29. Iacono VJ. Dental implants in periodontal therapy. J Periodontol. 2000;
71(12):1934–42.
30. Chrcanovic BR, et al. Bone quality and quantity and dental implant failure: a
systematic review and meta-analysis. Int J Prosthodont. 2017;30(3):219–37
Local Messages " International Journal of Prosthodontics 30.3 (2017):219–237.

Page 5 of 5

