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Osseointegrated dental implants that will undergo K.Y
radiotherapy. Does risk of osteoradionecrosis exist? A T
scoping review
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Objective. Given the absence of a standardized action protocol for treating patients with dental implants (Dls) who are subjected
to radiotherapy (RT), we have conducted an extensive review and analysis of published literature on this subject. Our objective is
to gain a comprehensive understanding of the impact of RT on the bone surrounding osseointegrated implants during and after
treatment.

Study Design. We conducted a literature review using PubMed (MEDLINE) to identify studies describing the effects of RT on pre-
existing osseointegrated and/or loaded Dls. Articles published between January 1963 and December 2023 were considered for
inclusion.

Results. A total of 1,126 articles were retrieved, 64 full articles were reviewed, and only 13 articles were included in this review
upon meeting the criteria. A total of 667 patients and 2,409 implants were included. Osteoradionecrosis (ORN) was observed in
approximately 19 implants following antineoplastic treatment.

Conclusions. The interaction between Dls and RT is a complex and multifaceted issue that requires further research and clinical
guidance. Although certain studies indicate a possible connection between Dls, radiation, and ORN risk, the precise relationship
remains unclear. Factors such as radiation dosage, implant characteristics, material, and timing of placement significantly influ-

ence this association. (Oral Surg Oral Med Oral Pathol Oral Radiol 2024;138:594—601)

Head and neck cancer (HNC) is considered any
malignant tumor that predominantly affects the upper
aerodigestive tract, and it is subdivided according to
the compromised anatomical region, thereby being
classified as cancer of the oral cavity, pharynx, larynx,
salivary glands, nasal cavity, and paranasal sinuses.

HNCs are most commonly diagnosed in the sixth
decade of life, and the incidence in men is 3 times
higher."” Oral cancer is among the 10 most frequent
cancers worldwide. Malignant tumors of the oral cavity
account for 4% of all malignant tumors, with 90% of
said tumors corresponding to oral squamous cell carci-
noma (OSCC), the most common of all HNCs.® The
latest projections from the American Cancer Society
reveal that approximately 58,450 individuals will be
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diagnosed with HNC, and about 12,230 people will
succumb to these cancer types in the United States in
2024." The primary treatment approach is tumor surgi-
cal resection (TSR), which may be administered inde-
pendently or in combination with radiotherapy (RT)
and/or chemotherapy (CHT).”® Cancer treatment often
results in a reduced quality of life, as it can lead to
tooth loss or extensive bone resections, which in turn
hinder patients from performing their regular chewing
functions.”*

Indeed, it has been demonstrated that the restoration
of mandibular continuity significantly enhances facial
aesthetics and overall postoncological surgical out-
comes. Dental implants (DIs) play a pivotal role in this
reconstructive process, as they provide the essential
support required for dental prostheses, thereby contrib-
uting to the comprehensive rehabilitation for these
patients.*’

The vascularisation and regenerative capacity of
irradiated tissues may decrease after RT, which can
affect the subsequent osteointegration of the DIs.”'*
Osteoradionecrosis (ORN) represents a significant and

Statement of Clinical Relevance

The review underscores the need for standardized
action protocols for patients with dental implants
undergoing radiotherapy. Optimizing these proto-
cols is crucial for enhancing clinical outcomes and
patient quality of life.
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debilitating late-stage complication associated with RT
in patients with HNC. It is defined as the condition
where irradiated bone remains exposed and fails to
heal over a period of 3 months, without any evidence
of a persistent or recurring tumor.'"'> This condition
can be triggered by surgical interventions like tooth
extraction or DI placement, or it may manifest sponta-
neously. The exact underlying pathogenic mechanisms
continue to be a subject of investigation. Nevertheless,
the most prevalent cause is radiation arteritis, which
gives rise to the formation of a pathological state char-
acterized by a hypocellular, hypovascular, and hypoxic
environment.”'”"?  Radiation-induced damage is
widely recognized as the primary factor responsible for
diminished matrix formation and impaired bone miner-
alization. Radiation damage is considered to be the
most important factor that leads to decreased matrix
formation and bone mineralization, which has a nega-
tive effect on vascularisation and, therefore, on bone
sclerosis.' The prevalence of ORN exhibits significant
variation in the available literature, with reported fig-
ures spanning a broad range from 0.4% to 56%. Never-
theless, the most commonly cited prevalence rate falls
within the range of 5%-15%, and a higher incidence is
observed among patients aged 55 years and older.'*

According to existing literature, DIs can be inserted
either prior to RT and/or during TSR in a procedure
referred to as primary DIs placement (C1), or they can
be placed postsurgery in a procedure known as second-
ary DIs placement (C2).'"” While concrete scientific
evidence pinpointing the optimal timing for DIs place-
ment remains elusive, it has been suggested that the C1
approach offers the advantage of achieving osseointe-
gration before the onset of adverse effects induced by
RTP, such as ORN. This, in turn, mitigates the neces-
sity for additional surgical interventions and facilitates
early DI rehabilitation."’

As a consequence, the population of oncology
patients with DIs undergoing treatments like RTP is
poised to rise significantly. Considering the absence of
a standardized action plan for managing these patients,
we have undertaken the task of reviewing and analyz-
ing the available literature on this subject. Our aim is
to gain a comprehensive understanding of the effects
of radiation on bone structures that house already
osseointegrated and/or loaded dental implants.

MATERIAL AND METHOD

Methods

The PRISMA extension for scoping review (PRISMA-
ScR) was followed during duration of this study.'” A
literature review was conducted to address the follow-
ing research question: What is the appropriate protocol
for patients with osseointegrated DIs who are sched-
uled to undergo RT, and what is the incidence of ORN
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following RTP? The PICO methodology was employed
to frame the clinical question, where P represents
patients with implants, I represents patients receiving
RT, C represents the development of ORN, and O per-
tains to factors influencing ORN.

The search terms included: “dental implants,”

“radiotherapy,” “effect of radiotherapy,” “pre-radio-

therapy,” “postoperative radiotherapy,” “irradiated
patients” and “osteoradionecrosis,” with Boolean
operators “AND” and “OR” used to combine terms. To
enhance search sensitivity, we also examined the refer-

ence lists of the included studies.

9 <

Data collection

Data were collected on various variables, including
type of study (S), number of patients (NP), gender (G),
mean age (A), location of the OSCC, location of the
DIs placement, type of bone where the DI was placed
(B), radiation dose in Grays (Gy), number of patients
who did not receive RT (PCO0), number of patients who
received RT following DI placement (PC1), number of
patients who received RT prior to DI placement (PC2),
number of patients who received RT prior to and fol-
lowing DI placement (PC1+42), type of DIs placed
(TDI), surgical phases, months of follow-up failure/
number of total implants (F/DI), failure/implants that
did not receive RTP (F/CO), failure/implants that
received postoperative RT (F/Cl), failure/implants
placed following tumor resection and RT (F/C2), sur-
vival rate in nonradiated (SRCO), survival rate in C1
(SRC1), survival rate in C2 (SRC2), ORN. These varia-
bles are summarized in Table I.

Inclusion and exclusion criteria
Inclusion criteria were: (1) Articles published in
English, French, and Spanish which included patients
with DIs that were placed prior to receiving RT, (2)
patients whose DIs were placed on the day of the TSR
and before receiving RT were included in the review.
(3) All types of papers (clinical trials, case-control,
case series, cohorts . . . retrospective or prospective).
Exclusion criteria were: (1) Articles on extraoral/
facial Dis, (2) articles addressing DIs placed on already
radiated bone, (3) articles for which the abstracts were
unavailable, (4) Articles with duplicate databases, (5)
articles addressing experimental studies in animals, (6)
systematic reviews, (7) meta-analysis.

RESULTS

We conducted the search using the following combina-
tions of terms: “Dental implants” AND
“Radiotherapy,” “Effect of radiotherapy” AND
“Dental implants,” “Pre-radiotherapy” AND “Dental
implants,” “Postoperative radiotherapy” AND “Dental
implants”  “Irradiated patients” AND “Dental



Table I. Articles review

Study S NP G A loc OSCC loc DI B Gy PCO PCI PC2 PCI+2 TDI SP MF F/DI F/Co F/CI F/C2 SRCO  SRCI SRC2 ORN
Ben Slama cC 1 w 75 Cheek 4mand Imax NB 45-65 0 1 0 0 4 cylindrical implants 1 - - 5/5 - - - - - - 5
etal.'' implant blade
Teramoto cC 1 M 66 Oropharynx 4 mand NB 70 0 1 0 0 - - - - - - - - - - 2
etal.”
Li etal™ RS 58 38M 59 Nasopharynx sinus:7 7 max NB 62.4 tumorsite 0 58 0 0 - - - 4/151 - 0/151 - - 99, 94 (1 year) 0
20W Oral cavity:38 79 mand 40.3 implant site 97.4 (after 3
Oropharynx:4 years)
Hypopharynx/lar-
ynx:3
Multilevel:6
Sandoval RS 10 - 70 Mand:3 - AG 60 0 10 0 0 - - -129 0 29 0 - 93% 0
etal.' Bucal mucosa:3
Woodsetal.'” RS 20 13M 56 - Max AG - 100 10 0 - NEOSS ProActive (82) 1(30DIs) 2-140  7/102  2/51 5/51 0/0 96.8% 90.2% - -
TW Mand Biomet 3i NanoTite® 2 (72DIs)
ITI/Straumann SLA”
ITl/Straumann SLActive '*
Korfage RS 164 98M 64.8 - Sy NB - 64 100 O 0 Nobel Biocare-Branemark 2 45.6 28/524 17206  27/318  0/0 97.1% 82% - 10
etal.'® 66W 3.75 mm, treated sur-
face/TiUnite
Mizbah RS 128% - - - Sy NB 60-68 64 47 17 0 Branemark MK TI/IIT 2 60 30/314 0/163  24/113  6/38 100%  78.7% 8421% 0
etal.”’ Frialit
Shoen etal.” PS 50 35M 615 Floor of mouth13 Sy NB 60-64 19 31 0 0 Nobel Biocare—Brane- 2 18-24  4/195  2/71 2/124 0/0 97%  98.3% - 0
15W Tonguel8 mark 3.75 mm, treated
Buccal mucosal2 surface
Tonsil:3
Oropharynx:4
Schepers RS 48 29M  64.8H Floor of mouth:22 Sy NB 60 27 21 O 0 Branemark MK II/IIT 2 29.6 2/139  0/78 2/61 0/0 100%  97% - 0
etal.'’ 19W  68.1M  Tongue:14
Buccal mucosa:2
Trigone:9
Alveolar ridge:1
Cuesta-Gil DS 111 80M 52 Maxilla:12 Max AG  50-60 32 45 34 0 Biomedical Lifecore 2 6-108  29/706 2/266  21/205  6/190 99.2  92,9% 96.8% -
etal.'” 31W Gums, jaw, tongue, Mand NB threaded Hydroxyapatite
Sfloor of mouth, Coated Titanium
Jjugal mucosa, and Implants
lower lip:98
lizukaetal.”” PS 28 1I9M 582 - Mand AG 65 9 7 9 3 ITI-Straumann >24 0/37 0/- 0/13 0/- 100%  100% 100% -
oW
Kelleretal.”' RS 31 16M  50.5 - Mand AG 50-80 22 1 8 0 Nobel Biocare, titanio, 6-168  7/154  6/52 0/4 1/98 96.7% 100% 98.9% -
15W 3.75,4 or 5 mm

cylindrical implant,
threaded without coating

Mericske- RS 17 I3M - - Max - 50-74 6 7 4 0 ITI-Straumann <84 ms 4/53 0/20 2/17 2/16 100%  93% 87.5% 2%
Stern 4w Mand 1 year
etal.” 90% (after 3
years)
Total 13 667 342M 627 - - - 253 339 72 3 120/ 13/907 83/1,086 15/342 - - - 19
186W 2,409

S, type of study; RS, retrospectice study; PS, prospective study; DS, descriptive study; CC, report of a case; NP, number of patients; G, gender; M, man; W, women; A, mean age; loc OSCC, location of the
OSCC; loc DI, location of the DI placement; B, type of bone where the DI was placed; NB, native bone; AG, autologous graft; Sy, mandibular symphysis; max, maxilar superior; mand, mandible; Gy, radia-
tion dose in Grays; PCO, number of patients who did not receive RTP; PCI, number of patients who received RTP following DI placement; PC2, number of patients who received RTP prior to DI placement;
PCI1+2, number of patients who received RTP prior to and following DI placement; 7DI, type of DI placed; SP, surgical phases; MF, months of follow-up; F/DI, failure/number of total implants; F/CO, fail-
ure/implants that did not receive RTP; F/C1, failure/implants that received postoperative RTP; F/C2, failure/implants placed following tumour resection and RTP; SRCO, survival rate in nonradiated; SRC/,
survival rate in C1; SRC2, survival rate in C2; ORN, osteoradionecrosis.

*Not mention whether radiotherapy was administered.
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implants,”  “Osteoradionecrosis” AND  “Dental
implants.”

A total of 5.098 articles were obtained.

A total of 1,126 articles were obtained, of which 327
were duplicates. The title of 799 was read and finally,
the abstracts of 260 articles were read; 196 were dis-
carded because they were unrelated to the topic in
question. Sixty-four full articles were read, and 51
articles were excluded because they did not meet the
inclusion criteria for data collection (Figure 1).

Two published clinical cases showed ORN devel-
oped around DIs placed years before initiating RT'"'?
and, likewise, we also found 14 human studies, pub-
lished between 1963 and 2023, in which patients with
HNC underwent DI placement on the day of tumor
resection and before RT”'*!°?* One of the articles
was discarded because it did not discuss intraoral
DIs,25 and 2 other articles were discarded in order to
prevent the existence of bias in the data collection pro-
cess, given that these addressed the same database as
one of the selected articles.”®”’

Regarding clinical cases, Ben Slama et al.'' in 2014
made a significant contribution to the field by reporting
the first documented case of ORN associated with five
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DIs that had been inserted a decade prior to RT. The
authors suggested that besides RTP, potential contrib-
uting factors included occlusal trauma and peri-implan-
titis.!! Notably, ORN became evident 3 months after
the initiation of RT in the mandibular DIs and surfaced
40 months later in the maxillary DIs, as summarized in
Table 1. Subsequently, in 2016, Teramoto et al.'” pre-
sented a case where ORN manifested solely on the side
subjected to radiation treatment. The DIs had been
placed 2 years prior to the initiation of antineoplastic
therapy, and ORN became apparent 48 months follow-
ing RT,'” as detailed in Table I. These instances shed
light on the complex interplay of various factors in the
development of ORN.

The analysis of the literature included a total of 12
studies, of which eight were retrospective, two were
descriptive, and two were prospective. (Table I). This
comprehensive review encompasses data collected
from 667 patients and 2,409 DIs. Tumor location was
documented in only five of the studies, 0101824 with
the most frequently location identified as the floor of
the mouth, as presented in Table I.

With respect to the timing of DI placement, five
studies reported that all patients received their implants

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

[ Identification of studies via databases and registers ]
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Fig. 1. Prisma flow diagram.
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in phase C1. In the remaining articles, DIs were placed
in both phases, encompassing C1 and C2. Among the
667 patients, 339 had their implants inserted during the
surgical procedure and subsequently received RTP, as
outlined in Table I. Out of the 2,409 implants analyzed,
1,086 underwent RT in C1, with radiation doses rang-
ing from 40 to 70 Gy. Unfortunately, the radiation dos-
age was not documented in two of the studies'®'”
Various DI systems were employed, and in most stud-
ies, these systems were inserted in two phases, as sum-
marized in Table I.

Among the 2,409 DIs placed, 120 exhibited failure,
representing 5.8% of the total. Notably, a lower failure
rate was observed in DIs that did not undergo radia-
tion.

A lower failure rate was recorded in DICO (SR
greater than 96%). In only one of the collected articles,
the SRC2 was higher than in SRC1; in the rest, the
implant survival rates were higher when they were
placed before receiving RT, in nonirradiated bone.

Among the 120 failed DIs, 19 were associated with
the development of ORN in two of the studies. How-
ever, it is worth noting that one of these studies™ did
not specify whether ORN occurred in phase C1 or C2,
as detailed in Table 1.

Regarding the timing of prosthesis placement,
patients receiving postoperative RTP typically com-
menced treatment 6 weeks after the surgical procedure.
The placement of prostheses occurred within a range
of 3-5 months for DIs not exposed to RTP, while the
timing extended from 4.5 to 12 months for implants
that received postoperative RT.”'"

DISCUSSION

In the current literature, there has been a greater num-
ber of studies focused on DIs placed in irradiated
bone™'***! compared to research exploring the con-
sequences of RT on previously placed implants.”**"
Understanding how RT affects preexisting DIs is of
paramount importance to improve patient care and pro-
vide clearer clinical guidelines in increasingly common
clinical scenarios. Currently, no consensus or guideline
has been found regarding how to manage DIs in the
context of RT.

To date, only two clinical cases of ORN related to
DIs after RT have been reported.'""'> In one of the
cases, ORN only occurred in the DIs included in the
RT field, suggesting a possible causal relationship
between the presence of DIs and the development of
ORN.'? Korfage et al.'® found 10 cases of ORN in 5
patients after receiving RT and in the study published
by Mericske-Stern et al.,”” 2 patients developed ORN,
although this article did not mention whether RT was
administered.

November 2024

ORN is a serious complication that occurs after RT.
The radiation dose, tumor location, implant position,
dental trauma, prior dental condition, and CHT are
considered contributing factors to ORN. It has been
suggested that a change in the radiation dose distribu-
tion around DIs could favor the development of
ORN.?" This dispersion in implant materials and
electronic imbalance is believed to cause complications
in both soft and hard tissues of the oral cavity''~**

Ozen et al.” reported a 21% increase in radiation
dose in the mandibular bone around DIs in phantom
jaws, an increase that became insignificant at 2 mm
from the interface. Stoll et al.”” found a 12.5% to 16%
increase in dose at 0.45 mm from the metallic implant,
although this did not affect the lifespan of the DIs.*® It
remains unclear whether a local overdose of around
15%-21% would significantly increase the incidence of
ORN around DIs.”” According to Korfage et al.'® even
when this risk increases, it will remain lower than in
the case of DIs placed after RT.

Regarding bone-implant contact (BIC) and bone min-
eral density (BMD), more positive results were found in
the literature for delayed implantation before RT. Brog-
niez et al.”® pointed out that osseointegration of DIs is
possible both before and after RT, but the BIC obtained
in their experimental study in animal models was higher
in CI. Stramandinoli-Zanicotti et al.*’ also observed a
higher BIC when DIs were placed 15 days before RT.
In the study carried out by Doh et al.”, BMD was sig-
nificantly lower in the immediate irradiation groups
(RT administered 1 day after implantation) and similar
in the delayed irradiation group (RT administered 4
weeks after implantation) and the control group (no
RT). Several authors have suggested waiting at least 4
weeks after DIs placement before starting RT.”* Most
authors waited a period of 5-6 weeks between DIs
placement and the start of RT.”'*-'%1°

The presence of keratinized tissue (KT) around DIs
may be important for peri-implant health, especially in
patients undergoing RT. Keratinized tissue, also known
as attached gingiva, acts as a protective barrier, provid-
ing stability, protection against trauma, and improved
oral hygiene. Maintaining adequate KT can potentially
prevent inflammation, reduce risks of issues, and
enhance the response to radiation therapy. Radiation
treatment can impact oral tissues, and the need for
more scientific evidence and research in this area is
crucial. The presence of peri-implantitis has also been
described in the literature as a potential cause of
ORN.'” The negative effects that can occur as a result
of radiation exceeding 50 Gy include capillary destruc-
tion, associated endarteritis, damage to osteoprogenitor
cells, and reduced neovascularization.”® These effects
increase the risk of soft tissue dehiscence around DIs,”*
reducing the peri-implant tissue’s resistance to oral
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bacteria and increasing the risk of peri-implantitis.
Both Ben Slama et al."' and Teramoto et al.'* associ-
ated the presence of peri-implantitis with the progres-
sion to ORN after RT, indicating that it could become
a potential cause of ORN. Li et al.”* confirm that RT
negatively impacts peri-implant bone resorption, espe-
cially for a specific dose to the upper implant bed
exceeding 40 Gy.

Additionally, it has been considered that the type of
material could influence the radiation scatter. Friedrich
et al.””"" observed that DIs containing gold had less
scatter in the BIC area than pure titanium alloy DIs or
Ti-6Al-4V DIs. Niroomand-Rad et al.** suggest that
the choice between DIs with or without hydroxyapatite
coating may not be a critical factor in reducing radia-
tion scatter around implants, as this difference was con-
sidered minimal. Wang et al.’® also observed better
outcomes in hydroxyapatite-coated DIs than pure tita-
nium DIs and titanium-aluminum-vanadium alloy DIs.
On the other hand, neither Korfage et al."®*nor Woods
et al."” found significant differences when considering
the type of DIs and the surface used.

The geometry of DIs, including the type of screw and
the type of connection, can potentially affect the results
of RT in patients with HNC. Cylindrical or conical
screws, as well as the type of connection, can create
metallic artifacts in imaging studies such as computed
tomography and magnetic resonance imaging. These
artifacts can hinder precise RT planning and administra-
tion, as they can obscure structures of interest. Radiation
scattering around DIs can reduce the dose received by
the tumor if it is located behind them. However, it can
also reduce osseointegration and increase the risk of
ORN development in the bone adjacent to the DIs, as
described in the literature.”” Wang et al.’® found three
cases of tumor recurrence in patients undergoing RT
after the simultaneous placement of DIs in the same
ablation surgical procedure. Changes in radiation dose
scattering were cited as a possible explanation.

Talking about oncology patients’ “survival” means
the number of years without evidence of tumors. In
implantology, “survival” means the number of years for
which implants are functional. In the implantology
literature relating to oral or head and neck oncology this
might be confusing and is usually not clear or dis-
cussed.”’ In this study, implants were ranked by sur-
vival, and not by failure. DIs were only considered lost
if osseointegration failed. The studies published thus far
have agreed that the SR is higher in those patients who
are not going to receive RT”'*7"*3 and no statisti-
cally significant differences have been observed in terms
of the DIs placed before or after radiation.’” In the sys-
tematic review published by Nooh et al.® 34 studies
with C2 were analyzed, with an SR of 92.2% (320 DIs).
Other studies, such as that of Korfage et al.'g, or that of
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Schepers et al.'” published an SR of 89.4% and 97% for
C1, respectively. In the systematic review by Colella et
al.™ no significant differences were found between the
failure of the C1 and C2. However, in an experimental
animal study, Stramandinoli-Zanicotti et al.*” observed
a greater failure in C2 compared to C1 or CO. (30%,
21.7%, and 4% respectively). In this study, a higher
fibrointegration was also found in C2.

If DIs are placed on the same day as tumor site resec-
tion surgery, it is preferable for this procedure to be per-
formed in two stages to prevent radiation exposure to
titanium components.'” This approach aligns with find-
ings from an experimental study by Brogniez et al.,*
which demonstrated superior outcomes with submerged
DIs compared to nonsubmerged ones. In these patients,
it is recommended to wait 6 weeks before starting RTP,
6 months between RTP and the second surgical proce-
dure, and 2 more weeks before the beginning of the pros-
thodontic procedure.”'*'”'® According to some authors,
when radiation is administered after the prosthesis place-
ment, there is a greater risk of ORN and it is also advis-
able to remove metal structures and pillars™”"** and/or
to submerge again before RTP treatment.*"*

We have compiled a list of tips and recommenda-
tions based on the literature review.

- Concerning the status of preexisting implants, the
condition of DIs prior to oral cancer treatment,
including occlusal trauma and peri-implantitis,
appears to influence the development of ORN in
patients undergoing radiation therapy.

- In consideration of titanium accessories, IR is rec-
ommended to avoid connecting the abutment and
instead remove metallic prosthetic structures before
starting RT.

- For patients who receive DIs on the same day as TS,
it is suggested to wait at least 6 weeks before initiat-

ing RT. .
- It 1s recommended to wait at least 6 months after

completing RT before considering a second implant
surgery.

- To ensure proper healing, it is advisable to wait at
least 2 weeks between abutment connection or the
second surgery and the initiation of the prosthesis
for patients who have undergone RT.

CONCLUSION

In conclusion, the interaction between DIs and RT is a
complex and multifaceted issue that requires further
research and clinical guidance. While some studies
suggest a potential risk of ORN associated with DIs
and radiation, it is clear that the relationship is not fully
understood, and factors such as radiation dose, implant
type, material, and timing of implant placement play
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important roles. Close collaboration between dental
and radiation oncology teams is crucial to make
informed decisions regarding treatment protocols for
patients with DIs undergoing RT. Therefore, it is rec-
ommended that these patients undergo periodic reviews
during and after RT. The condition of DIs prior to anti-
neoplastic treatment, the performance of nonsurgical
treatment, and the removal of prosthetic metal struc-
tures should be assessed before commencing RTP until
more data is available on the possible disadvantages of
irradiation on titanium accessories.

FUTURE CONSIDERATIONS

It is necessary to carry out prospective studies on
patients with implants who will receive radiotherapy to
clarify how radiation affects already integrated
implants.
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