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Abstract: During prosthetic rehabilitation after tumor therapy (TT) in the head and neck region, the
dentist must assess whether the prognosis of the remaining teeth is sufficiently good or whether
implants should be used to anchor dentures. Thus, the aim of the present study was to compare the
survival rate of teeth and implants after TT and to evaluate factors potentially influencing implant
survival. One hundred fifteen patients (male: 70.3%; mean age: 63.2 ± 12.4 years) having received
dental treatment before and after TT at the Martin Luther University Halle-Wittenberg were enrolled
in the study. Clinical examination including assessment of dental status and stimulated salivary flow
rate was performed. Information about disease progression and therapy was retrieved from medical
records. After TT, from a total of 1262 teeth, 27.2% had to be extracted. Of 308 implants inserted
after TT, 7.0% were lost. Teeth exhibited lower 5-year survival probability (76.8%) than implants
(89.9%; p = 0.001). The risk of loss (RL) of implants increased with age, nicotine use, intraoral defects,
and RCT. Radiotherapy did not independently increase the RL. Thus, implants seem to be a reliable
treatment option in case of progressive tooth decay after TT, particularly after RT.

Keywords: head and neck cancer; prosthetic rehabilitation; implants; risk factors; radiation therapy

1. Introduction

After tumor therapy (TT) to the head and neck region, the treating dentist must
consider a variety of posttherapeutic side effects among patients. Besides resection-related
anatomical changes, restrictions in tongue and mandibular mobility, and difficulties in
mouth opening, xerostomia is considered the most serious sequela, especially in irradiated
patients [1–3]. Often, oral hygiene becomes more challenging, increasing susceptibility to
caries [4,5]. The treatment of radiation caries is often extremely frustrating for both the
dentist and the patient because it cannot be stopped despite close monitoring and prompt
conservative measures. Therefore, in many cases, it is necessary to first remove a few teeth
and then, in severe cases, all remaining teeth [4,6].

There are currently no guidelines regarding the design and type of dental prosthesis
after TT to the head and neck region. Therefore, the therapeutic decision for the rehabil-
itation of patients after TT is discretionary. It is the dentist’s task to decide whether the
prognosis of the remaining teeth is good enough to be used as abutments for dentures. If
the prognosis of the teeth is unfavorable or patients cannot adapt to a removable prosthesis
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due to anatomical and/or functional changes, the placement of endosseous implants is
recommended earliest after one year of freedom from recurrence [7].

In principle, the same criteria for successful implantation are applied as defined in
the literature for implantation in patients without tumor history [8]. Implant success is
described as “ideal clinical conditions over a period of at least 12 months for implants
serving as prosthetic abutments.” To achieve such a result, it is essential to consider a variety
of factors: healthy bony and mucosal tissue conditions in the area of the future implant
site, presurgical evaluation of bone density, precise measurement of the bone volume to
determine the ideal implant length and diameter, selection of the correct implant type with
adequate surface treatment, experienced execution of the implant placement to achieve
sufficient primary stability, adequate soft-tissue management during and after exposure,
a well-thought-out design of the prosthetic restoration, and the patient’s motivation to
comply with the necessary prophylactic measures during the follow-up care [9–11].

However, the conditions desirable for implantation are rarely found in patients with a
condition following TT in the head and neck region. After radiotherapy (RT), osseointe-
gration is thought to be compromised because of the decreased healing and remodeling
potential of bone tissue due to fibrosis and the lack of vascularization [12]. Diminished
blood supply to the mucosa and hyposalivation cause periodontal and peri-implant inflam-
mations [7]. Immunological defense mechanisms function only to a limited extent, and
every surgical intervention, especially in the bone, carries the risk of infection. To avoid
the most serious side effect after RT, osteoradionecrosis (ORN), elective implant insertion
was critically evaluated for a long time [12]. However, if conventional mucosal-supported
dentures cannot be worn due to anatomical or functional changes, implants are often
the only way to successfully anchor dentures. If radiation doses are taken into account,
previous studies have proven the success of implant insertion [12,13].

The benefit of implants must be carefully considered against the risk of damage to the
vulnerable mucosa and the ORN risk to the bone. Concerning implant survival, the current
literature has discussed various causal factors. In addition to age, sex, salivary flow rate
(SFR), and history of stimulant use, which have a certain influence on implant survival in
patients without tumor history, the influence of the implant site (autologous bone vs. grafts)
and any additional RT and RT with chemotherapy (RCT) that may have taken place are
discussed as important factors in patients with a condition after TT in the head and neck
region [13–15]. Systematic studies comparing the survival of teeth and implants are not
yet available.

In Part 1 of our study, we evaluated the factors potentially influencing the survival
of teeth [16]. The present study aimed to compare the survival of teeth and implants after
TT to the head and neck region in the same cohort. It was postulated that implants exhibit
a higher probability of survival after TT than the patients’ own teeth. In addition, we
evaluated possible factors influencing implant survival, such as age, sex, SFR, nicotine
consumption, implant site, and RT or RCT.

2. Materials and Methods

One hundred fifty-three patients who underwent TT due to head and neck cancer
between 1985 and 2018, including those undergoing dental follow-up after completion
of TT and oral rehabilitation from 1 January 2019 to 31 January 2020 at the University
Clinic for Prosthodontics, were initially included in the present study. Thereof, 35 patients
with advanced age- or disease-related general health or cognitive impairment, those with
premature death, and those not provided informed consent were excluded. The study
protocol was approved by the Ethics Committee of the Medical Faculty of Martin Luther
University Halle-Wittenberg (Nos. 2017-62 and 2018-130). The study’s design was previ-
ously described in Part 1 of our manuscript [16]. For this reason, we briefly describe the
study design below.
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2.1. Tumor Therapy

The type of TT was determined and conducted by the treating clinics, primarily oral
and maxillofacial surgery, otorhinolaryngology, and radiotherapy at the University Hospital
Halle. The teeth in direct relation to the tumor or the area of the safety distance, as well
as the teeth that could not be preserved because of decay, were generally removed during
tumor-removal surgery.

2.2. Dental Treatment in Relation to Radiotherapy

Before RT, all patients were referred to the Department of Dentistry, Oral, and Max-
illofacial Surgery by the University Clinic for Radiotherapy. The focal dental treatment
performed here was based on the recommendations of the German Society for Dental, Oral,
and Maxillofacial Medicine and is extensively described in previous publications [17–21].
Instructions on the handling of the radiation protection splints, oral hygiene, and nutrition
during and after RT were provided to the patients in the form of brochures [22].

2.3. Dental Treatment after TT

All patients were recommended to follow a frequent quarterly follow-up regimen. This
included a dental checkup, professional tooth cleaning, and timely treatment of any defects
in the dental hard tissues. Carious lesions were treated following the recommendations of
Kielbassa et al. [23] and Grötz et al. [24]. In the case of progressive generalized decay, the
aim was to crown the remaining teeth as soon as possible.

In cases where adequate retention of a conventional prosthesis was not achievable,
the possibility of implant placement was considered. Implant-prosthetic rehabilitation
was planned during a joint consultation session by an experienced dental staff member
of the University Clinic of Prosthodontics and an experienced dental or medical staff
member of the University Clinic of Oral and Maxillofacial Surgery after one year of freedom
from recurrence. In the case of edentulous jaws, four implants were usually planned
for the anchorage of removable partial dentures; in particularly favorable conditions
(sufficient mouth opening, well-preserved alveolar bone, and stable soft-tissue conditions),
six implants were also placed. In the case of a condition after RT, the course of the isodoses
in the area of the planned implant positions was evaluated beforehand. For isodoses
exceeding 50 Gy, implant placement was not advised due to increased risk of ORN but was
not denied [25].

If bone augmentation was required, only autologous bone material was used. The
implantation itself was template-oriented, and the aim was to achieve closed healing.
Implants from Straumann GmbH (Freiburg, Germany) and Astra Tech (Dentsply Sirona,
Charlotte, NC, USA) were used. The healing time was at least four months.

If the implants were easily accessible for oral hygiene, then stable peri-implant mucosal
conditions, as well as sufficient mouth opening, were present, and bar constructions were
fabricated on four healed implants. If the implants could be inserted in optimal positions,
telescopes were fabricated as an alternative. In the case of considerably reduced mouth
opening, single connection elements with a lower construction height, mostly locators (Zest
Dental Solutions, Carlsbad, CA, USA), were used. In addition, magnets (steco-system-
technik, Hamburg, Germany) were selected for anchoring the prosthesis in cases of manual
tactile-restricted patients, difficult accessibility to the implants due to pronounced scarring
and/or restricted mouth opening, and premature implant failure. In individual cases, fixed-
bridge restorations were also fabricated with good accessibility and stable peri-implant
soft-tissue conditions. Easy cleanability of the fixed restoration was particularly important.

2.4. Data Collection

The same examiner collected the data. Information on anamnesis, demographic data,
course of disease, and TT, as well as information on implant survival after TT, were obtained
from the medical records. The dental status was determined by clinical examination, the
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presence of intraoral defects checked, and the stimulated SFR assessed [24–29]. For detailed
information, please refer to our first manuscript [16].

2.5. Statistical Analysis

Statistical analysis was performed with the support of the Institute of Epidemiology
at Martin Luther University Halle-Wittenberg. First, the epidemiological characteristics of
the study cohort were presented descriptively. The survival-time data analyses of the teeth
and implants after TT and the evaluation of possible influencing factors were performed
using the Kaplan–Meier method and log-rank test. Final multivariable analysis evaluation
regarding the influence of age, sex, chemotherapy, SFR, implant position, defect situation,
tumor location, and implant site on the implants’ survival was performed. The affiliation of
multiple implants to a patient (clustering) was considered using the marginal model with
calculation of hazard ratios and robust 95% confidence intervals (CIs) [30]. In the marginal
model, the inclusion of clustering leads to an increase in standard errors compared with
Cox regression. To improve the sharpness of the test, the variables “defect situation” and
“implant site” were dichotomized, i.e., divided into “intraoral defect present” and “no
intraoral defects” as well as “autogenous bone” and “grafted bone.” The duration of the
dental survival analyses extended from the end date of TT to the date of extraction or the
examination date. The duration of the implant survival analyses extended from the date
of implant insertion to the date of implant removal or to the examination date. Microsoft
Excel 2016 (Microsoft Deutschland GmbH, Munich, Germany) and IBM SPSS Statistics,
version 25.0 (IBM Inc., Ehningen, Germany) were used for analysis.

3. Results
3.1. Characterization of the Study Cohort

Data from 118 patients were included in the study (male: 70.3%; mean age, males:
63.2 ± 12.4 years, females: 63.0 ± 13.4 years). Regular tobacco use was reported by 49.4%
of men and 37.1% of women. Clinical examination of the patients was conducted at an
average of 80 ± 67 months after the end of primary TT. Table 1 lists details about the tumor
localization and stage.

In the 107 patients who underwent primary surgery, no intraoral reconstruction was
required in 19 cases (17.6%), such as laryngeal/hypopharyngeal malignancies, and no
reconstruction was performed in six cases (5.6%), such as hemi-maxillectomy. In the
remaining 82 cases, the resection defects were either primarily closed or covered by local
or microvascular anastomosed flaps. Primary-defect coverage was achieved in 39 cases
(36.1%). In eight patients (6.8%), local flap plasty, such as nasolabial flaps, was used to
cover the defect. This included one patient who had not undergone primary surgery
but underwent resection of necrotic bone followed by defect coverage using nasolabial
flaps due to ORN in the maxillary region on the right side. Thirty-three patients were
reconstructed with microvascular anastomosed flaps. These were fasciocutaneous flaps
(e.g., radialis flaps) in 15 cases (12.7%), myocutaneous flaps (pectoralis and latissimus dorsi
flaps) in two cases (1.7%), and osseous or osteo(myo)cutaneous flaps (scapula, fibula, and
iliac crest flaps) in 16 cases (13.6%).

RT was performed in 95 patients (80.5%), with 11 patients receiving primary cura-
tive irradiation and 84 patients receiving adjuvant irradiation (initial irradiation dose:
64.6 ± 6.1 Gy). Additional chemotherapy was used in 47 patients (39.8%), mainly for
advanced International Union Against Cancer (UICC) stage III and IV tumors.
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Table 1. Tumor localization and tumor stage according to ICD-10 and UICC.

Localization ICD-10
UICC-Stadium

Number (%)
I II III IV A IV B IV C n.d.

Nasopharynx C11, C30, and C31 0 1 0 2 2 0 2 7 (5.9)

Tonsil C09 and C10 0 2 1 6 4 0 1 14 (11.9)

Tongue base C01 0 2 1 4 0 0 1 8 (6.8)

Oral cavity C00, C02-C06, and C08 9 13 11 12 6 1 5 57 (48.3)

Cheek/parotid gland C06 and C07 3 1 3 1 0 0 0 8 (6.8)

Larynx/hypopharynx C12, C13, and C32 0 5 4 7 0 0 0 16 (13.6)

Others C41, C49, C80, and D18 1 0 0 2 2 0 3 8 (6.8)

Number
(percent)

13
(11.0)

23
(19.5)

21
(17.8)

34
(28.8)

14
(11.9)

1
(0.8)

12
(10.2)

118
(100)

ICD, International Statistical Classification of Diseases and Related Health Problems; UICC, International Union
Against Cancer; n.d., not defined.

3.2. Survival of Teeth and Implants after TT

After completion of TT, 1262 teeth were found in 87 patients. Twenty-three dentate pa-
tients had not been irradiated (212 teeth). At the time of the study, a total of 343 teeth (27.2%)
had to be extracted.

For the analysis of implant survival, no implants were available that had already been
placed prior to TT. Therefore, only the survival data of 328 implants placed in 71 patients
after TT were considered. Implant placement was performed 50.6 ± 60.7 months following
primary TT. Sixty-five implants were placed in patients who had not previously received
RT. Definitive removable or fixed prostheses were placed at a mean of 8.9 ± 4.8 months
after implant placement.

Of the 328 total implants placed, 23 (relative frequency 7.0%) were lost in 16 patients
by the time of the study. These 23 implants had to be removed at a mean of 11.7 ± 14.9
months after implant placement. Early implant failure was found in 11 implants due to
insufficient osseointegration. Late implant failure after functional loading was caused by
peri-implantitis and, in two cases, the occurrence of ORN.

The 5-year survival probability (5-YSP) of the teeth was 76.8% (95% CI: 74–79.6%),
which was significantly lower than the 5-YSP of the implants (89.9%, 95% CI: 85.5–94.3%;
p = 0.001; Figure 1).
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3.3. Factors Influencing Implant Survival

RT produced no negative effect on implant survival. The 5-YSP of the implants
of irradiated patients was higher than that of non-irradiated patients (86.2%; 95% CI:
75.1–97.3% vs. 90.8%; 95% CI: 86.0–95.6%; p = 0.103).

The implants in the mandible showed a higher 5-YSP of 91.5% (95% CI: 97.1–85.7%)
than the implants in the maxilla (86.3%; 95% CI: 76.5–94.1%; p = 0.069).

Multivariable analysis of implant survival was performed using a marginal model.
In the analysis, sex (4.1-fold increase in the risk of loss [RL] in women), chemotherapy
(4.1-fold increase in the RL), and the presence of intraoral defects (9.1-fold increase in the
RL) exhibited a pronounced influence on implant survival (Table 2). Regular nicotine abuse
also increased the risk. The variables age, irradiation, assignment to the jaw, implant site,
and SFR only slightly influenced implant survival. An increasing SFR was associated with
a higher RL, in contrast to the tooth survival calculations.

Table 2. Hazard ratios of demographic and clinical characteristics for multivariable analysis of
implant survival.

Variable Reference Hazard
Ratio 95% CI p-Value

Age - 1.024 0.970 1.081 0.384

Sex Male 4.106 1.357 12.423 0.012

SFR - 1.637 0.706 3.797 0.251

RT No RT 0.347 0.094 1.282 0.113

Nicotine abuse No nicotine abuse 2.670 0.847 8.417 0.094

Implant position Mandible 1.830 0.816 4.103 0.143

Intraoral defect No intraoral defect 9.117 0.878 94.720 0.064

Implant site Autogenous bone 0.367 0.078 1.738 0.207

Chemotherapy No chemotherapy 4.127 1.240 13.738 0.021
SFR, salivary flow rate; RT, radiotherapy; CI, confidence interval.

4. Discussion

In the present study, differences were identified in the survival probabilities of teeth
and implants after TT in the head and neck region. Thus, the null hypothesis, postulating
that implants exhibit a higher probability of survival after TT than the patients’ own teeth,
has to be proven.

We observed a relatively higher 5-YSP for the implants (89.9% [95% CI: 85.5–94.3%])
than for the teeth (76.8% [95% CI: 74–79.6%]). In the current literature, considerably higher
10-YSP of implants in non-irradiated patients are given (96.4% [95% CI 95.2%–97.5%]) [31].
Regarding these results, the implant survival rate of irradiated patients found in this
study is to be assessed as considerably lower but nevertheless distinctly higher than the
survival rate of irradiated patients’ teeth. Although the limitations of the study do not allow
absolute conclusions to be drawn, it can be inferred from the results that implants may be
recommended in patients after TT to the head and neck region. In our other publication,
we analyzed the potential variables influencing the survival rate of teeth [16].

The frequency of loss of 7% observed for implants in the present study is in agreement
with the findings reported in previous studies [32–34].

The probability of loss increased with increasing age. This correlation is already
known for the patients’ own teeth [14]. Here, particularly in older adults compared to
younger patients, a reduction in salivary flow, along with a reduction in both cognitive
and manual skills, was found to complicate at-home oral hygiene and makes professional
support essential [14,35,36]. These factors may exert greater influence in patients after TT
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and RT because the oral mucosa remains more sensitive years after radiation and anatomic
changes further complicate the accessibility to implants.

Difficult accessibility not only causes difficulties for the patient in terms of oral hygiene
at home but also makes implant insertion more difficult for the surgeon. This assumption
is also supported by the regression results; patients with intraoral defects showed a sig-
nificantly increased risk of implant loss. Besides a reduced ability to open the mouth, the
jawbone is often anatomically altered with reduced height and width, requiring stronger
implant inclinations or the insertion of implants with decreased diameters or length. These
aspects represent worse conditions but are often accepted in this special patient group,
as additional augmentative procedures in irradiated and already operated tissue involve
additional risks. In addition to implant surface, implant length and diameter were already
identified in previous studies as relevant factors influencing implant survival in patients
without tumor history [9]. Due to the large number of variables already included in the
analysis, these factors were not considered in this study. These aspects should be considered
in the future, particularly in multicenter studies with a larger cohort.

RT exhibited no negative impact on implant survival, which was higher in irradiated
patients than in non-irradiated patients but without statistical significance (90.8% vs. 86.2%;
p = 0.103). A similar observation was described by Ettl et al. [37]. In a prospective clinical
study, the authors evaluated the survival of Astra implants in patients after TT to the head
and neck region and found a relative implant survival of 95.2% after one year. The authors
distinguished implant placement in the non-irradiated jaw from that in the irradiated
jaw within and outside the former target volume. They found the lowest survival rate
after one year for implants in the former target volume (78.2%). The implants placed
outside the target volume in the irradiated bone displayed higher survival rates (96.9%)
than the implants in the non-irradiated bone (92.2%) [37]. The authors concluded that
osseous healing was limited in the area of the former target volume, justifying the lower
survival rates. They did not provide an explanation for the better survival rate of the
implants in the irradiated bone outside the target volume compared to the implants in the
non-irradiated bone. Currently, several factors can be hypothesized as causative. From
a subjective clinical view, reduced bone volume, possibly with tongue adhesion and/or
a deformed vestibule which makes a conventional denture impossible, or pronounced
xerostomia, possibly caused by medication, are usually indications for therapy in non-
irradiated patients with TT to the head and neck region. It is not uncommon to attempt
an implant placement in borderline cases in the interest of the patient. The group of
lost maxillary implants included, for example, two patients who lost five implants in
the maxilla within the first 6 months. In these cases, to avoid additional postoperative
morbidity, extensive augmentation procedures were not performed, and implants were
placed in the existing residual bone. These individual cases could also explain why sex
emerged as an influencing factor in the present study. Currently, no consensus can be found
in the literature regarding this issue. However, in this study, early implant failure was
mostly found in irradiated patients. In these cases, insufficient osseointegration might be
caused by fibrotic changes and decreased vascularization of the bone. Otherwise, ORN
was responsible for late implant failure in two cases. Chronical peri-implantitis might have
led to the penetration of pathogens into the pre-damaged bone consisting of vulnerable,
atrophic-fibrous tissue [18].

For the maxilla, the negative influence of the primarily softer bone quality on implant
survival is often discussed. In the present study, maxillary implants also exhibited a 2-fold
higher RL compared to mandibular implants. This result is consistent with the studies
of Ettl et al. [37] and Sammartino et al. [7]. However, this trend was not confirmed by
Di Carlo et al. [38]. The author group retrospectively studied 84 implants and found an
influence for the interval between implantation and the end of TT but not for the implanted
jaw. This time interval should be 12 months [7]. In the present study, all but one of
the implants were placed after one year of freedom from recurrence. In this respect, the
recommendations of the literature were followed [1,7,38].
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The influence of the implant site on implant survival has been controversially dis-
cussed in the literature. Ch’ng et al. [39] found a higher loss rate for implants placed in
osseo(-myo)cutaneous flaps, mainly fibular flaps. In a meta-analysis by Shugaa-Addin
et al. [15], consideration was given to whether the implants had been placed in osseous
grafts or microvascularly anastomosed osseo(-myo)cutaneous flaps. Although implants
placed into the bone-grafted sites were generally considered to have a poorer prognosis,
differences were also found in the prognostically better assessed microvascular anasto-
mosed osseous or osteo(-myo)cutaneous flaps depending on the flap type. In the present
study, no relevant difference was found regarding the implant survival related to grafts.
However, the analysis made no differentiation between the different graft types. Contrary
to what is stated in the literature, no generally increased RL of implants placed in the
grafted bone was observed. In this context, it is interesting to note that the presence of
intraoral defects did have an influence on the risk of implant loss. A 9-fold higher RL was
found for the implants placed in patients with intraoral defects than in patients without
intraoral defects. The explanations for this are manifold. Due to the variety of anatomical
changes and the comparatively small cohort, a dedicated subdivision of the defect situation
in the regression analysis was not performed. From a clinical point of view, however, it is
understandable that the anatomical changes (e.g., in the case of a defect in the jaw angle
with consequent tongue adherence and restricted mouth opening) make both implant
placement and follow-up more difficult. These patients usually develop peri-implantitis,
which is difficult to manage even with regular professional support.

Regular nicotine consumption is commonly considered to increase the risk of implant
loss even in non-irradiated patients [40,41]. Experimental studies have shown that nicotine
promotes the production of inflammatory cytokines, such as interleukin 6 or tumor necrosis
factor α, by osteoblasts. Similarly, smokers were also found to have increased levels of
proinflammatory cytokines in the peri-implant sulcus fluid. It was therefore concluded
that nicotine and the chemicals contained in tobacco smoke may induce oxidative stress in
both peri-implant soft and hard tissues. This can lead to an exaggerated immune response
and progressive bone or implant loss [40,41]. Doll et al. [33] reported lower implant loss in
irradiated and nonsmoking patients than in smokers. Clinically, most patients suffering
from late implant failure showed signs of peri-implantitis, and an increased risk was also
found for smokers in this study; however, it was less predictive than, for example, the
presence of intraoral defects.

With regard to the SFR, a negative effect was observed according to the hazard ratio,
i.e., greater amounts of saliva increased the risk of implant loss. The question arises here as
to whether this apparent correlation does not mask other causalities. For example, patients
are provided with implants despite good salivary flow, even if pronounced anatomical
changes or a maximally reduced bone volume is present. These two factors also represent
unfavorable conditions independent of the actual SFR. In view of the cohort size and
the resulting limited significance of the results, the significance of this observation must
therefore also be rated as limited.

The same approach is applicable to simultaneous chemotherapy. Currently, not many
studies are available that investigate the influence of chemotherapy on implant survival.
Ch’ng et al. [39] and Kovács [42] reported no relevant influence. In this context, the
question arises whether chemotherapy acts as a surrogate factor for a higher UICC stage
and, therefore, for a comparatively larger number of more difficult and often complication-
prone implant-prosthetic rehabilitations.

Finally, the study’s limitations must be discussed critically. First, the validity of the
selected start and end points for implant survival analysis must be critically questioned.
The success, survival, and failure of implants have been described and defined on the basis
of various variables [8]. Many studies have defined the starting point as the beginning of
functional loading. In our study, we defined the implant survival period from the time of
implant placement until the removal of the implant.
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As previously described, patients with post-TT in the head and neck region represent
a very special patient population. Dental treatment measures should be seen as part of the
supportive therapy and, therefore, should be subordinated to the overall prognosis and
general condition of the patient. Despite all advances in oncology treatment, the survival
rate of patients is sometimes less than 50% after 5 years. Thus, in this patient population, it
seems reasonable to look for adapted evaluation standards for implant success.

Based on clinical experience, implant planning, and placement, as well as follow-up in
tumor patients often cannot be performed with the precision and under the standardization
that is required in current implant studies. Often, despite the fabrication of surgical guides
and preoperative determination of implant length and diameter, operators intraoperatively
deviate from the original planning due to clinical bone and/or soft-tissue conditions.
After healing and implant uncovering, soft-tissue interventions often follow, especially
in cases with tongue margin and oral floor defects. In these cases, uncovered implants
serve as anchoring elements for the fixation of bandage or expansion plates (e.g., in case of
scar traction in the area of the lips). These are yet to represent the definitive form of the
prosthesis but still represent a load due to the anchoring on the implants. In some cases,
temporary prostheses that support the surgical soft-tissue corrections are incorporated for
quite a few months. Patients often perceive this simple, temporary solution as an enormous,
subjective progress. Since it is difficult to decide in such cases when the implant can be
considered as finally loaded, we decided to use the insertion time as the starting point for
the survival analysis for all implants. Another aspect that was decisive in this context is
the risk of ORN. Every implant placement carries the risk of bone infection, which means
that every attempt at implant placement could be considered an additional risk factor for
the development of ORN. This must, of course, be considered in the overall context of
irradiated patients.

Due to the large number of variables included in the analysis, the comparatively
small patient cohort, the varying observation periods, and the partially retrospective data
collection on the basis of disease documentation, the results of the current study have to be
interpreted critically. Future prospective multicenter studies with larger patient cohorts are
necessary to validate the conclusions presented.

5. Conclusions

Due to the comparatively low number of patients, varying findings, and fluctuating
observation periods, the following tendencies can be highlighted.

Implants have a higher survival probability than teeth after TT. In patients who
experience progressive tooth decay within a short time after the end of TT despite regular
conservative follow-up, implant-supported restorations should be considered in preference
to tooth-supported restorations.

Author Contributions: Conceptualization, R.S. and J.H.; data curation, R.S.; formal analysis, R.S.,
T.K., A.W. and J.H.; investigation, R.S., W.R. and J.H.; methodology, R.S.; project administration, R.S.
and J.H.; Software, R.S. and A.W.; Writing—original draft, R.S. and J.H.; Writing—review & editing,
W.R., P.J., T.K. and A.W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocols were approved by the medical faculty’s
ethics committee at the Martin Luther University Halle-Wittenberg (Nos. 2017-62 and 2018-130) and
conducted in accordance with the Declaration of Helsinki on Ethical Principles for Medical Research.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to privacy restrictions.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2022, 11, 6319 10 of 11

References
1. Marker, P.; Siemssen, S.J.; Bastholt, L. Osseointegrated implants for prosthetic rehabilitation after treatment of cancer of the oral

cavity. Acta Oncol. 1997, 36, 37–40. [CrossRef] [PubMed]
2. Epstein, J.B.; Thariat, J.; Bensadoun, R.J.; Barasch, A.; Murphy, B.A.; Kolnick, L.; Popplewell, L.; Maghami, E. Oral complications

of cancer and cancer therapy: From cancer treatment to survivorship. CA A Cancer J. Clin. 2012, 62, 400–422. [CrossRef] [PubMed]
3. Abed, H.; Reilly, D.; Burke, M.; Daly, B. Patients with head and neck cancers’ oral health knowledge, oral health-related quality of

life, oral health status, and adherence to advice on discharge to primary dental care: A prospective observational study. Spéc. Care
Dent. 2019, 39, 593–602. [CrossRef] [PubMed]

4. Schweyen, R.; Hey, J.; Fränzel, W.; Vordermark, D.; Hildebrandt, G.; Kuhnt, T. Radiation related caries: Etiology and possible
preventive strategies. What should the radiotherapist know? Strahlenther. Onkol. 2012, 188, 21–28. [CrossRef] [PubMed]

5. Hey, J.; Seidel, J.; Schweyen, R.; Paelecke-Habermann, Y.; Vordermark, D.; Gernhardt, C.R.; Kuhnt, T. The influence of parotid
gland sparing on radiation damages of dental hard tissues. Clin. Oral Investig. 2013, 17, 1619–1625. [CrossRef]

6. Jansma, J.; Vissink, A.; Spijkervet, F.K.; Roodenburg, J.L.; Panders, A.K.; Vermey, A.; Szabó, B.G.; Johannes’S-Gravenmade, E.
Protocol for the prevention and treatment of oral sequelae resulting from head and neck radiation therapy. Cancer 1992, 70,
2171–2180. [CrossRef]

7. Sammartino, G.; Marenzi, G.; Cioffi, I.; Teté, S.; Mortellaro, C. Implant therapy in irradiated patients. J. Craniofacial Surg. 2011, 22,
443–445. [CrossRef]

8. Misch, C.E.; Perel, M.L.; Wang, H.L.; Sammartino, G.; Galindo-Moreno, P.; Trisi, P.; Steigmann, M.; Rebaudi, A.; Palti, A.; Pikos,
M.A.; et al. Implant success, survival, and failure: The International Congress of Oral Implantologists (ICOI) Pisa Consensus
Conference. Implant Dent. 2008, 17, 5–15. [CrossRef]

9. Smeets, R.; Stadlinger, B.; Schwarz, F.; Beck-Broichsitter, B.; Jung, O.; Precht, C.; Kloss, F.; Gröbe, A.; Heiland, M.; Ebker, T. Impact
of Dental Implant Surface Modifications on Osseointegration. BioMed Res. Int. 2016, 2016, 6285620. [CrossRef]

10. Giudice, A.; Bennardo, F.; Antonelli, A.; Barone, S.; Wagner, F.; Fortunato, L.; Traxler, H. Influence of clinician’s skill on primary
implant stability with conventional and piezoelectric preparation techniques: An ex-vivo study. J. Biol. Regul. Homeost. Agents
2020, 34, 739–745.

11. Attanasio, F.; Antonelli, A.; Brancaccio, Y.; Averta, F.; Figliuzzi, M.M.; Fortunato, L.; Giudice, A. Primary Stability of Three
Different Osteotomy Techniques in Medullary Bone: An in Vitro Study. Dent. J. 2020, 21, 21. [CrossRef] [PubMed]

12. Wolf, F.; Spoerl, S.; Gottsauner, M.; Klingelhöffer, C.; Spanier, G.; Kolbeck, C.; Reichert, T.E.; Hautmann, M.G.; Ettl, T. Significance
of site-specific radiation dose and technique for success of implant-based prosthetic rehabilitation in irradiated head and neck
cancer patients-A cohort study. Clin. Implant Dent. Relat. Res. 2021, 23, 444–455. [CrossRef] [PubMed]

13. Yerit, K.C.; Posch, M.; Seemann, M.; Hainich, S.; Dörtbudak, O.; Turhani, D.; Ozyuvaci, H.; Watzinger, F.; Ewers, R. Implant
survival in mandibles of irradiated oral cancer patients. Clin. Oral Implant. Res. 2006, 17, 337–344. [CrossRef] [PubMed]

14. Chávez, E.M.; Wong, L.M.; Subar, P.; Young, D.A.; Wong, A. Dental care for geriatric and special needs populations. Dent. Clin. N.
Am. 2018, 62, 245–267. [CrossRef]

15. Shugaa-Addin, B.; Al-Shamiri, H.M.; Al-Maweri, S.; Tarakji, B. The effect of radiotherapy on of dental implants in head and neck
cancer patients. J. Clin. Exp. Dent. 2016, 8, 194–200. [CrossRef]

16. Schweyen, R.; Reich, W.; Vordermark, D.; Kuhnt, T.; Wienke, A.; Hey, J. Factors Influencing the Survival Rate of Teeth and
Implants in Patients after Tumor Therapy to the Head and Neck Region—Part 1: Tooth Survival. J. Clin. Med. 2022, 11, 6222.
[CrossRef]

17. Grötz, K.A. Zahnärztliche Betreuung von Patienten mit tumortherapeutischer Kopf-Hals- Bestrahlung. Dtsch Zahnarztl Z 2002, 57,
509–511.

18. Kuhnt, T.; Stang, A.; Wienke, A.; Vordermark, D.; Schweyen, R.; Hey, J. Potential risk factors for jaw osteoradionecrosis after
radiotherapy for head and neck cancer. Radiat. Oncol. 2016, 11, 101. [CrossRef] [PubMed]

19. Sulaiman, F.; Huryn, J.M.; Zlotolow, I.M. Dental extractions in the irradiated head and neck patient: A retrospective analysis
of Memorial Sloan-Kettering Cancer Center protocols, criteria, and end results. J. Oral Maxillofac. Surg. 2003, 61, 1123–1131.
[CrossRef]

20. Witter, D.J.; van Palenstein Helderman, W.H.; Creugers, N.H.; Käyser, A.F. The shortened dental arch concept and its implications
for oral health care. Community Dent. Oral Epidemiol. 1999, 27, 249–258. [CrossRef]

21. Epstein, J.B.; Chin, E.A.; Jacobson, J.J.; Rishiraj, B.; Le, N. The relationships among fluoride, cariogenic oral flora, and salivary
flow rate during radiation therapy. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontology 1998, 86, 286–292. [CrossRef]

22. Bacher, H.; Schweyen, R.; Kuhnt, T.; Leplow, B.; Hey, J. Use of a patient information leaflet on oro-dental care during radiotherapy.
Patient Prefer. Adherence 2020, 14, 1751–1759. [CrossRef] [PubMed]

23. Kielbassa, A.M.; Hinkelbein, W.; Hellwig, E.; Meyer-Luckel, H. Radiation-related damage to dentition. Lancet Oncol. 2006, 7,
326–335. [CrossRef]

24. Grötz, K.A.; Riesenbeck, D.; Brahm, R.; Seegenschmiedt, M.H.; al-Nawas, B.; Dörr, W.; Kutzner, J.; Willich, N.; Thelen, M.; Wagner,
W. Chronic radiation effects on dental hard tissue (radiation caries). Classification and therapeutic strategies. Strahlenther. Onkol.
2001, 177, 96–104. [CrossRef] [PubMed]

http://doi.org/10.3109/02841869709100729
http://www.ncbi.nlm.nih.gov/pubmed/9090963
http://doi.org/10.3322/caac.21157
http://www.ncbi.nlm.nih.gov/pubmed/22972543
http://doi.org/10.1111/scd.12418
http://www.ncbi.nlm.nih.gov/pubmed/31490570
http://doi.org/10.1007/s00066-011-0011-1
http://www.ncbi.nlm.nih.gov/pubmed/22189435
http://doi.org/10.1007/s00784-012-0854-6
http://doi.org/10.1002/1097-0142(19921015)70:8&lt;2171::AID-CNCR2820700827&gt;3.0.CO;2-S
http://doi.org/10.1097/SCS.0b013e318207b59b
http://doi.org/10.1097/ID.0b013e3181676059
http://doi.org/10.1155/2016/6285620
http://doi.org/10.3390/dj8010021
http://www.ncbi.nlm.nih.gov/pubmed/32098046
http://doi.org/10.1111/cid.13005
http://www.ncbi.nlm.nih.gov/pubmed/33949108
http://doi.org/10.1111/j.1600-0501.2005.01160.x
http://www.ncbi.nlm.nih.gov/pubmed/16672031
http://doi.org/10.1016/j.cden.2017.11.005
http://doi.org/10.4317/jced.52346
http://doi.org/10.3390/jcm11206222
http://doi.org/10.1186/s13014-016-0679-6
http://www.ncbi.nlm.nih.gov/pubmed/27473433
http://doi.org/10.1016/S0278-2391(03)00669-4
http://doi.org/10.1111/j.1600-0528.1999.tb02018.x
http://doi.org/10.1016/S1079-2104(98)90173-1
http://doi.org/10.2147/PPA.S262471
http://www.ncbi.nlm.nih.gov/pubmed/33061317
http://doi.org/10.1016/S1470-2045(06)70658-1
http://doi.org/10.1007/PL00002390
http://www.ncbi.nlm.nih.gov/pubmed/11233841


J. Clin. Med. 2022, 11, 6319 11 of 11

25. Asikainen, P.; Klemetti, E.; Kotilainen, R.; Vuillemin, T.; Sutter, F.; Voipio, H.M.; Kullaa, A. Osseointegration of dental implants
in bone irradiated with 40, 50 or 60 gy doses. An experimental study with beagle dogs. Clin. Oral Implant. Res. 1998, 9, 20–25.
[CrossRef] [PubMed]

26. Nicoletti, G.; Soutar, D.S.; Jackson, M.S.; Wrench, A.A.; Robertson, G. Chewing and swallowing after surgical treatment for oral
cancer: Functional evaluation in 196 selected cases. Plast. Reconstr. Surg. 2004, 114, 329–338. [CrossRef] [PubMed]

27. Burlage, F.R.; Coppes, R.P.; Meertens, H.; Stokman, M.A.; Vissink, A. Parotid and submandibular/sublingual salivary flow during
high dose radiotherapy. Radiother. Oncol. 2001, 61, 271–274. [CrossRef]

28. Dawes, C. Physiological factors affecting salivary flow rate, oral sugar clearance, and the sensation of dry mouth in man. J. Dent.
Res. 1987, 66, 648–653. [CrossRef]

29. Hey, J.; Setz, J.; Gerlach, R.; Janich, M.; Hildebrandt, G.; Vordermark, D.; Gernhardt, C.R.; Kuhnt, T. Parotid gland-recovery
after radiotherapy in the head and neck region–36 months follow-up of a prospective clinical study. Radiat. Oncol. 2011, 6, 125.
[CrossRef]

30. Wei, L.J.; Lin, D.J.; Weissfeld, L. Regression analysis of multivariate incomplete failure time data by modeling marginal distribu-
tions. J. Am. Stat. Assoc. 1989, 84, 1065–1073. [CrossRef]

31. Howe, M.S.; Keys, W.; Richards, D. Long-term (10-year) dental implant survival: A systematic review and sensitivity meta-
analysis. J. Dent. 2019, 84, 9–21. [CrossRef] [PubMed]

32. Curi, M.M.; Condezo, A.F.B.; Ribeiro, K.D.C.B.; Cardoso, C.L. Long-term success of dental implants in patients with head and
neck cancer after radiation therapy. Int. J. Oral Maxillofac. Surg. 2018, 47, 783–788. [CrossRef] [PubMed]

33. Doll, C.; Nack, C.; Raguse, J.D.; Stricker, A.; Duttenhoefer, F.; Nelson, K.; Nahles, S. Survival analysis of dental implants and
implant-retained prostheses in oral cancer patients up to 20 years. Clin. Oral Investig. 2015, 19, 1347–1352. [CrossRef] [PubMed]

34. Zen Filho, E.V.; Tolentino Ede, S.; Santos, P.S. Viability of dental implants in head and neck irradiated patients: A systematic
review. Head Neck 2016, 38, 2229–2240. [CrossRef] [PubMed]

35. Gupta, A.; Epstein, J.B.; Sroussi, H. Hyposalivation in elderly patients. J. Can. Dent. Assoc. 2006, 72, 841–846.
36. Muñoz-González, C.; Vandenberghe-Descamps, M.; Feron, G.; Canon, F.; Labouré, H.; Sulmont- Rossé, C. Association between

salivary hypofunction and food consumption in the elderlies. A systematic literature review. J. Nutr. Health Aging 2018, 22,
407–419. [CrossRef]

37. Ettl, T.; Weindler, J.; Gosau, M.; Müller, S.; Hautmann, M.; Zeman, F.; Koller, M.; Papavasileiou, D.; Bürgers, R.; Driemel, O.;
et al. Impact of radiotherapy on implant-based prosthetic rehabilitation in patients with head and neck cancer: A prospective
observational study on implant survival and quality of life-Preliminary results. J. Cranio-Maxillofac. Surg. 2016, 44, 1453–1462.
[CrossRef] [PubMed]

38. Di Carlo, S.; De Angelis, F.; Ciolfi, A.; Quarato, A.; Piccoli, L.; Pompa, G.; Brauner, E. Timing for implant placement in patients
treated with radiotherapy of head and neck. Clin. Ter. 2019, 170, e345–e351.

39. Ch’ng, S.; Skoracki, R.J.; Selber, J.C.; Yu, P.; Martin, J.W.; Hofstede, T.M.; Chambers, M.S.; Liu, J.; Hanasono, M.M. Osseointegrated
implant-based dental rehabilitation in head and neck reconstruction patients. Head Neck 2016, 38 (Suppl. 1), E321–E327. [CrossRef]

40. ArRejaie, A.S.; Al-Aali, K.A.; Alrabiah, M.; Vohra, F.; Mokeem, S.A.; Basunbul, G.; Alrahlah, A.; Abduljabbar, T. Proinflammatory
cytokine levels and peri-implant parameters among cigarette smokers, individuals vaping electronic cigarettes, and non-smokers.
J. Periodontol. 2019, 90, 367–374. [CrossRef]

41. Javed, F.; Rahman, I.; Romanos, G.E. Tobacco-product usage as a risk factor for dental implants. Periodontol. 2000 2019, 81, 48–56.
[CrossRef] [PubMed]

42. Kovács, A.F. Influence of chemotherapy on endosteal implant survival and success in oral cancer patients. Int. J. Oral Maxillofac.
Surg. 2001, 30, 144–147. [CrossRef] [PubMed]

http://doi.org/10.1034/j.1600-0501.1998.090103.x
http://www.ncbi.nlm.nih.gov/pubmed/9590941
http://doi.org/10.1097/01.PRS.0000131872.90767.50
http://www.ncbi.nlm.nih.gov/pubmed/15277796
http://doi.org/10.1016/S0167-8140(01)00427-3
http://doi.org/10.1177/00220345870660S107
http://doi.org/10.1186/1748-717X-6-125
http://doi.org/10.1080/01621459.1989.10478873
http://doi.org/10.1016/j.jdent.2019.03.008
http://www.ncbi.nlm.nih.gov/pubmed/30904559
http://doi.org/10.1016/j.ijom.2018.01.012
http://www.ncbi.nlm.nih.gov/pubmed/29426738
http://doi.org/10.1007/s00784-014-1359-2
http://www.ncbi.nlm.nih.gov/pubmed/25416636
http://doi.org/10.1002/hed.24098
http://www.ncbi.nlm.nih.gov/pubmed/25926008
http://doi.org/10.1007/s12603-017-0960-x
http://doi.org/10.1016/j.jcms.2016.07.016
http://www.ncbi.nlm.nih.gov/pubmed/27519660
http://doi.org/10.1002/hed.23993
http://doi.org/10.1002/JPER.18-0045
http://doi.org/10.1111/prd.12282
http://www.ncbi.nlm.nih.gov/pubmed/31407428
http://doi.org/10.1054/ijom.2000.0023
http://www.ncbi.nlm.nih.gov/pubmed/11405450

	Introduction 
	Materials and Methods 
	Tumor Therapy 
	Dental Treatment in Relation to Radiotherapy 
	Dental Treatment after TT 
	Data Collection 
	Statistical Analysis 

	Results 
	Characterization of the Study Cohort 
	Survival of Teeth and Implants after TT 
	Factors Influencing Implant Survival 

	Discussion 
	Conclusions 
	References

