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Objective Improvement of dental rehabilitation for patients who have undergone radi-
ation therapy requires knowledge of the dose in the maxillary and mandible bones.
Materials and Methods Forty-three patients with head and neck cancers under-
went evaluation for dental rehabilitation before radiation treatment dosimetry. The 
delivered dose to the maxilla and mandible was determined. From the dose data in 
the literature, three levels of risk of implant failure were defined. According to the 
delivered doses, the authors calculated the percentage of patients who could be fully 
rehabilitated with an implant, as proposed by the dentist before radiation planning.
Results Before dosimetry calculation, all of the completely edentulous arches and 
94 partially edentulous (PESs) sextants could be optimally rehabilitated. After dose 
calculation, among the 14 arches of 7 patients who were completely edentulous, 
according to the mean and maximal delivered doses, 11 arches (78.6%) and 7 arches 
(50%) could receive an optimal prosthesis, respectively. For the three patients, who 
were PESs but with one arch that was completely edentulous, according to the 
mean and maximal delivered doses, one arch for each dose condition could receive 
an optimal prosthesis. Among the 94 PESs sextants, according to the mean and 
maximal delivered doses, 41 (43.6%) and 24 (25.5%) sextants could receive an optimal 
prosthesis, respectively.
Conclusion By determining the sites of implantation before dosimetry, the radiation 
oncologist could shield specified areas, potentially improving the possibilities for dental 
rehabilitation. The dialogue between the dentist and the radiation oncologist can 
improve the possibilities for implants and decrease the risk of unsafe implantation.
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Introduction
Radiotherapy is a major treatment for head and neck cancers. 
However, irradiation can have a negative impact on oral cavity 
homeostasis.1,2 Side effects or complications implicate teeth, 
supporting tissue mucous membranes, salivary glands, and 
muscles.1–4 Radio-induced hypovascularity provokes hypoxia  

in radio-induced hypocellular tissues.5 The ability of 
these irradiated tissues to respond suitably to physiologic 
and nonphysiologic stressors is reduced and depends on 
the irradiated volume and the delivered dose. Indeed, 
aggressiveness of postirradiation dental care must be pre-
vented because of the weakness of these tissues.1,2,6–16 In 
this context, knowledge of dose distribution is key to safely 
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managing dental care.17 Thanks to dose-volume histograms 
in healthy tissues, risks of complications can be predicted 
and dental care can be adapted.18,19 However, if the locations 
of required implants could be determined before irradiation, 
radiation oncologists could validate the dosimetry after con-
sidering the shielding of the bone where the implants should 
be fixed.

In this study, based on data from 43 patients who were 
irradiated for a head and neck lesion, the dentist prospectively 
proposed dental rehabilitation with different types of 
prosthodontic treatment, eventually including implants. 
During dosimetry, the radiation oncologist was blinded to 
the dental rehabilitation plan. Then, the authors analyzed 
whether the dentist’s proposals before dosimetry calculation 
remained suitable after calculation of the dose distribution 
in the mandible and maxilla.

Materials and Methods
The study was approved by the consultative board of research 
of the hospital. About 70% of the tumors were localized to 
the mouth cavity, oropharynx, hypopharynx, and larynx. 
All patients were irradiated in the lymph nodes areas with 
prophylactic or curative intents. After computed tomography 
scans with or without contrast injection, the target volume 
and critical organs including the mandible and maxilla were 
delimited according to a previously published method20 
using Focal software (CMS, XiO, Elekta AB, Sweden). Briefly, 
the maxilla and mandible were virtually divided into three 
sextants each. The use of sextants simplifies the shielding 

of parts of the jaw. Irradiation was delivered with intensity 
modulated radiation therapy (IMRT). The median prescribed 
dose was 66 Gy (mean: 61.2 Gy; range: 56–70) with a daily 
dose of 2 Gy at five fractions per week. The mean and maximal 
doses in the sextants were calculated using Artiview software 
(Artiview Dose, Aquilab SAS, Loos, France).

Description of Edentulous Patients
The types of edentulous patients are described in ►Fig.  1. 
Considering all of the sextants, significantly more lateral 
sextants than anterior sextants had missing teeth (p < 0.001). 
Complete dentates (CDSs), partially edentulous (PESs), 
and completely edentulous sextant (CES) distributions 
significantly differed whether they were lateral or anterior 
(p < 0.001). There was no difference between the types of 
edentulous sextants according to the tumor locations.

Prosthesis Rehabilitation
Completely Edentulous Arches
In the seven completely edentulous patients (CEPs), two 
patients had removable complete denture (RCDs) for both the 
maxilla and the mandible; two patients had not undergone 
prosthetic rehabilitation. For three patients, extractions of 
their remaining teeth were performed, and additions of fake 
teeth to their previous RCDs or an immediate RCD were done.

For the nonrehabilitated CEPs, RCDs were always 
suitable. In the mandible, to improve stability and retention 
of these RCDs, two implants on the anterior sextant are 
usually proposed (stabilized RCDs [SRCDs]). In the maxilla, 
a minimum of four implants on three sextants is necessary  

Fig. 1 Distribution of the patients or sextants according to their dental status. CD: Complete dentate (patient [P] or sextant [S]); PE: Partially 
edentulous (patient [P] or sextant [S]); CE: Complete edentulous (patient [P] or sextant [S]), pts: Patients. *Among the 27 sextants, 5 sextants 
in hemimandibulectomies for 4 patients. IAS: Inferoanterior sextant; ILLS: Inferior and left lateral sextant; IRLS: Inferior and right lateral 
sextant; SAS: Supero-anterior sextant; SLLS: Superior and left lateral sextant; SRLS: Superior and right lateral sextant; Sx: Sextant.
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to realize an SRCD. When the quality of the bone anatomy and 
support tissues allowed it, a fixed prosthesis over implants 
(FPI) could be proposed. To achieve efficient fixation of 
this prosthesis, at least two implants are required in each 
sextant of the maxilla or the mandible. Theoretically, before 
irradiation, all CEPs could have an FPI or an SRCD.

Partially Edentulous Patients and Arches
Among the 216 segments of the 36 PESs patients, 3 arches 
were completely edentulous and the prosthesis proposals 
and possibilities after dosimetry have been considered 
equivalent to the cases of CEPs.

Among the other 207 segments, 113 did not require 
implant rehabilitation for the following reasons: CDSs, 
crowns (that could be replaced by bridges without implants), 
or sextants already fixed with adapted implanted prostheses.

The remaining 94 segments required rehabilitation. 
Among them, 34 segments were rehabilitated, but the results 
were not adapted and new proposals were made. For the last 
60 segments, any rehabilitation was performed at the time 
of the dentist consultation. The main proposal was an FPI. If 
the patient could not be fixed with an FPI, either a removable 
partial denture or a bridge could be proposed, but only the 
FPI was implanted for rehabilitation.

Dosimetry Analysis
For CDPs and PEPs, for the risk of implant complications, the 
authors calculated the dose received by the bone of each 
sextant where there were remaining teeth for dental care 
and where an implant could be fixed.

Risk of Failure of Implant
According to the literature, three classes of implant failure risk 
have been specified, strictly < 40 Gy, the risk is low at almost 
0%; from 40 to 50 Gy, the risk is intermediate; and at more than 
50 Gy, the risk is high and surgery must not be undertaken.21,22

Before dosimetry, the dentist proposed prosthetic 
rehabilitations for each patient, but the radiation oncologist 
did not know the proposals before planning treatment 
validation. Once the treatment planning was validated, 
the authors evaluated the feasibility of implant-carried 
prostheses depending on the risk.

Statistics
Comparisons by Levene’s test or by a single-factor ANOVA 
test were used. All the calculations were performed using 
SPSS software, version 22.0 (IBM corporation, Armonk, New 
York, United States).

Results
Prosthetic Proposals and Received Dose
This risk is related to the portion of the sextants where 
teeth are missing. There were 42 CESs for the 7 CEPs and 
27 CESs, and 99 PESs for the 36 PEPS. Anterior sextants 
were significantly less edentulous than lateral sextants: 
34 sextants (39%)and 134 sextants (78%), respectively 
(►Fig. 1) (p < 0.0001).

According to mean dose, the sextant rates in the three 
groups for dose at low, intermediate, and high risks were 
60.7%, 20.6%, and 18.4%, respectively. For the maximal 
dose, these distribution rates were 37.4%, 12.3%, and 50.3%, 
respectively. The mean dose of PESs was significantly more 
frequently > 40 Gy than that of CESs (p < 0.01), but the 
distribution of the maximal dose was not significantly 
different. The highest dose was significantly more 
frequently delivered to the lateral sextants than the ante-
rior sextant (p < 0.001). However, there was no significant 
difference in dose distributions (for mean and maximal 
doses) according to the bone location (mandibular or 
maxillary).

Completely Edentulous Patients
Before calculation all 14 of the arches of the 7 CEPs could 
be optimally indifferently implanted with FPI or SRCD.

According to the mean doses after dose calculation, 
11 arches (78.6%) could receive an optimal prosthesis; 
for 8 arches, FPI could be implanted at low risk; for 
one arch, SRCD could be implanted at low risk or FPI at 
intermediate risk; and for the two remaining arches, SRCD 
could be implanted at low risk but FPI at high risk. The 
three remaining arches could not receive optimal pros-
theses: for one arch, FPI or SRCD could be implanted with 
intermediate risk for both types of implantation, and two 
arches could receive neither FPI nor SRCD because of high 
risk for both implantations. In total, four patients could 
receive optimal prostheses in both arches, and the three 
remaining patients could receive an optimal prosthesis in 
only one arch.

According to the maximal dose, 7 arches (50%) could 
receive an optimal prosthesis. For 3 arches, FPI could 
be implanted at low risk; for one arch, SRCD could be 
implanted at low risk or FPI at intermediate risk; and for 
the three remaining arches, SRCD could be implanted at 
low risk but FPI at high risk. Seven remaining arches could 
not receive optimal prostheses: for one arch, FPI or SRCD 
could be implanted with intermediate risk for both types 
of implantation; for one arch, SRCD could be implanted at 
intermediate risk but FPI at high risk; and five arches could 
receive neither FPI nor SRCD because of high risk for both 
implantations. In total, two patients could receive optimal 
prostheses in both arches, three could receive an optimal 
prosthesis in only one arch, and two patients could not be 
implanted optimally in either of their arches.

For the three PEPs with one CE arch, according to the 
mean doses, one arch could be improved with an SRCD 
at low risk and an FPI at intermediate risk, and one arch 
could be improved by either an SRCD or an FPI but the two 
with intermediate risk and the last could not receive any 
improvement because of the high risk to implant an SRCD 
or an FPI.

According to the maximal doses, one arch could be 
improved with an SRCD at low risk but not with an FPI 
because of the high dose, and two arches could not receive 
any improvement because of the high risk of implanting 
an SRCD or an FPI.
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Partially Edentulous
Among the 94 PESs imperfectly fixed or nonimplanted 
before radiotherapy, all could achieve optimally implanted 
rehabilitation.

Among the PESs, 18 segments in the maxilla and 16 in 
the mandible were fixed with a nonadapted prosthesis in 
place before radiotherapy. According to the mean dose, 
22 prostheses could be improved at low risk, 10 could 
be improved at intermediate risk, and two could not be 
improved at all. According to maximal dose, the figures 
were 10, 10, and 14, respectively, for low-, intermediate-, 
and high-risk rehabilitation.

Among the PESs, 25 segments in the maxilla and 35 
in the mandible should have been implanted, but they 
were not before radiotherapy. According to the mean dose, 
19 prostheses could be improved at low risk, 20 could be 
improved at intermediate risk, and 21 could not be improved 
at all. According to maximal dose, the figures were 14, 25, 
and 21, respectively, for low-, intermediate-, and high-risk 
rehabilitation.

In total, among the 94 PESs that could be rehabilitated, 
according to the mean dose, 41 (43.6%) could be implanted 
a low risk, 30 (31.9%) could be rehabilitated at intermediate 
risk, and 23 (24.5%) could not be implanted because of 
high risk. However, if the maximal dose is considered, the 
number of sextants according to the rehabilitation risk was 
24 (25.5%), 35 (37.25%), and 35 (37.25%), respectively.

Discussion
Surgery and irradiation are the main treatments for head and 
neck carcinoma. After completion of treatment and control 
of disease, rehabilitation and restoration of function are 
challenging tasks. The presence of dentition is one of the main 
components for fabrication of a retentive and stable dental 
prosthesis, which restores oral functions such as mastication, 
swallowing, aesthetics, and speech. These problems greatly 
decrease the quality of life of patients treated for head and 
neck cancers compared to the normal population.23 Dental 
rehabilitation is an important factor in improvement of qual-
ity of life and eating.24,25

Dental implants contribute to the feasibility of fabrication 
of implant-retained dental prostheses in patients with head 
and neck cancer, facilitating restoration of oral functions. 
Over the last past three decades, the use of implants 
for rehabilitation has dramatically increased owing to 
advancements in materials and surgical procedures.26 The 
impact of dentures on quality of life are ambiguous because, 
although a positive quality of life score is often associated with 
fixed partial denture or dentures with optimal retention,27,28 
a recent study showed that type of rehabilitation seems 
have no impact on the quality of life of patients with head 
and neck tumors.23 As a consequence, after rehabilitation, 
dentists cannot assume the same expectation about quality 
of life in patients with head and neck cancer compared to the 
normal population.27–29

In patients with oral cancer, the effect of radiation 
therapy on the vascular and cellular components of the 

tissues and altered anatomy due to reconstructions of bone 
are important determinants of osseointegration and overall 
success of implants. Radiotherapy can induce changes in 
bone by reducing the vascularity and regenerative ability 
of the tissue. Hypovascularization is the consequence of 
increased bone mineral density leading to bone sclerosis.30 
Some events generate imbalances between bone formation 
and resorption. Indeed, bone formation is affected because 
osteoblasts and osteocytes lose their bone-forming ability 
and osteoclasts, which are responsible for bone resorption, 
are attracted to irradiated sites.31,32 With time changes in 
bones exhibit marked acellularity, avascularity, fibrosis, 
and fatty degeneration.33 Dental implant failure has rarely 
been observed at a cumulative dose < 45 Gy,21,34 and some 
authors have argued that the failure rate in patients with 
a cumulative dose < 50 Gy in the maxilla or mandible is 
comparable to that in patients who have not undergone 
radiation therapy.35–37 However, the survival of implants 
is clearly shortened if cumulative doses are greater than 
50–55 Gy,34,38,39 and failure is very common at 65 Gy.34 Thus, 
reports have indicated that value thresholds at 50–60 Gy 
are the borderline for rehabilitation with dental implants 
without the requirement of additional treatment.37,38,40,–44 
These values are very close to those used to sterilize tumors 
since a dose of 50 Gy is classically delivered in an adjuvant 
procedure and 70 Gy for exclusive irradiation. According 
to results in dogs, some teams did not advise implants 
when doses greater than 50 Gy have been delivered.23,45 A 
recent meta-analysis demonstrated the definitive role of 
irradiated tissues in the failure of dental implants, with a 
risk of 15.5% of failure in irradiated tissues compared to 
5.2% in nonirradiated bone (p < 0.001).46 In this study, we 
split the doses delivered to bone, into three groups: < 40 Gy, 
40–50 Gy, and > 50 Gy, representing low, intermediate, and 
high risks of implant failure, respectively.

Some studies have shown that mandible holds implants 
more efficiently than the maxilla,47 likely because of a 
larger cortical bone improving stability and better bone 
quality and vascularization ability, both participating in 
bone resistance.26 Furthermore, the fact that mandibular 
bone has more trabecular structure results in the partici-
pation of better vascularization in this bone.48 Notably, in 
this study, we showed that the mean delivered irradiation 
dose did not differ according to the two arches but the doses 
were significantly lower in the anterior sextants of the two 
arches, emphasizing that the role of the dose depends on 
the bone receiving irradiation. This point was reported in 
a recent review49 using the same delineation guidelines,20 
O’Cathail et al showed comparable results.50 Coincidently, 
these sites are also areas where more teeth are missing. In 
this series, the edentulous distribution was significantly 
different according to the sextants, with 64.6% of CDSs in 
anterior sextants, compared to 30.2% in lateral sextants. 
In our study, this difference in dose is the consequently 
edentulous sextant of the bone was not due to the desire 
to protect bone but the goal of limiting mucositis. For this 
reason, radiation oncologists avoid using beams that pass 
through the oral cavity. Visch et al observed a difference in 
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implant survival between anterior and posterior implanta-
tion, but the difference was not significant.38

To decrease the risk of implant failure, hyperbaric 
oxygen (HBO) therapy is currently used.51 The authors have 
shown a dramatically decrease in the risk, from approx-
imately 54% to 8%, using the HBO therapy.52 However, 
the results remain disputable since studies have not 
shown any improvement.44,53 Furthermore, the protocol is 
relatively restrictive, requiring 20–30 sessions of 90 min 
at a compression of 2.4 atmospheres of absolute pressure 
with 100% oxygen.54 Furthermore, limited accessibility 
of the device, the cost of the procedure, and the risks of 
ear barotraumas or myopia are a factor in HBO not being 
universally accepted in dentistry.44,49,53

Being less aggressive, the knowledge of the dose in the 
potential site of the implant before implantation could be very 
useful and could provide helpful information to the dentists. 
Delineation of the mandible and maxilla into sextants, 
affording the opportunity to specify doses in specific sites 
can participate in preventing risk.20 This ideal was reported 
by Tanaka et al in their review of clinical considerations for 
dental implantations.49

To the best of our knowledge, this study was the first 
prospective study that attempted to correlate the initial 
proposals for dental rehabilitation with the effective 
possible rehabilitation after delivered doses to the 
mandible and the maxilla.

At the time of three-dimensional (3D) irradiation, the main 
difficulty for the radiation oncologist is to know precisely 
the dose constraints to the maxillary and mandibular to 
avoid as much as possible the risk of complication. Indeed, 
it was very difficult to spare some parts of jaws, mainly the 
posterior part of the mandible, without protecting a part 
of the tumor.55 Today, with the IMRT, radiation oncologists 
can impose some dose constraints on the bone tissues, and 
algorithms can calculate dose distributions both to deliver 
adequate doses to the tumor and to follow the constraints 
on the critical organs without negative compromises. In the 
previously published studies, it was difficult to determine 
whether the reported doses were mean or maximum 
doses and whether these doses were those delivered in the 
place of implantation or the total mandible or maxilla. By 
delineation, it is possible to determine retrospectively the 
dose received by the bone where the dentist proposes to 
fix an implant. Furthermore, as demonstrated by this study, 
the dentist should report the site where he or she wants to 
implant because, in the absence of these data, some potential 
sites available for implantation can become unsuitable after 
irradiation because of the delivered doses.

For the authors, the dose and time of implantation are 
not prognostic factors for implant survival: only the site 
of placement is a relevant factor.47 However, as shown 
in this study, there is a correlation between sextant and 
the received dose. Although in our series, there was no 
difference in dose distribution in the mandibular arch and 
maxillary arch to support the role of dose in failure according 
to both the localizations in the jaw, there was a difference 
between anterior and lateral sextants, making an argument 

for considering dose to be a relevant factor in decreasing 
failure rates. Bone surgery may be performed only in healthy 
and low-irradiated bone. Two solutions can be proposed: 
providing the dentist with a precise dosimetry distribution 
of the bone20 and preventing risk by shielding the bone 
structure, which would require surgical management after 
irradiation.56,57 To reach the latter solution, our study showed 
that not sharing the dentist’s data or the dentist not being 
involved in the proposals leads to a lack of opportunity to 
attain optimal rehabilitation. Indeed, according to the mean 
doses delivered among the sextants as sites of a possible 
rehabilitation, 47.7% could be optimally implanted, i.e., 
at a low-risk dose. According to the maximal dose, this 
rate dropped to 27.9%. Thus, a discussion before planning 
treatment validation could reduce the risk of implant failure, 
mainly if the radiation oncologist could avoid intermediate 
and high-risk doses, especially in the missing tooth areas. 
Today, with the development of IMRT, the radiation oncologist 
can adapt doses for the maxilla and the mandible sextants, 
provided that there is awareness of the implant proposal 
before dose calculation. One small study suggested that it 
is dosimetrically possible to spare the anterior mandible 
using IMRT. However, the authors measured only five points 
between the right and left mental foramen,58 although we 
calculated doses in 3D in 6 sextants.

Dental implants in irradiated bone in patients treated for 
head and neck cancers are a controversial subject. According to 
some authors, irradiation is a contraindication in implantation 
because of the radionecrosis risk. In a recent review of the 
practice in Spain, the authors evoked the implants only to 
measure the high risk of fixing them. Prevention to succeed 
with these implants was not discussed.59 However, analyses 
in the literature have suggested that complication incidence 
is not significantly greater than in healthy bone.7,11,18,19,21,60–63 
These controversies again highlight the necessity for dialogue 
between the radiation oncologists and the dentist upstream 
of the radiotherapy. Furthermore, Chambrone et al indicated 
that dental implants are an effective treatment that often 
permanently restores the occlusion and mastication in 
patients who have undergone radiation therapy, even if the 
associated implant failure rate is higher in an irradiated bone 
compared to a healthy bone.60 The authors concluded that the 
most important data were the anatomical sites of implan-
tation, with the best results in the mandible (93.3%) rather 
than the maxilla (78.9%).60 More than the complete arches, 
our study suggested that the ability to restore is related to 
the sextant. Loss of possibility to implant is clearly demon-
strated by doses delivered in not shielded sextants. Accord-
ing to the mean dose, among 6 impossible FPIs in the CE 
arches, five were the consequences of high doses in lateral 
sextants compared to one for the anterior sextants; accord-
ing to the maximal dose among 11 arches unsuitable for an 
FPI, only three cases were the consequences of high-risk dos-
es in anterior sextants. For the PEPs, according to the mean 
dose, there were three that were impossible to rehabilitate 
because of the high-risk dose being localized in lateral sex-
tants, and according to the maximal dose, among the 19 
impossible rehabilitations, only two were secondary to the 
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dose in an anterior sextant. In our study, we showed that 
lack of implantation site indication lead to losing the oppor-
tunity to fix an implant accurately because of the delivered 
dose being too high. In another approach, using the similar 
delineation guideline,20 O’Cathail et al replanned patients 
who received more than 37.5 Gy in the anterior sextant of 
the mandible. They succeeded in decreasing the dose to less 
than this threshold in 88% of the patients without breaching 
accepted organs at risk constraints and without degradation 
of the dose distribution into the tumor.50 Integration of 
consultation into restorative dentistry as core members of 
the multidisciplinary team treating head and neck cancer 
patients is absolutely required.51

Nevertheless, knowing the implantation sites and to be able 
to limit the dose in the relevant sites might not be sufficient 
to avoid bone complications. Indeed, to decrease the dose in 
some areas requires increasing it in other sites, mainly where 
there are healthy teeth; thus, this potentially increases the 
risk of complications. This must be prospectively analyzed for 
future routine dental care.

Conclusion
Our study showed that the ability for rehabilitation is related 
to the doses delivered in the jaw. Our study also suggests that 
a close discussion between the radiation oncologist and the 
dentist upstream of the dosimetry is required to attempt to 
improve the possibility of postirradiation dental rehabilitation. 
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