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Summary
Purpose: currently, head and neck irradiation is not con-
sidered an absolute contraindication for implant place-
ment (1), especially due to the transition from conven-
tional to conformal radiotherapy. However, there is a
difference in the success rate of implant placement be-
tween irradiated and non-irradiated bones (5). Success-
ful osseointegration is mainly affected by the total dose
of radiation (6). The main purpose of this study was to
minimize problems related to radiation dose by evaluat-
ing in advance the most suitable site for implant inser-
tion on the basis of the mean absorbed dose. Additional
aims were: to estimate the appropriate timing for implant
insertion in irradiated bones, to analyze the difference in
stability between maxilla and mandible, and to evaluate
the success of implants with wrinkled microgeometry
and increased layer of TiO2. 
Materials and methods: five patients who had been irradi-
ated for head and neck cancer using intensity-modulated
radiotherapy (IMRT) were recruited for our study. Surgical
procedures were performed following a pre-surgical eval-
uation of the correct insertion position of implant fixtures.
The latter was based on a scrutiny of dose-volume his-
tograms (DVH) developed by a team of experts in medical
physics and radiotherapists after dentists had contoured
the volumes of interest. Student’s t test and Pearson’s cor-
relation test were used for comparison and correlation be-
tween the variables considered. 

Results: the percentage of osseointegration was 100%,
which supports the usefulness of the adopted tech-
nique. A statistically significant difference in stability
and crestal bone resorption emerged in the compari-
son between maxilla and mandible, but not between
times of insertion. Moreover, there was a significant
correlation between radiation dose and ISQ values:
an increase in radiation dose corresponded to a de-
crease in primary stability. However, the correlation be-
tween ISQ values and implant length was not signifi-
cant as well as that between primary stability and
implant diameter.
Conclusions: implantology guided by assessment of
absorbed irradiation dose in the site to be rehabilitated
can lead both to an increase in implant survival into ir-
radiated tissue bone, and to a reduction in the incidence
of ORN. However, both a larger sample size and the de-
velopment of long-term prospective studies are neces-
sary to validate the described method. 
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Introduction

Radiotherapy side effects, sometimes combined with
post-surgical consequences, affect patient’s social life
by causing a considerable psychological discomfort and
cause important complications in both oral rehabilitation
and restoration of dental occlusion (1).
While the inability of many patients to tolerate conven-
tional removable prostheses has been widely docu-
mented, the use of dental implants often increases both
patient’s satisfaction and quality of life by allowing a re-
construction of tumor defects, a proper retention of remov-
able prostheses and a reduction of the overload of vulner-
able soft tissues (2,3). 
Prior to 1986 (4), patients who had received head and
neck radiation were usually excluded from implant recon-
struction because of previous reports of hard and soft tis-
sue damage (reduced vascularity, altered cellularity and
tissue hypoxia), which would have theoretically interfered
with successful osseointegration of titanium endosseous
implants. 
Today, head and neck irradiation is not considered any-
more an absolute contraindication for implant placement
(1), although a difference in success rate of implant place-
ment between irradiated and non-irradiated bones can still
be observed (5). 
Successful osseointegration is mainly affected by total
dose of radiation (6): while doses lower than 45 Gy are not
associated with implant failure, doses in the 50-60 Gy
range are usually not a contraindication for implantology
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(7), and doses higher than 60-66 Gy are related to a
higher failure rate.
Visch at al. (8) reported a 71% survival rate for implants
in tissues irradiated with doses higher than 50 Gy, com-
pared with 84% in tissues that received less than 50 Gy. 
Although radiation dose itself is not a strong predictor for
the onset of osteoradionecrosis, several studies showed
statistically significant correlations between high radiation
doses (>66 Gy) and development of osteoradionecrosis
(9,10). 
Besides “total administered dose” and “volume of irradi-
ated bones”, another factor increasing the overall risk of
ORN is “surgical trauma following irradiation” (11): this
was indeed the primary reason why implant therapy could
not be applied in patients undergoing radiotherapy in the
past years (12). 
A decreased risk of ORN, and consequently of implant
failure, could be achieved due to the development of ra-
diation techniques, i.e. with the transition from conven-
tional to conformal radiotherapy. 
3D imaging, acquired by contouring on CT, is the most im-
portant component of modern radiation therapy, as it al-
lows the assessment of the volumes of interest, i.e. GVT
(gross tumor volume), CTV (clinical target volume) and
OAR (organs at risk). 
“If you can’t see it, you can’t hit it and if you can’t hit it, you
can’t cure it”, meaning that if we can see a tumor, then we
can aim radiations at it accurately, and so we could cure
it (13).
Intensity-modulated radiotherapy (IMRT) is a highly ad-
vanced type of conformal radiotherapy that uses modifi-
cations in the intensity of the photon-beam from a linear
accelerator across the irradiated fields, in order to en-
hance dose conformation in three dimensions. It allows
different radiation dosages at different target organs si-
multaneously: it can escalate the radiation dosage to the
primary disease (local control of disease), at the same
time decreasing the dose to the surrounding tissues (in-
cidence of radio induced toxicity) (14). 
Is based on an “inverse planning” computer software to
optimize treatment planning (15), and it can produce a
concave curve for the same dose, conforming the dose
distribution to very irregular targets even if these are con-
cave and adjacent to healthy organs, as in the case of
head and neck districts.
The dose distribution across the irradiated tissues, i.e. the
dose received by the different structures, is graphically il-
lustrated by means of dose-volume histograms (DVH). 
In addition to radiation dosage, with the consequent risk for
ORN, several other factors must be taken into account in
order to predict long-term survival of implants placed in ir-
radiated tissues. As regards the timing of insertion, studies
carried out by Marx and Johnson (16), suggest that the risk
for surgical complications is higher during the period be-
tween 1 and 6 months after the end of radiotherapy,
whereas according to Visch et al. (8), tissue reactions to ra-
diotherapy already decline 6 months after the end of treat-
ment. However, Meraw and Reeve (17) suggest that it is
convenient to proceed with implant placement between 12
and 18 months after completion of radiation therapy. 
Moreover, the quality and type of bone can affect the pre-
dictability of implant survival (18).

Mandibular implants were significantly less likely to fail
than maxillary implants (19). 
There is no evidence in the scientific literature that any
specific type of implant would be more successful than
others in irradiated bones, although there are some data
concerning the suitability of the length of implants for this
kind of tissue. Actually, several studies have shown that
a higher proportion of short implants were lost if compared
to long fixtures (20).
These results are partly explained by an increased mar-
ginal bone loss that has been reported for irradiated pa-
tients: Watzinger et al. (21) reported 2-9 mm bone loss
during a 3-years follow-up period.
Taking into account these variables, our study has the fol-
lowing aims:

a) To evaluate implant success in irradiated bed using as
a guide for fixture insertion the information provided by
dose-volume histograms (DVH) about the amount of
radiation absorbed in correspondence of the alveolar
area to be treated; 

b) To estimate how much time should elapse from the
end of radiotherapy treatment to implant surgery in or-
der to achieve effective osseointegration, and to ob-
serve the discrepancy between maxilla and mandible
in terms of stability;

c) To analyze long-term survival in irradiated bones of a
specific type of implant, i.e. Phibo® TSA® Advance.

Materials and methods

During the period between February 2011 and April
2012, 89 patients, who had been irradiated for head and
neck cancer, were examined at the Oral Oncological
Center of Milano-Bicocca University in order to assess
their eligibility for inclusion within the protocol of implant
rehabilitation. 
The selection of subjects suitable for implant treatment
was carried out by evaluation of resignation letters (pro-
vided by the Radiotherapy Department of San Gerardo
Hospital), intra/extraoral analysis, and scrutiny of the
outcome of radiographic examinations (orthopantho-
mography an CT Dentascan) of the observed patients
(Figs. 1-4). 
The target population consisted of subjects with partial or
total edentulism with an age above 18 years who under-
went head and neck irradiation as a part of the cancer
treatment (Tab. 1). 
For this study we recruited 5 of the 89 patients ob-
served. The patients were three women and two men
with a mean age of 64.6 years (range 54-72 years).
Among the excluded patients, 9 showed evidence of
osteoradionecrosis while the remaining were declared
ineligible on the basis of the following parameters
(Graph. 1): 

- Less than 12 months elapsed after radiation treat-
ment;

- Unfavourable cancer prognosis;
- Presence of full dentition;
- Inadequate bone support.
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Figures 1 and 2. Intra/extraoral analysis.

Table 1. Inclusion criteria adopted in the trial.
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Figures 3, 4 and 5. Orthopanthomography and CT Dentascan.
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Patients included in the study had a history of head and
neck cancers (stage between II and IV), located in sites
such as infratemporal fossa, rhino-hypo- and oropharynx
(Tab. 2). 

The therapeutic program proposed for the treatment of these
diseases had curative purposes and consisted of an uni-
modal treatment (radiotherapy only) for 2 patients, and a
combined treatment for the remaining (specifically, radiother-
apy combined with chemotherapy for 2 subjects, and surgery
combined with radiotherapy for 1 patient) (Graph. 2). 
All patients included in this rehabilitation protocol under-
went external irradiation using intensity-modulated ra-

diotherapy (IMRT). All patients were subjected to irradia-
tion aimed at both neoplastic mass (T) and the lymph
nodes of the neck (N) (Graph. 3).
The treatment of the lymph nodes of the neck had cura-

tive purposes for those with N>0, and prophylactic pur-
poses for individuals with N=0. 
In order to properly select the patients, it was essential to
calculate the time elapsed between the ends of radiother-
apy and implant surgery. Specifically, we decided that a
minimum elapsed time of 12 months was a prerequisite
for patients’ inclusions in our study. The time elapsed be-
tween completion of radiation therapy and implant place-
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Table 2. Location and staging of tumors of recruited patients.

Graphic 1. 
Selected patients.

Graphic 2. 
Cancer treatment planned
for each patient.
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ment was in the range of 12-18 months for two patients,
and of 18-24 months for the others (Graph. 4).
The rehabilitated areas concerned the maxilla in two cases
and the mandible in the remaining three, for a total of 14 fix-
tures inserted with average length and diameter respectively
equal to (11.07 ± 1.89, mm) and (3.91 ± 0.42, mm).

Pre-operative phase
Fixtures insertion was preceded by a pre-surgical
phase for patients declared suitable for implant reha-
bilitation. This step was essential to define the follow-
ing aspects:
- Interview with the patient in order to illustrate the treat-

ment method and to explain both the advantages and
the disadvantages concerning implant restoration and
any associated hazard; 

- Evaluation of the correct insertion position of implant
fixtures in collaboration with the prosthetist and using
data provided by DVH (Fig. 5);

- Administration of prophylactic antibiotics in order to

minimize the risk of superinfection (Amoxicillin in as-
sociation with Clavulanic Acid).

Intra-operative phase 
Surgical procedures were performed after rinsing with
pure chlorhexidine 0.2% for 60 seconds, and under local
anesthesia with mepivacaine 2% (without epinephrine).
The insertion of implant fixtures took place after a crestal
incision and subsequent preparation of a mucoperiosteal
flap that was used to expose the alveolar bone.
The subsequent preparation of implant sites was con-
ducted in the least traumatic manner by means of an in-
duction micromotor equipped with a display. The latter al-
lowed a constant assessment of bone density thanks to
a localized mechanical scanning. 
Once the preparation was carried out, by means of cylin-
drical cutters with increasing diameter, the fixtures were
placed.
All implant fixtures that were used in our protocol
were characterized by a self-tapping profile that was

Graphic 3. 
Radiation dose aimed 
at T, planned for each 
patient.

Graphic 4. 
Time elapsed between 
radiotherapy and implant
surgery.



helpful in order to simplify implant insertion, minimize
the increase in temperature of bones and search for
the maximum implant stability upon insertion. Their
surface was obtained by a double chemical attack al-
lowing to achieve an increased implant surface and
higher thickness of the oxide layer. Both features fa-
cilitated the biological response. The primary stability
was measured by resonance frequency analysis (Os-
stell. 
Subsequently, the mucoperiosteal flap was closely repo-
sitioned around the implant neck and was sutured (3/0 su-
ture) in order to obtain healing by first intention (Fig. 6). 

Post-operative phase and follow-up
After verifying the achievement of hemostasis, patients
were given post-operative instructions in order to obtain
the best possible healing and to minimize post-surgical
discomfort. The indications were as follows:
- Continuation of the antibiotic therapy;

- Assumption of analgesic drugs;
- Topical application of chlorhexidine 1% in the wound

to ensure good disinfection.

Patients were encouraged to return to the Oral Clinic af-
ter one week to remove sutures and to check for the first
time the status of the healing tissues. 
During the periodic subsequent inspections (Fig. 6),
proper healing and implant osseointegration were evalu-
ated by referring to the first three criteria defined by Al-
breksson (1986), namely:
- Absence of mobility and presence of primary and sec-

ondary stability;
- Absence of peri-implant radiolucency (Figs. 7, 8);
- Absence of pain, infection, paresthesia, neuropathies.

Implant-prosthetic rehabilitation
Patients underwent a second surgical step after 4-6 months
for the mandible and after 6-8 months for the maxilla. 
This step was followed by prosthetic rehabilitation with
metal-ceramic crowns. Providing bar overdentures per-
formed the rehabilitation of the maxillary/mandibular eden-
tulous bone.

Statistical analysis

Data are presented as means ± standard deviation. The
comparison between average values was performed us-
ing the Student’s t test (confidence interval was 95%, sig-
nificance level was 0.05). 
Pearson’s correlation test was used to verify the presence
of a linear relationship between the variables analyzed. 

Results

The intervention was well tolerated by all patients reha-
bilitated in this study.
All fixtures inserted were osseointegrated and there was
no evidence of ORN (Graph. 5).
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Figure 6. Contouring of the volumes of interest on CT sections;
3-D reconstruction and Dose-volume histogram (DVH).

Graphic 5. 
Implant insertion site.



The percentage of implant success was evaluated both
clinically and radiographically. Clinical evidences of im-
plant success were the presence of good soft tissue con-
ditioning and the absence of pain, inflammation, paresthe-
sia and mobility. The absence of peri-implant radiolucency
was considered as radiographic evidence of implant suc-
cess. The mean value and standard deviation for pri-
mary stability, calculated during the immediate post-oper-
ative phase, was 69.2 ± 6.7 (range = 59-84).
The mean value and standard deviation for ISQ of implants
inserted in the period between 12-18 months (t1) after the
end of radiotherapy was not significantly different from that
of implants placed in the period between 18-24 months (t2)
after the completion of irradiation (66.83 ± 5.42 vs 71 ± 7.28
P_= 0.26; significance level was 0.05) (Graph. 6). 
A difference that was not due to chance (t = 4.15, P =
0.0013) was observed between the ISQ values for im-
plants placed in the maxilla (64.93 ± 3.76) and those
placed in the mandible (74.91 ± 5.28). Therefore, there
was a probability less than 0.1% that the higher ISQ val-
ues observed for the mandible implants were due to
chance (Graph. 7).
We continued the analysis of ISQ values by applying
Pearson’s correlation test. This is useful to assess
whether there is a linear relationship between two vari-

ables. In other words, it evaluates the tendency of two
variables to co-vary. 
Specifically, we tested the correlation between ISQ values
and the radiation doses absorbed in correspondence of
the treated areas (Tab. 3, Graph. 8). 
The Pearson correlation coefficient is calculated as the ra-
tio between the covariance of the two variables and the
product of their standard deviation. It allowed to evaluate
whether an increase in radiation dose corresponded to a
reduction in primary stability, or whether these two vari-
ables were not linearly related. 
The Pearson correlation coefficient was ρ = -0.69. Then, we
tested the significance of the obtained Pearson’s coefficient,
the null hypothesis (H0) being that variables were not lin-
early related, or that the reduction in primary stability with
an increasing radiation dose was due to chance. 
The observed value of ρ, converted to t = 4.92, was then
compared with the Student’s t random variable (with n-2
degrees of freedom) to test the hypothesis that ρ was sig-
nificantly different from zero. 
Specifically, the comparison of the obtained t value
with the critical value (t = 2.06) allowed to reject the null
hypothesis H0, and to accept the alternative hypothe-
sis H1 that the two variables were significantly corre-
lated.
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Graphic 6. 
ISQ values for implants 
at t1 and at t2.  
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Table 3. Data for Pearson’s correlation (ISQ and radiation dose).

Graphic 7. 
Maxillary and mandibular
ISQ values.
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Table 4. Data for Pearson’s correlation (ISQ and implant lenght).

Graphic 8. 
Correlation between ISQ
values and radiation dose.

16 Annali di Stomatologia 2012; III (Suppl. 2): 8-20

The Pearson’s correlation coefficient was also applied to
test the relation between ISQ values and two other pa-
rameters of interest, i.e. length and diameter of implant fix-
tures. 
In the first case, Pearson’s index was 0.29, indicating a
low correlation between ISQ and length of implant fixtures
(Tab. 4, Graph. 9).
As previously, we tested the significance of the Pearson’s
coefficient to verify that it was actually different from
zero. The obtained t value (1.81) did not exceed the crit-
ical value (2.06), leading us to accept the null hypothe-
sis H0, i.e. that the two variables were not significantly
correlated. 
In the second case Pearson’s coefficient was 0.23, indi-

cating the existence of a low correlation between ISQ and
the diameter of implant fixtures (Tab. 5, Graph. 10).
Again, we found that the obtained t value (1.77) did not
exceed the critical value (2.06), meaning that even this
correlation was not significant. 
Mean value ± standard deviation for crestal bone resorp-
tion, calculated for the whole implant, was 0.23 ± 0.11
mm. Crestal bone resorption was significantly higher (t =
2.28, P = 0.03) in maxillary implants (0.275 ± 0.100, mm)
than in mandibular ones (0.183 ± 0.100, mm). Neverthe-
less, there was no significant difference between crestal
bone resorption at t1 and crestal bone resorption at t2

(0.208 ± 0.100, mm Vs 0.25 ± 0.12, mm; t = 0.94, P =
0.35) (Graphs. 11,12).
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Graphic 9. 
Correlation between ISQ
values and implant length.

Table 5. Data for Pearson’s correlation (ISQ and implant diameter).

Graphic 10. 
Correlation between ISQ
values and implant diam-
eter.
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Graphic 11. 
Crestal bone resorption for
implants at t1 and at t2.

Graphic 12. 
Maxillary and mandibular
crestal bone resorption. 
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Discussion

Radiation causes a reduction in the number of os-
teogenic cells, alterations of cytokine capacity (TGF-
β1), delays and damages in the process of bone remod-
eling (22). 
Cortical and trabecular bone remodeling are thus altered,
although the extent to which this process is irreversible
varies greatly at the individual level and depends also on
qualitative and quantitative cellular changes.
Osseointegration is often possible, although failure rate is
higher in irradiated bones than in non-irradiated ones. 
Some authors suggest that the risk for implant loss in ir-
radiated bones is two or three times greater than in non-
irradiated bones (23). Data found in the literature (23,24)
regarding the success rate of endosseous implants in ir-
radiated patients suggest that it ranges from 75% to
100%, and this variability is due to several factors, includ-
ing radiation dose. 
The main purpose of this study was to minimize the im-
pact of radiation dose by evaluating in advance the most
suitable site for implant insertion on the basis of the mean
absorbed radiation dose. 
The assessment of the most suitable sites for implant in-
sertion was based on inspection of DVH. The latter were
developed by a team of experts in medical physics and
radiotherapists, following contouring of the volumes of in-
terest that was carried out by dentists. 
In the previous literature there are no indications of a clear
cut-off value for absorbed radiation dose that would be
linked to implant failure, or of any increasing trend in fail-
ure linked to RT dose (25). 
Therefore, our choice fell on the areas that were subjected
to irradiation lower than 55-60 Gy, i.e. a value associated
with a greater tendency for implant fibrous-encapsulation
(5,8).
In the present study, the percentage of osseointegration
was 100%, which confirms the usefulness of the adopted
technique.
Implant success was not affected by variables such as
timing of placement, insertion site and adsorbed dose.
It was not possible to state the same with respect to the
recorded values for primary stability (69.2 ± 6.7). In light
of our achievements in terms of osseointegration, these
values could be considered as a positive prognostic fac-
tor for implant success. The difference in ISQ between im-
plants inserted at t1 (12-18 months) and at t2 (18-24
months) after the completion of irradiation was not statis-
tically significant. This reflected the fact that timing of in-
sertion did not hinder the achievement of primary stabil-
ity for implants placed in our study. 
However, the difference between primary stability of im-
plants placed in the maxilla and of implants placed in the
mandible was statistically significant and hardly attribut-
able to chance (probability estimated at 0.1%).
Therefore, it can be concluded that both quality and type
of bone have an influence on the initial bone-fixture con-
tact. In particular, implants inserted in the maxilla show
higher primary stability than implants placed in the
mandible.
With regard to adsorbed radiation dose, although in the lit-
erature there is no positive association between radiation

dosage and rate of implant failure, this study detected a sig-
nificant and negative correlation between radiation dose
and ISQ values. The Pearson’s correlation coefficient cal-
culated for these two variables was -0.69, indicating a sig-
nificant negative association between these variables. This
result suggests that an increase in radiation dose corre-
sponds to a decrease in primary stability. Moreover, it
should also been considered as a suggestion to adopt pro-
tocols for implant placement that take into account the ad-
sorbed radiation dose in the areas that must be treated.
Based on our data, the linear relationship between ISQ
and implant length and diameter were weak. Actually, the
Pearson’s correlation coefficients were respectively β =
0,29 and β = 0,23, indicating positive low correlations that
were not statistically significant and thus forced us to re-
ject the alternative hypothesis H1. As a consequence, we
suggest that a good primary stability and consequently an
appropriate osseointegration could be obtained irrespec-
tive of implants’ length and diameter. 
Another parameter investigated in our study regards the
survival and predictability of a particular type of implant
characterized by wrinkled microgeometry, obtained by
means of double chemical attack and increased layer of
TiO2. It is known that surface properties of dental im-
plants, such as topography and chemistry, are relevant
with respect to the osseointegration process because
they influence bones interaction, protein adsorption and
cellular activity at the surface. The implants with a rough
surface, such as those tested in our study, usually show
a higher rate of bone-to-implant contact than those with
smooth surface (25). Osseointegration rate and ISQ val-
ues obtained in this study confirmed these assertions. 
Finally, the results concerning the crestal bone resorption
could be attributed to the neck design of implant fixtures
used, characterized by microspires that favour the preser-
vation of marginal bones during the phase of osseointe-
gration. 

Conclusions

The restoration of function after oncologic surgery and ra-
diotherapy of the oral cavity represents one of the major
challenges for head and neck oncology. 
The realization of prostheses on osseointegrated im-
plants is considered one of the best ways to restore the
aesthetic and functional status of patients, thereby signif-
icantly improving their quality of life. 
Guiding implantology on the basis of the absorbed irradi-
ation dose in the site to be rehabilitated can lead both to
an increase in implant survival into irradiated bone tissues
and to a reduction in the incidence of ORN. Thus, we un-
derstand that a close collaboration between dentists and
radiotherapists is urgently needed in the context of med-
ical skills integration. Dentists have to assist the radiother-
apists in the pre-radiation therapy phase, in order to re-
duce the incidence and severity of complications resulting
from the administered treatment, whereas cooperation
between the two specialists is also crucial in the post-ra-
diation rehabilitation phase. 
Both a larger sample size and the development of
long-term prospective studies are necessary in order



to confirm our results and to validate the described
method. 
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