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Abstract

Aims: The study seeks to find out if there is a difference in prognosis of primary and
secondary dental implantation, i.e. before or after radiotherapy respectively, in cancer
patients. We carried out a literature search, as well as investigating if there were different

practices at the various hospitals in Norway who perform such treatment.

Materials and Methods: We contacted the four hospitals in Norway which perform implant
placement in head and neck cancer patients. We asked each department if they performed
primary or secondary implantation, and their use of hyperbaric oxygen therapy (HBOT). In
addition, we performed a review of the literature published between Jan 2000 and May 2022.
We used the search engine PubMed and included 13 articles. Furthermore, the study assesses
other factors that may affect the prognosis of both primary and secondary implantation, such

as implant location, HBOT and osteoradionecrosis (ORN).

Results: There are different clinical routines at the various hospitals in Norway. In the
reviewed literature the overall survival rate of dental implants varies from 67%-97% for

implants placed both prior to and after radiotherapy.

Conclusion: There are different practices at the various hospitals in Norway who perform
implant placement in patients with head-neck cancer. The literature does not point to any
evidence-based recommendations about one type of treatment over the other. There are
currently too few studies on primary implantation compared to secondary implantation, to be
able to conclude whether one gives a better prognosis than the other. However, the small
number of studies that included implant placement prior to radiation therapy, had results that
are comparable to implantation in irradiated bone. This indicates that more studies should be

done on the prognosis of preimplantation.

Keywords: “Radiation therapy, oral cancer, dental implant, time”
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1 Introduction

Cancer is a term for a group of diseases that can affect any part of the body. Cancer is defined
as a rapid growth of abnormal cells, which can invade and spread (1). Statistics show that one
out of every third person will get at least one cancer diagnosis before turning 75 years old (2).
There is a gradual increase of head-neck cancer cases (3). With a larger population of oral
cancer, there is a need for oral rehabilitation, to address their needs. It is reasonable to believe
that there will be a gradual increase in patients diagnosed with head and neck cancer in the

future, with an elderly population and an increase in dental awareness.

Cancer that either arise from mucous membranes or glands from the upper respiratory tract,
such as the larynx, pharynx, salivary glands, lips, oral cavity, nose, or the sinuses have the
collectively term head-neck cancer (4). According to WHO many cancers can be cured if
detected early and treated effectively (1). The combination of surgery and radiation therapy is
the most common form of treatment. In some cases, chemotherapy is also used during the
course of treatment, for head and neck cancers, most often in combination with radiotherapy,

i.e. Chemoradiotherapy (5).

Radiation therapy is frequently used because it is not always possible to carry out surgical
treatment without extensive loss of function. In other cases, radiation therapy is used
secondary to surgery. Radiation therapy alone, or combined with other treatment options, has
significantly increased the survival rate for many malignancies of the head and neck cancer
region (6). External radiation is the most common type of radiation therapy. Due to new

technology the external radiation leads to less damage to normal tissue than previous (3).

Radiation therapy may however result in unpleasant reactions that appear during or after
treatment (7). This can be explained by the ionizing radiation that causes direct cell damage to
normal tissues, in addition to tumor cells, in the radiation field. The side effects caused by
radiation therapy can be categorized into two groups: Early or acute, and late, depending on
the time of their occurrence. The early or acute side effects are noted in the course of
treatment or immediately after. Furthermore, side effects that occur months or years after the
end of the radiation therapy are defined as late (8). Based on the tumor location, different
anatomical structures may be affected such as the skin, oral mucosa, maxilla, mandibula and

salivary glands in cases with head and neck cancer (6, 7).



Hestnes & Jensen, 2023 Prognosis of dental implants in cancer patients

Most patients will, as mentioned above, experience side effects both during and after cancer
treatment. Mucositis, progressive periodontal attachment loss, radiation caries, xerostomia
and osteoradionecrosis (ORN) are some of the complication’s radiation therapy may cause.
The side effects of cancer treatment can have a significant impact on the patient's quality of
life. It is therefore important that the oral rehabilitation is done properly (7, 9). Major
concerns may involve the ability to speak, masticate and swallow. It is therefore necessary

that these functions are restored to an acceptable level (10).

A serious side-effect to radiation therapy is ORN. Due to reduced blood supply, simple
trauma such as tooth extractions may cause necrosis and subsequent severe infections in
irradiated bone. ORN is difficult to treat and can be a challenge for several years and even for
life. Given the incidence of oral cancer and the use of radiation therapy is increasing, it is
expected that population risk for ORN will increase further (11). Hyperbaric oxygen
treatment (HBOT) combined with surgical debridement is still treatment of choice for ORN,
I.e. a very expensive and demanding modality. To prevent future ORN, it is not unusual to
extract teeth at risk before planned radiation therapy. Teeth that will receive >50-60 Gray

(Gy) will typically be subjects to such prophylactic extractions (11, 12).

The major functional impairments caused by surgical treatment or prophylactic extractions, is
one of the reasons for the need of dental implants. The use of dental implants is now the rule
rather than the exception in oral rehabilitation (12). Oral cancer surgery often results in
altered anatomy and can cause deformities. Therefore, oral implants are used for

reconstructing these deformities as well as replacing teeth (11, 12).

There are a number of adjunctive treatments available for patients who have received
radiotherapy, one of them is hyperbaric oxygen therapy. The treatment was first tried out in
the U.S in the early 20th century, it was mainly used to treat deep-sea divers with
decompression sickness in the Navy (13). HBOT is a form of treatment where the patient
breathes in 100% pure oxygen in a pressurized chamber. The treatment options vary in
different parts of Europe (14). Indications for the treatment are mainly delayed injuries after
radiation therapy in head-neck cancer patients, it is also indicated in carbon-monoxide
poisoning and diabetic foot ulcers. The purpose of HBOT is to increase blood and oxygen
supply, thereby influencing wound healing and stimulating new formation of capillaries, bone
formation and it may favor implant osseointegration (14, 15). It can be used as adjuvant
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treatment for established ORN, but also as a tool to prevent ORN in irradiated patients who is
in need of surgery (11, 16).

Implant treatment has become a relevant treatment option because it is comparable to
traditional prosthetics in terms of function and duration (17). With an increased population
and life expectancy, it is likely that the incidence of oral cancer will grow. The research of
implant-based rehabilitation is therefore both informative and necessary.

There are a number of benefits of dental implant systems. It can preserve surrounding bone
and gums, improve health related quality of life, restore the ability to chew, speak and
swallow etc. However, there are risks associated with dental implants. Implant failure is one
of many complications. Implant failure can arise due to delayed healing, local infections,
systemic infections, or poor oral hygiene (18). Implant surgery in irradiated jaws may also
induce ORN (11).

Osseointegration is critical for the stability and prognosis of the implant. Osseointegration is
defined as a structural and functional connection between living bone and the implant. The
growth of bone around the implant is therefore necessary for long-term implant success.
Osseointegration is a complex process. Factors affecting osseointegration include loading
conditions, surgical technique, undisturbed healing phase and biocompatibility of the implant
material (19). As well as the factors mentioned above, there are also patient-related aspects
such as smoking habits, osteoporosis, toxic drugs, systemic diseases as well as a number of

factors which can be related to cancer treatment (20).

Patients treated for cancer in the head-neck area are commonly treated with a combination of
surgery and radiotherapy as previously mentioned. Both procedures have a major effect on the
healthy tissues in the oral cavity (21). In connection to this dental implants can either be
placed primary or secondary to the radiotherapy. A primary implantation is when the dental
implant is placed prior to exposure to radiotherapy, as opposed to secondary implantation,

when the dental implant is placed after exposure.



Hestnes & Jensen, 2023 Prognosis of dental implants in cancer patients

2 Material and Methods

This study can be divided into two parts. The first part is the investigation of whether there
are different clinical routines at the various hospitals that carry out dental implantation in
patients with head and neck cancer in Norway. The second part is a review of the literature on

primary and secondary dental implantation.

We wanted to investigate whether there are different guidelines in implant placement in
Norway. We therefore contacted the four hospitals in Norway who perform head and neck
cancer surgery, and the leaders of the units responsible for eventual implant placement in
relation to cancer therapy: Paula Hanna Therese Frid (The University Hospital in North of
Norway (UNN), Tromsg), Nils Petter Fossland (St.Olavs Hospital, Trondheim), Johanna E.
Rykke Berstad (Oslo University Hospital, Rikshospitalet (OUH), Oslo) and Sigbjgrn Lges
(Haukeland University Hospital (HUH), Bergen). Moreover, we asked each department head

if they performed primary or secondary implantations, as well as their use of HBOT.

In addition to investigating the protocols at various hospitals in Norway, we also performed a
review of literature on the prognosis of primary vs secondary implantation. We used the
search engine PubMed (22). We performed literature searches to find relevant articles. We
started with the keywords “dental implant”, “cancer” and “radiation therapy”. We included
articles between Jan. 2000- May 2022 and got 328 results. We chose to adjust the search
between this specific time period in order to minimize the number of studies, and to obtain
updated information on the topic.

29 ¢

We used the following MESH-terms: “oral cancer”, “mouth neoplasms”, “electromagnetic
radiation” and “radiotherapy”. The MESH-terms did not give relevant results and were

therefore not included in our final search string.

We chose to use “Radiation therapy AND oral cancer AND dental implant AND time” as our
final search string. We tried using the keyword “timing”; however, this gave a significantly

smaller pool of articles. Therefore, our final search string included the disputed word “time”.

In total our search string gave 64 results. We adjusted the search of the literature published
between Jan 2000- May 2022 and got 52 results. Both authors read through all the 52
abstracts individually. If one of the author found the abstract relevant, it was included in the

review process. In cases were both authors did not find the abstract relevant, it was excluded.

7
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In total 21 articles were included, of which the remaining 31 articles were excluded, due to

the fact that they were not relevant to our research questions.

Of the remaining articles both authors read the full texts individually, and an article was only
included in the review if both parts were in agreement. Rereading and discussion took place if
there were any disagreement during this process. Of the 21 included articles, 8 were excluded
during the full text evaluation due to the fact they did meet our inclusion criteria. For the
purpose of this study, we included systematic reviews, prospective reviews, retrospective
reviews and meta-analysis which presented data on survival rate on dental implants in patients

receiving radiotherapy for head and neck cancer.

2.1 Inclusion and exclusion criteria

e Research articles published in English, based on systematic reviews, meta-analysis,
retrospective studies and prospective studies related to oral rehabilitation with dental
implants in relation to cancer therapy, were included.

e Studies containing information regarding radiation therapy, radiation dosage, number
of implants placed, anatomical site of implant placement, timing of implant
placement, cases of ORN and the use of HBOT, were included.

e There were no requirements of a follow-up period nor size of participants.

e Lack of information on published data, animal studies and data published before Jan.
2000 or after May 2022 led to exclusion.
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PubMed search
328 articles
(2000-2022)

Adjusted search
64 articles

Excluded
12 articles

1

Abstract evaluation
52 articles

Abstracts excluded
31 articles

Full text evaluation
21 articles

Full text excluded
8 articles

Included 13 articles

Fig.1 Flow chart illustrating the selection process of articles for the review.
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3 Results

A subject we wanted further information about was whether there were different guidelines in
implant placement in Norway. A summary of these results is shown in Table 2.

At Haukeland University Hospital in Bergen, all patients who are to be treated with radiation
are admitted to the maxillofacial surgery department. If possible, remediation and insertion of
dental implants is carried out as part of the main surgery before radiotherapy. Surgical
procedures, including dental implant treatment, in irradiated areas with high risk for ORN is
considered an indication for HBOT. The typical protocol is 20 daily treatment sessions
preoperative where the patient breathes 100% oxygen at a pressure of 14 ATM for 90
minutes. After surgery, 10 additional sessions are performed. HUH has national function for

this treatment, so patients from all hospitals will eventually get HBOT in Bergen if needed.

Similar to Haukeland University hospital, UNN tries to install dental implants before the start
of radiation, i.e. in the same session as the tumor surgery for patients. This therefore applies if
dental implants are installed in an area exposed to full dose radiation 60-70 Gy. Furthermore,
areas that have received radiation below 50 Gy, or areas which are not in the radiation field
are uncomplicated. The oral surgeons study the radiation fields together with the radiation
therapists at UNN. Tooth extractions that are necessary in a full dose irradiated area are

planned in combination with HBOT in Bergen.

At Oslo University Hospital, individual assessments are made regarding the need for
immediate rehabilitation. OUH pointed out that this is a heterogeneous group of patients in
need of rehabilitation and the risk of ORN is related to various risk factors, such as patient-

related, tumor-related and treatment-related risk factors.

Moreover St.Olavs Hospital inserts implants within 6 months after radiotherapy. They rarely
plan to insert an implant in an irradiated area shortly after completing radiotherapy.
Moreover, HBOT is not a part of their routine. The clinicians extract numerous teeth;
however they do not have a protocol to evaluate implant therapy within a certain period of
time. The majority of patients get followed up by their general dentist, who plan the

rehabilitation together with the patients.

10
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Haukeland University hospital Oslo University St.Olavs
University in North of Norway hospital Hospital
Hospital
Perform primary Yes Yes Yes, if needed No
implantation
Perform secondary Yes, if needed Yes, if needed Yes, if needed Yes
implantation
Uses HBOT Yes Yes Yes, if needed No

The table shows that there are performed different practices at the various hospitals.
HBOT, Hyperbaric oxygen treatment

In the 13 included studies in our review a total of 4180 patients were identified with a number
of 17303 implants placed before or after radiotherapy. Primary implantation was investigated
in three studies (338 patients, 989 implants), while secondary implantation was presented in
six studies (2165 patients, 9442 implants). In the remaining four studies both primary and
secondary implantation was evaluated (1677 patients, 6872 implants). The different results

are presented in Table 3, 4 & 5.

As mentioned above three studies reported data on primary implantation alone (Table 3).
Wetzels et al. (23) found an overall survival rate of 90,7% in their total follow-up period (207
patients, 548 implants). However, these results included 93 patients who did not receive
postoperative radiotherapy. Despite this there were no significant results comparing survival
rate between irradiated/non-irradiated patients in this study. In addition, no significant
differences comparing implant placement in maxilla/mandible were found. Most of the
patients who underwent radiotherapy after implant placement were irradiated with a dosage of
>50 Gy. Out of the 114 irradiated patients a total of 16 developed ORN (14%). HBOT was
however not used as an adjunctive treatment. More advanced reconstruction of the mandible
significantly increased the risk of ORN (P = 0.042).

Korfage et al. (24) showed similar results with a 5-year follow-up on 50 patients who in total
installed 195 implants. Out of the 50 patients in this study, 31 patients received radiotherapy
after implantation, 123/195 implants were placed in the irradiated group, and 13 implants
were lost during the follow-up period, which led to a significant implant survival rate of
89,4%. There were no numbers that could indicate results on survival based on location in this

study. There were no cases of ORN, and HBOT was not used as an adjunctive treatment.

11
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Furthermore, Korfage et al. (25) has comparable results, with an overall survival rate of
90,3% in patients who later received radiotherapy. All the implants in this prospective study
were placed in the mandible, and therefore no results comparing locations would be
considered. Three patients were given HBOT, and five patients developed ORN (5%) during
this study (25).

Secondary implantation was investigated alone in six studies (Table 4). The highest survival
rate was found in a study by Curi et al. (26), (92,9%) (P < 0.001). The survival rate was
higher in the maxilla (92,4%) than in the mandible (90,9%), however the differences in
location was nonsignificant (P = 0.808). None of the patients developed ORN during implant
surgery, nor during follow-up. The use of HBOT had no significant effect on implant
survival. The lowest survival rate of implants placed in irradiated patients was found in a

retrospective study by Rana et al. (27) (67%).

Schiegnitz et al. (28) did a meta-analysis on the survival rate of implants placed after
radiotherapy, with a total of 1814 patients receiving a total of 8177 implants. 1989/8177
implants were a part of control groups with installation in the non-irradiated jaw. They found
the survival rate for irradiated native bone to range from 72-100%, while irradiated grafted
bone varied from 54-89%, with a statistically higher implant survival in the irradiated native
bone. Due to missing data, no investigation of the influence concerning location
(maxilla/mandible) could be made. HBOT was not used, and there were no data on the

development of ORN.

Yerit et al. (15) carried out a prospective study with a follow-up on 71 patients who had 316
implants installed in the mandible alone. 154 implants were placed in an irradiated jaw with a
total dosage of 50 Gy. The survival rate of irradiated bone was 72%, grafted bone (54%),
whereas the survival rate in the non-irradiated jaw was 95% (P < 0.0019). However, there
were no statistically significant differences in the survival rate between irradiated residual
bone and grafted bone, compared to the results by Schiegnitz et al. (28). Two patients suffered
from ORN (2,8%) (15). HBOT was not used during the study.

Furthermore, a prospective study by Sammartino et al. (29) found the success rate to be
higher for irradiated patients (88,3%), with a statistically significant difference comparing the
location of the implantation. The mandibula had an overall survival rate of 98,4%, with a
considerably lower survival rate in the maxilla (57,1%) (P < 0.05). The survival rate of

12
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implants was higher in patients receiving a radiation dosage <50 Gy, than patients treated
with dosages >50 Gy (P < 0.05). There was not performed HBOT in this study, nor any

comments concerning the development of ORN.

A study done by Rana et al. (27) found a significantly higher implant survival in the mandible
(71%), compared to the maxilla (65%) (P < 0.005). The study presented the lowest results of
the articles investigated for implants survival in patients treated with radiotherapy prior to
installation, with an overall survival rate of 67%. Patients receiving a radiation dosage <50
Gy showed a higher 5-year survival rate of implants (P < 0.05). There was no mentioning of

patients developing ORN, nor the use of HBOT.

Likewise, a study done by Visch et al. (21) found the location to have a significant influence
on survival, 50% in the maxilla and 85% in the mandible (P = 0.001). Implants in sites that
received radiotherapy with a dosage of <50 Gy showed a survival rate of 84%, compared to a
dosage of >50 Gy (71%) (P = 0.05). The overall survival rate was 78%. HBOT was not
applied, and no cases of ORN were mentioned.

Four of the included studies showed results on both primary and secondary implantation
(Table 5). The overall survival rate varied from 76,7% to 97%. A systematic review by Nooh,
N (12) found there to be a higher survival rate when placing an implant prior to radiation
therapy (92,2%), than after (88,9%). However, there were a greater number of patients in the
group who were irradiated before implant insertion, than those who received radiation after,
and no statistical comparisons in the primary implantation group could be performed in the
study. On the other hand, there were found statistically significant results on the location of
implants in the group of patients who were irradiated prior to implant placement. The survival
rate of implants inserted in the mandible was 93,3% and had a significantly higher survival
compared to implants in the maxilla (78,9%). HBOT was also reported in the systematic
review for patients who had implants placed prior to radiotherapy (preimplantation). The
survival rate of dental implants was 93,8% in patients receiving HBOT, compared to 90,6% in
patients who did not have this adjunctive treatment. These results were however

nonsignificant. The occurrence of ORN was not reported.

Moreover, a systematic review and meta-analysis was performed by Toneatti et al. (30). The
overall survival rate for irradiated patients was 91,9%, but no comparison on

primary/secondary implantation could be made. However, they found the average interval

13
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between primary implantation and radiotherapy to be 6 weeks, whereas for secondary
implantation the average waiting period for implant placement was 30,7 months. A
retrospective study by Patel et al. (31) also mentioned the time interval and found that
placement during primary resection reduced the time from diagnosis to placement
significantly (P = 0.016). Toneatti et al. (30) also investigated the occurrence of ORN, which
was developed in 11 cases (2,6%). They found that the risk for ORN was unrelated to the
radiation dose surpassing 60 Gy, however these results were nonsignificant, and factors
influencing ORN could not be determined. 64 of the irradiated patients underwent HBOT, but

no significant impact was found.

Patel et al. (31) found the overall survival rate of dental implants to be 97%, regardless of the
timing of radiotherapy. Nine implants failed primary, and eight implants secondary, however
there were no comment on the total number of implants placed before/after treatment in the
study, therefore no individual survival rate was given. The comparison of location
maxilla/mandible was nonsignificant. There was no mentioning of the use of HBOT, nor any
incidence of ORN.

Granstom, G. (20) performed a retrospective study on osseointegration in irradiation patients
with the lowest overall survival rate of 76,7%. Regarding the location, the survival rate was
significantly higher in the oral maxilla (87,5%), than in the mandible (66%). There were no
results comparing the use of primary vs secondary implantation. They found the use of HBOT
to increase implant survival significantly. 340 implants were installed under the use HBOT.
Five patients developed ORN (4,7%), four of these were treated with a combination of
radiation therapy pre- and postoperative, and therefore received high radiation doses. This is
however the only article in our study who found HBOT to have a significant effect on the

survival rate.
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Wetzels etal. | 207 548 (90,7%) No N/A? 16
(23)

Korfageetal. | 31 123 (89,4%) No N/A2 0
(24)

Korfage etal. | 100 318 (90,3%) yes - /524 (90,3%)P 5

(25)

Overall survival rate was between 89,4%-90,7%.

No, number of; Ol, oral implants; HBOT, hyperbaric oxygen therapy; ORN, osteoradionecrosis; N/A, not available
@ Comparing implant survival based on location could not be done due to inadequate data
b The study investigated implant survival in the mandible alone

15
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Study No. of No. of Ol | Overall HBOT No. of Ol and No. of patients
patients survival survival rate (%) developing ORN
rate (%) (ves/no) Maxilla/Mandible
1. Curi et al. (26) 35 169 (92,9%) yes 79 (92,4%) / 90 0
(90,9%)
2. Schiegnitzetal. | 1814 8177 (72-100%) no N/A? N/A®
(28)
3. Yeritetal. (15) | 71 316 (72%) no - 1 316 (72%)° 2
4. Sammartino et 69 172 (88,3%) no 42 (57,1%) / 130 N/A®
al. (29) (98,4%)
5. Ranaetal. (27) | 46 162 (67%) no 70 (65%) / 92 (71%) N/AC
6. Vischetal. (21) | 130 446 (78%) no 108 (59%) / 338 N/A®
(85%)

Overall survival rate was between 67%-92,9%

No, number of; Ol, oral implants; HBOT, hyperbaric oxygen therapy; ORN, osteoradionecrosis; N/A, not available
@Comparing implant survival based on location could not be done due to inadequate data
b The study investigated implant survival in the mandible alone
¢The development of ORN was not investigated
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Study No. of No. of No. of Ol & No. of Ol & Overall HBOT No. of Ol and Cases of
patients (0] Survival rate Survival rate (%) | survival survival rate (%) patients
(%) postimplantation | rate (%) | (Yé$/M0) | Maxilla/Mandible developing
preimplantation ORN
1. | Nooh, N. | 1030 4095 320 (92,2%) 3775 (88,9%) (90,55%) | yes 516 (78,9%) / 2344 N/AT
(12) (93,3%)
2. | Toneatti | 425 1770 N/A® N/AP (91,9%) | yes N/A? 11
etal.
(30)
3. | Patel et 115 376 N/A? N/ADP (97%) N/A® N/Ad N/AT
al. (31)
4. | Granstrd | 107 631 N/A® N/AP (76,7%) | yes N/A (87,5%) / N/A 5
m, G. (66%)°
(20) ‘

Overall survival rate was between 76,7%-97%
No, number of; Ol, oral implants; HBOT, hyperbaric oxygen therapy; ORN, osteoradionecrosis; N/A, not available
aThere were no survival rate for preimplantation alone
b There were no survival rate for postimplantation alone
¢The use of HBOT was not mentioned
4 Comparing implant survival based on location could not be done due to inadequate data
¢ Number of implants placed in the maxilla and mandible were not available
f The development of ORN was not investigated
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4 Discussion

With an increase in the use of dental implants in the treatment of oral cancer patients going
through radiotherapy, and inconsistent results in the literature, we wanted to investigate
further on this subject (12). There are no clear guidelines in the literature, nor in the
Norwegian hospitals, regarding the timing of radiotherapy in relation to implant placement.
As previously mentioned, we contacted the four different regional hospitals who perform
implant placement in relation to cancer therapy. In addition, we conducted a review of the
available literature on the prognosis and outcome of dental implants placed both prior to and

after radiation.

The selection of the literature has not been carried out strictly systematically. We have chosen
to conduct a review of the literature that was available based on our research questions and
keywords. We chose not to write a meta-analysis as the criteria would probably be too
different for it to be possible to compare the different studies. Based on our search string, we
did not find any randomized control studies that showed a direct comparison between implant
insertion before and after radiotherapy. When reviewing our study, we realize that it is
difficult to draw a conclusion, and that we found little or no difference between primary and
secondary implantation. It would therefore have been insightful to have carried out an RCT

study.
4.1 Practices performed at the various hospitals in Norway

In conclusion it can be argued that there is a difference in the routines at the institutions. In
summary Haukeland University Hospital aims to sanitize the oral cavity and implant
insertions in the same session as tumor resection. Similar to HUH, the University hospital in
Tromsg strives to either insert implants primary or in the same sessions as tumor resection.
The University of Oslo pointed out that this particular group is a heterogeneous group, and
they therefore evaluate every patient individually, with regards to the need for rehabilitation
and risk factors. In contrast to all of the above St.Olavs Hospital inserts implants secondary to

radiotherapy.
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4.2 Primary implantation compared to secondary implantation

Radiotherapy has been considered a relative contraindication for dental implants in cancer
patients (20). One of the concerns are altered anatomy, secondly impaired wound healing,
failed osseointegration and finally ORN (30). However, during the last decades, there has
been immense development in dentistry along with dental rehabilitation. This includes
biocompatible materials, surgical techniques as well as new surgical concepts (20). During
our review, various articles present results of dental implantation in both irradiated and non-

irradiated groups.

As Table 3 shows, there were limited studies investigating dental implant placement prior to
radiotherapy, but for those mentioned the survival rate was quite high, varying from 89,4% to
90,7% (23-25). Major benefits may come from preimplantation. With a primary insertion, the
rehabilitation time is greatly reduced. As mentioned in the results Toneatti et al. (30) found
the average interval between primary implantation and radiotherapy to be 6 weeks, compared
to secondary implantation which had an average waiting period of 30,7 months. Patel et al.
(31) found that primary resection significantly reduced the timing of implant placement. This
is beneficial, as it allows patients to faster regain oral functionality, as well as being able to
finish their rehabilitation earlier compared to secondary implantation (25). Korfage et al. (25)
also implied preimplantation to be convenient considering that patients may postpone or
decline implant treatment after resection and postoperative radiotherapy, due to additional

treatments and lack of motivation.

Regardless, the results showed several disadvantages of using preimplantation. In some cases,
a source of error could be tumor recurrence, incorrect implant positioning, alterations in
anatomical relationships, delay of oncological treatment, post treatment complications,
comorbidity or the patient dying (23, 24). In these cases, it would be beneficial to have carried
out post implantation, as one can better predict the prognosis regarding possible
complications. At the same time, it would be rather meaningless to insert an implant if it is

placed incorrectly, or if the patient dies and has no use for it.

In contrast to preimplantation there were more studies found investigating postimplantation
(Table 4). As regards to postimplantation the prognosis varied based on the amount of
radiotherapy and the damage to the irradiated area. The survival rate of implants placed after

radiotherapy varied from 67%-92,9%. The results on postimplantation had a greater diversity
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compared to the results found for preimplantation and is perhaps more credible based on the

number of articles examined.

Based on the findings on primary and secondary implantation it can be argued that there are
advantages and disadvantages in both treatments. Although the number of studies conducting
primary implantation were low, in total the survival rate was quite high. Overall, the results
suggest that there is a high survival rate for implants placed in irradiated bone, regardless of
the timing of the radiation. For that reason, this study justifies dental implantation in
irradiated bone as well as in non-irradiated bone. Despite our results, there is still a need for
more evidence-based research to be able to conclude whether one method is preferred over
the other.

4.3 The influence of the anatomical site of implantation

In addition to studying the prognosis of primary and secondary implantation, we have also
become aware that the survival rate can be influenced by the anatomical site of implant
placement. The traditional interpretation is that implants have a better prognosis in the
mandible compared to the maxilla. Similar to the statement, our results show that the
mandible has the most favorable survival rate. Then again, sources of errors may be small

patient groups.

In the majority of the articles we have reviewed, most implants are placed in the mandible.
Nooh, N (12) found implant placement in the mandible to have a significantly better
prognosis (93,3%) compared to maxilla (78,9%). The mandible has presumably a better
prognosis due to a higher amount of dense and compact bone. This seemingly leads to an
improved primary stability compared to the maxilla (30). Sammartino et al. (29) also found
the mandible to have a higher survival rate (98,4%) compared to maxilla (57,1%). According
to Visch et al. (21) the implants survival was mostly influenced by the location of the implant.
This study also concluded that the mandible had a significantly better prognosis compared to

the maxilla.

In contrast to this, Curi et al., Wetzels et al., and Toneatti et al. (23, 26, 30) found no
significant differences in the anatomical implantation sites. On the other hand Granstrom, G
(20) found a high implant failure in the mandible compared to other anatomical sites, and
showed greater failures in the mandible with increased time. In total our results indicate that

the anatomical location of the implant has an influence on the prognosis. The mandible has an
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overall presumably better prognosis compared to the maxilla based on our selection of
studies. As to the variation of the results, sources of error may be due to different sizes of the
selected patient groups, implants lost during the follow up period and not included in the

statistics.
4.4 QOsteoradionecrosis

As previously mentioned ORN is a serious complication in relation to dental implant
placement regarding patients with head-neck cancer. Although there were few studies
documenting the incidence, ORN was present in both primary and secondary dental
implantation. The highest number of cases was found in a study on primary implantation by
Wetzels et al. (23), where 14% of the irradiated patients developed ORN. This is interesting
considering that one of the advantages for primary implantation is the fact that implant
surgery can be avoided in areas compromised by radiotherapy (24). Korfage et al. (24)
mentioned this as an important factor in reducing late complications such as ORN. They also

did a study on primary dental implantation and had no occurrence of ORN.

Only two of the six articles investigating secondary dental implantation mentioned the
development of ORN. Curi et al. (26) had no occurrence of ORN, while Yerit et al. (15) only
had two cases (2,8%). The other four articles had inadequate data on the subject, and no

summary could be made.

The studies comparing primary and secondary implantation also found cases of ORN, varying
from 2,6%-4,7% (20, 30). However, there were also inadequate data in this group, with two
articles not commenting on the development of ORN. This taken into consideration it would
be difficult to conclude whether there are higher risks installing an implant prior to/after
radiotherapy is given. However, we know that ORN can occur even if an implant is placed in
a later irradiated area, and that primary installation does not necessary reduce the risk of
ORN.

4.5 Hyperbaric oxygen treatment

Another essential point of our study is the use of HBOT. In total five of the 13 reviewed
studies chose to implement the adjunctive treatment. As previously mentioned, the effect

remains controversial. HBOT has been reported to promote capillary neoangiogenesis, bone
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formation and improve viability, which may reduce the risk for ORN (11, 26). A selection of
our studies did not find a significant influence on HBOT in relation to implant survival, but
there can be found a difference in survival rate despite not being statistically significant. For
example, Curi et al. (26) showed an increased 5-year survival rate on dental implants when
comparing patients who underwent HBOT (94.1%) with patients who did not (88.2%),
however this was nonsignificant. Whereas Nooh, N (12) showed no links between HBOT and

implant survival.

On the other hand, Granstrom, G (20) found there to be an increased failure rate of implants
installed in previously irradiated bone and argued that they chose to apply the therapy in the
study due to increased awareness of sources of errors. This was also the only study that found
HBOT to have a significant influence on the survival rate on dental implants placed in
irradiated bone. However, Yerit et al. (15) did not have HBOT available at the beginning of
their study but concluded that the treatment may favor wound healing and regeneration in
irradiated bone. This considered, the effects of HBOT still seems to be controversial. Our
study also shows that the various hospitals in Norway have different approaches to the
adjunctive treatment. More studies should preferably be performed to be able to draw a

conclusion about the presumably beneficial effect.
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5 Conclusion

Our master thesis sought to find out if there were different practices at the various hospitals
who perform implant placement prior to or after radiotherapy. In conclusion, there are
different practices at each of the institutions. Ideally, it would have been beneficial to have
national guidelines, but as the literature does not point to any evidence-based
recommendations about one type of treatment over the other, there is a need for more research

on the topic before there is established a common guideline.

In summary, there is also a difference in prognosis by comparing primary and secondary
dental implantation in oral cancer patients. There are currently too few studies on primary
implantation as well as primary implantation compared to secondary implantation, to be able
to conclude whether one gives a better prognosis than the other. However, the small number
of studies that included implant placement prior to radiation therapy, had results that are
comparable to implantation in irradiated bone. This indicates that more studies should be

done on the prognosis of preimplantation.
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