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Abstract
Objectives This study aimed to evaluate the influence of vestibuloplasty on the clinical success and survival of dental 
implants in head and neck tumor patients.
Materials and methods A retrospective single-center study was conducted. All patients received surgical therapy of a tumor in 
the head or neck and underwent surgical therapy and, if necessary, radiotherapy/radiochemotherapy. Patients with compromised 
soft tissue conditions received vestibuloplasty using a split thickness skin graft and an implant-retained splint. Implant survival 
and success and the influence of vestibuloplasty, gender, radiotherapy, and localizations were evaluated.
Results A total of 247 dental implants in 49 patients (18 women and 31 men; mean age of 63.6 years) were evaluated. During 
the observation period, 6 implants were lost. The cumulative survival rate was 99.1% after 1 year and 3 years and 93.1% 
after 5 years for patients without vestibuloplasty, compared to a survival and success rate of 100% after 5 years in patients 
with vestibuloplasty. Additionally, patients with vestibuloplasty showed significantly lower peri-implant bone resorption 
rates after 5 years (mesial: p = 0.003; distal: p = 0.001).
Conclusion This study demonstrates a high cumulative survival and success rate of dental implants after 5 years in head and 
neck tumor patients, irrespective of irradiation. Patients with vestibuloplasty showed a significantly higher rate of implant 
survival and significantly lower peri-implant bone resorption after 5 years.
Clinical relevance Vestibuloplasty should always be considered and applied if required by the anatomical situations to achieve 
high implant survival/success rates in head and neck tumor patients.

Keywords Oral cancer · Prosthetic rehabilitation · Dental implants · Irradiated patients · Dental implant success · Dental 
implant survival

Introduction

Functional peri-implant soft tissue is highly relevant 
for longevity and aesthetical outcomes in dental 
implantology  [1–3]. Additionally, the attached gingiva 
surrounding an implant and abutment provides additional 
protection against mechanical trauma, even in compromised 
patients [4, 5]. Despite the similarities, the anatomy of soft 
tissue around dental implants differs from that around healthy 
teeth and can therefore lead to complications that affect 
implant survival [6]. Therefore, various procedures exist for 
increasing the peri-implant attached keratinized gingiva, such 
as the apically positioned flap [7] and the pedicle lingual or 
buccal flap with epithelial regeneration [8, 9]. Such soft tissue 
grafting procedures result in favorable peri-implant health, 
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gain of keratinized mucosa, high marginal bone levels, and 
improved bleeding indices [10]. Another option for enhancing 
peri-implant attached mucosa levels is vestibuloplasty (VP), 
mostly performed with free palatal gingiva grafts [11, 12]. 
Unfortunately, shrinkage in the vertical and horizontal 
direction of mucosa grafts is a common problem and often 
limits the long-term result of VP [1]. Split-thickness palatal 
mucosa grafts are often inadequate as an alternative, due of 
their limited size. In contrast to dental implants in healthy 
patients, little is known about peri-implant soft tissue 
management in head and neck tumor patients, despite the 
need for optimal soft tissue conditions and a stable denture-
bearing area due to the altered anatomy after tumor resection 
and reconstruction in the head and neck. New insights on 
peri-implant tissues and their ideal management in healthy 
patients highlight the importance of soft tissue management 
in patients after ablative tumor resection—especially if osseous 
reconstruction of the jaw is required [13]. However, to date, 
there is a lack of data with long-term results or a valid number 
of patients [14].

In 2009, Heberer and Nelson developed a gentle and 
satisfactory surgical method for patients with severely 
compromised situations after ablative tumor therapy in the 
head and neck, in which the shrinkage of a split skin graft was 
reduced while the created denture-bearing area remained stable 
[5]. The described VP provides a reliable procedure in the 
course of preprosthetic preparations that leads to an acceptably 
deepened vestibulum and a decrease in muscle pull [5]. To this 
day, to the best of the authors’ knowledge, no sufficient data exist 
on long-term dental implant survival and success in head and 
neck tumor patients with emphasis on pre-prosthetic VP, effects 
on the peri-implant tissue, and influences on clinical outcome.

This study aimed to evaluate the long-term survival and 
success of dental implants and their clinical parameters 
in patients after ablative tumor surgery of the oral cavity 
and VP. Additionally, the influence of irradiation, the 
localization of the implant, gender, and age was examined.

Methods

Study design

This retrospective single-center study was performed 
at the Department of Oral and Maxillofacial Surgery, 
Charité—Universitätsmedizin Berlin to evaluate the impact 
of preprosthetic VP on the survival and success of dental 
implants as well as on clinical parameters in head and neck 
tumor patients after therapy. The study protocol was designed 
in accordance with the Helsinki Declaration of 1964 as 
revised in 2013 and approved by the ethics committee of 
Charité—Universitätsmedizin Berlin (EA4/064/18).

Patients

Inclusion criteria were the surgical treatment of a tumor in the 
head and neck, radiation/radiochemotherapy if required, and 
dental implant insertion no sooner than 6 months after surgery 
and/or radiotherapy. Patients with considerably compromised 
general health conditions, such as immunocompromisation 
(e.g., due to autoimmune disease, HIV infection, or cortisone 
treatment), were not included in this study. Irradiated patients 
were only included in the case of absolute nicotine abstinence, 
while non-irradiated patients were included if they belonged 
to the “very light daily smoker” group with an average usage 
rate of 1–5 cigarettes per day [15].

Surgical treatment

All implants were placed based on the protocol given by the 
manufacturer, Camlog Root-Line (Camlog Biotechnologies 
AG, Basel, Switzerland). All implants were placed 
epicrestally, under local anesthesia (Ultracain D-S forte 
1:100.000). The healing time for implants was 2 months 
when placed in the mandible and 3 months when placed in 
the maxilla. No distinction was made between irradiated 
and non-irradiated patients. All patients received an oral 
antibiotic regimen of amoxicillin/clavulanic acid at a dosage 
of 875/125 mg every 12 hours for 1 day preoperatively and 
4 days postoperatively. In patients with penicillin intolerance, 
clindamycin was given 3 times per day for the same period. If 
required, peri-implant soft tissue conditions were improved 
with a split skin graft according to the method described 
by Heberer and Nelson (Fig. 1) [5]. VP was indicated if 
the attached keratinized gingiva around implants was less 
than 1 mm in size or after microvascular reconstructive 
therapies had been performed on patients. Patients without 
microvascular reconstruction and/or attached keratinized 
gingiva around implants higher than 1 mm received no VP.

Clinical evaluation

All patients underwent standardized routine clinical eval-
uation after implant insertion and prosthetic restoration, 
with a follow-up every 3 months within the first year and 
every 12 months subsequently [16]. During follow-up 
examinations, peri-implant bone level, modified bleed-
ing index (mBI), modified plaque index (mPI) [17, 18], 
attached keratinized gingiva (AG), and pocket depth (PD) 
were measured. Mesial and distal peri-implant bone level 
changes were measured using the method described by 
Gomez-Roman et al. [19, 20]. Implant success was evalu-
ated according to the method described by Buser et al. 
[21]. Mean peri-implant bone level ± standard deviation 
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was determined by examining the mesial and distal after 
1, 3, and 5 years. A subdivision was done to distinguish 
between VP (VP +  = VP; VP- = no VP), irradiation 
(R +  = irradiation; R- = non-irradiation), and irradiation 
with or without VP (VP + R +  = irradiation and VP; VP- 
R +  = irradiation without VP). Routine standardized pano-
ramic radiographs (trademark: Planmeca ProMax; type: 
ProMax 3D Max, Pro Face Med Series H23 120 kV) were 
regularly included in follow-up controls after 1, 2, 3, and 
5 years. All patients involved in this study received a den-
tal prophylaxis by trained personnel every 3 months.

Statistics

Relative frequencies, means, and standard deviations were 
calculated for a descriptive analysis of data; furthermore, 
boxplots and Kaplan–Meier plots were created for the 
graphical presentation of the data. Cox regression models 
with a robust estimation of standard errors and a consid-
eration of clustering of the data were used to evaluate the 
influence of different covariates on survival or success. 
Linear mixed models were adopted to evaluate the influ-
ence of several factors on medial and distal loss and clini-
cal tooth parameters such as PD, AG, PI, and BI. Ordered 
mixed logistic regression was used in case of ordinal 
dependent variables. In all subsequent pairwise compari-
sons, Scheffe’s method was applied to correct for multiple 
testing. Calculations were performed using the statistical 
software STATA 17.0 (StataCorp LT, College Station, TX, 
USA). The probability level for statistical significance was 
set at 5% (p = 0.05).

Results

A total of 49 patients (18 women and 31 men) with a mean 
age of 63.6 years (range of 41–88 years) with 247 dental 
implants (89 dental implants in women and 158 in men) 
were enrolled in this study. Eighty-two implants were 
placed in the maxilla and 165 in the mandible. Within 
the observation period, 1 patient (with 8 dental implants; 
observation time of 43.5 months) died. In this case, the last 
clinical evaluation of the patient was included, represent-
ing the end of the observation period. All patients under-
went surgical tumor resection (OSCC n = 39; OPSCC 
n = 7; ameloblastoma n = 1; odontogenic keratocyst n = 1; 
cancer of unknown primary n = 1); in 14 patients, the sur-
gical procedure was followed by additional radiochemo-
therapy, and in 13 patients, radiotherapy was required. 
Radiochemotherapy was conducted over 6 weeks, with a 
dose of up to 50–72 Gy in fractions of 2 Gy for 5 days 
per week. During this time, platinum-based chemotherapy 
(30 mg/m2 of body surface area) was given once weekly 
in weeks 1 and 6. Subsequently, dental implant insertion 
was performed at least 6 months later. VP took place in 31 
patients; all these patients received a VP of the mandible, 
and 6 patients received additional VP of the maxilla. In 
total, 11 patients underwent tumor resection and primary 
reconstruction with a fibula free flap (FFF), where 33 den-
tal implants could be subsequently inserted in the fibula 
flaps. In total, 6 implants were lost in irradiated patients 
with no VP. For all dental implants, the cumulative sur-
vival rate was 99.6% at 1, 2, and 3 years and 97.1% at 
5 years. General dental implant success was 99.6% after 
1, 2, and 3 years and 97.1% after 5 years.

Fig. 1  A Orthopantomogram after implantation of 5 dental implants 
in the bone of the microvascular fibula transplant. B Intraoral situa-
tion after implantation of 5 dental implants, before vestibuloplasty. C 
Preparation of the mucosal flap with further lingual and buccal devel-
opment. D Application of 0.2 mm split thickness skin graft from the 

upper thigh and perforation above the dental implants sutured in posi-
tion. E Relined implant supported temporary prosthetic treatment, 
as a healing splint according to Heberer and Nelson [5]). F Intraoral 
situation 12 months after vestibuloplasty and insertion of the interme-
diate prosthetic restoration
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Gender

All dental implant losses were recorded in men, who showed 
an implant survival rate of 99.4% after 3 years and 95.9% after 
5 years. The dental implant success rate in women was 100% 
for the first 5 years, compared to 99.4% after 1 and 3 years and 
95.6% after 5 years in men. No significant differences were 
found between the genders regarding dental implant survival.

Jaw

The dental implant survival rate was 98.8% for the maxilla 
after 1, 2, 3, and 5 years; for the mandible, it was 100% after 
3 years and 96.3% after 5 years (p = 0.54). Dental implant 
success was 98.8% after 1, 2, 3, and 5 years for the maxilla, 
compared to 100% in the first 3 years and 96.2% after 5 years 
for the mandible.

Radiation therapy

The cumulative implant survival rate in irradiated patients 
was 99.3% at 1, 2, and 3 years and reached 95.7% at 5 years. 
In 22 patients with merely a surgical tumor and no additional 
therapy, a total of 98 dental implants were placed. Among 
these 22 patients, the cumulative implant survival rate 
remained 100% after 1, 2, 3, and 5 years. No significant 
difference appeared (p = 0.985). The same applies for the 
implant success rate, which was 100% after 1, 3, and 5 years in 
non-irradiated patients. The implant success rate in irradiated 
patients was 99.3% after 1, 3, and 5 years.

Vestibuloplasty

Patients with VP received 140 of 247 dental implants and had a 
cumulative implant survival rate of 100% at 1, 2, 3, and 5 years 
(Fig. 2). The cumulative survival rate of implants in patients 
without VP was 99.1% for the first 3 years and 93.1% after 
5 years. The effect of VP on implant survival was statistically 
significant (p < 0.014). Patients with VP had a dental implant 
success rate of 100% after 1, 3, and 5 years. Dental implants in 
patients without VP had a lower success rate of 99.1% after 1 
and 3 years. After 5 years, the success rate decreased to 93.5%.

Clinical parameters

Univariate statistical analysis showed significantly higher mesial 
and distal bone loss in the maxilla compared to the mandible 
(mesial: p = 0.04; distal: p = 0.003). In patients with VP, (distal) 
bone loss was found to be significantly lower (p = 0.001) 
compared to that in patients without VP. Subsequent multivariate 
analysis showed the influence of VP on bone loss after 5 years, 
with significantly lower mesial and distal bone loss in patients 
with VP (mesial: p = 0.003; distal: p = 0.001). The differences in 

bone loss over time in patients with and without VP appeared to 
be statistically significant (mesial: p = 0.0008; distal p < 0.0001). 
Radiation caused a significant change in mesial bone loss after 
3 years (p = 0.04). Peri-implant bone loss was also compared 
between implants placed in native bone (214 dental implants) 
and FFF bone flaps (33 dental implants) after 1, 3, and 5 years. 
The groups showed no significant differences after 1 year, but 
a significantly lower bone loss after 5 years (mesial: p = 0.05; 
distal: p = 0.44) was observed in implants inserted in the FFF. 
Instead of: The groups showed no significant differences after 1 
year, but a significantly lower bone loss after 3 years (mesial and 
distal; p = 0.047) and 5 years (mesial: p = 0.05; distal: p = 0.44) 
was observed in implants inserted in the FFF. The results are 
presented in Table 1, Figs. 3 and 4.

Clinical parameters such as mPi, mBi, PD, and AG were 
measured after 5 years. mPi had a mean of 0.63 ± 0.74 for all 
patients, 0.73 ± 0.73 for patients without VP, and 0.54 ± 0.76 
for patients with VP. Overall, mBi demonstrated a mean of 
0.49 for all patients, 0.54 for patients without VP, and 0.43 
for patients with VP. Mean PD was 2.13 mm for all patients, 
2.35 mm for patients without VP, and 1.99 mm for patients 
with VP. Attached keratinized gingiva had a mean of 2.16 mm 
in all patients, 1.5 mm in patients without VP, and 2.61 mm 
in patients with VP.

Discussion

The peri-implant soft tissue and hard tissue is often 
neglected in head and neck tumor patients despite its well-
known importance and positive effects on implant survival 
and success [2]. Therefore, this study aimed to provide a 
more comprehensive picture of the peri-implant hard and 
soft tissue in patients after tumor therapy in the head and 

Fig. 2  Kaplan–Meier survival analysis for implants with (vestibulo-
plasty=1)  or without vestibuloplasty  (vestibuloplasty=0), according 
to Heberer and Nelson
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neck region, with special attention given to the long-term 
influence of VP.

Factors such as gender have not been found to affect 
implant survival in long-term studies [22, 23], which is in 
line with our findings. However, results for patients with 
additional radiation/radiochemotherapy are inconsist-
ent [22–24]. To date, most studies distinguish between den-
tal implant success and dental implant survival [25] with a 
focus on one or the other [22, 24, 26–28]. The present study 
reveals a 100% rate of both cumulative survival and cumula-
tive success after 5 years for dental implants in patients who 
received VP, with a mean observation period of 58.5 months 

(follow-up continued for up to 105 months). These results 
show a high survival rate for implants, unlike numerous 
other studies with low implant survival rates and comparable 
follow-up periods [22, 29–31]. Laverty et al. demonstrated 
a 95.5% long-term survival of dental implants after 5 years 
[32], which is in line with our findings concerning patients 
without VP (survival rate of 93.1% after 5 years). Our study 
revealed a significantly higher implant survival rate for 
patients with VP. Additionally, patients with VP showed 
significantly lower mesial and distal peri-implant bone loss 
during the observation period, more stable clinical param-
eters (mPi, MBI, and PD), and a greater width of AG around 

Table 1  Mesial and distal peri-
implant bone loss after 1, 3, and 
5 years

R- non-irradiated patients, R +  irradiated patients, VP- patients without vestibuloplasty, VP +  patients with 
vestibuloplasty, VP- R +  irradiated patients without vestibuloplasty, VP + and R +  irradiated patients with 
vestibuloplasty, NB native bone, FB fibula bone

1 year 3 years 5 years

Mesial Distal Mesial Distal Mesial Distal

Mean  ± SD Mean  ± SD Mean  ± SD Mean  ± SD Mean  ± SD Mean  ± SD

Overall 1.1 1.0 1.0 1.0 1.8 1.3 1.7 1.2 2.6 1.6 2.5 1.7
R- 0.9 0.9 0.8 0.9 1.3 1.1 1.3 1.1 2.6 2.0 2.6 1.9
R + 1.2 1.1 1.1 1.0 2.1 1.3 2.0 1.3 2.6 1.4 2.5 1.5
VP- 1.1 1.1 1.0 0.9 1.9 1.5 1.9 1.4 3.1 2.0 3.1 1.9
VP + 1.0 1.0 1.0 1.0 1.7 1.0 1.5 1.1 2.2 1.4 2.1 1.3
VP- R + 1.5 0.7 1.3 1.0 2.5 1.5 2.5 1.5 3.1 1.7 3.1 1.8
VP + R + 1.0 1.0 1.0 0.9 1.7 0.9 1.7 0.9 2.2 1.0 2.1 1.1
NB 1.1 1.0 1.0 1.0 1.7 1.2 1.7 1.1 2.6 1.6 2.6 1.7
FB 1.2 1.0 1.1 0.9 2.3 2.0 2.1 1.9 2.3 1.8 2.3 1.7

Fig. 3  Boxplots representing 
the bone loss. The mesial (left) 
and distal (right) peri-implant 
bone loss after 1, 3, and 5 years 
in patients with (red, VP +) or 
without (blue, VP-) vestibulo-
plasty
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dental implants than patients without VP. Previous studies 
[10, 33, 34] have highlighted the importance of keratinized 
gingiva in peri-implant tissue health [35] and peri-implant 
bone level. The importance of healthy peri-implant soft tis-
sue and stable bone levels in yielding reliable implant suc-
cess/survival rates is evident in patients with complicated 
anatomical conditions who have received tumor therapy. The 
statistically significantly lower peri-implant bone loss after 
5 years in VP patients implies the crucial advantage offered 
by VP in long-term implant survival success.

Since primary or secondary reconstruction of the jaw is 
often required after tumor resection [36], the clinical param-
eters of a dental implant inserted in autologous bone flaps is 
another point of interest. FFF remains the most used bony 
flap for the reconstruction of the jaw, as it offers sufficient 
pedicle length and the option of being segmented to follow 
the shape of the mandible [25, 37–39]. Furthermore, den-
tal implants inserted in the fibula bone have already been 
proven to be reliable for dental rehabilitation in the long 
term [40, 41]. For selected cases of reconstructed mandi-
bles with FFF, Kumar et al. introduced an easy and pre-
dictable method of achieving healthy peri-implant tissues. 
The described technique contains buccal and lingual flaps, 
and an implant placement is done while an interim denture 
is immediately loaded onto the implants. This enables a 
guided epithelium regeneration in the area of the FFF [9]. 
Moreover, proteome analysis revealed that de novo regener-
ated mucosa over the FFF adopts active tissue function and 
resembles oral keratinized mucosa [42]. This could create 
additional possibilities in the future for dental implant treat-
ment in patients after FFF. Since these studies only refer to 

patients with FFF and data on the resultant effect on dental 
implant survival and success is still missing, further research 
is highly welcome.

Previous studies examining peri-implant bone loss in 
microvascular FFF demonstrated bone-level changes of 
0.68–0.71 mm after 3 years [43] and, for non-vascularized 
fibula bone flaps used in edentulous patients, a mean bone 
resorption after 10 years of 1.4 mm both in the mesial and 
the distal [44]. Li et al. examined the marginal bone loss of 
dental implants in patients who received vascularized-free 
flaps and free gingival grafts or apical reposition flaps. A 
marginal bone loss of 0.6 ± 0.4 mm and a probing depth 
of 3.5 ± 0.9 mm occurred, which can be explained by the 
shorter observation period, a lack of information on the 
insertion depth, and the limited number of cancer patients 
included (15.8%) [45]. Oral hygiene is often difficult to 
maintain in tumor patients postoperatively [46]; moreover, 
in cases of irradiation, the peri-implant bone level decreases, 
according to the specific radiation dose in the peri-implant 
area [47, 48]. This might explain the constantly lower 
peri-implant bone loss characterized by inter-individual 
fluctuations.

Unlike comparable long-term studies that found 
significantly lower implant survival rates in irradiated jaws 
[23, 49], our study found no significant differences between 
implant survival and implant success in irradiated and non-
irradiated patients. The results of this study may be explained 
by the effective radiation dosage, which is known to influence 
osseointegration and healing after dental implantation [26, 
48, 50]. Additionally, irradiated patients were only included 
if they could be characterized as non-smokers, while 

Fig. 4  Mesial (left) and distal 
(right) peri-implant bone loss 
after 1, 3, and 5 years in irradi-
ated (red, R +) or non-irradiated 
patients (blue, R-)
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non-irradiated patients were only included if they belonged 
to the category of “very light daily smokers” [15]. Javed et al. 
posited that radiation dosages between 50 and 65 Gy do not 
negatively influence osseointegration [26], which could 
explain our findings. While numerous studies have focused 
on the influence of radiation on dental implant survival, 
only a few published studies on chemotherapy and dental 
implants—most of which are characterized by a low level of 
specificity and a limited number of cases, without a control 
group [51]—exist. Comparing our findings (i.e., an implant 
survival rate of 100% in non-irradiated patients versus 95.7% 
in irradiated patients after 5 years) to these studies, it appears 
that the lower survival rate in irradiated patients is mainly an 
unintended effect of radiation rather than a consequence of 
the adjunctive chemotherapy.

The results of our study indicate the major advantage of VP 
as a pre-prosthetic procedure for patients after surgical ablative 
therapy and (in most cases) radiochemotherapy. Therefore, 
to achieve satisfactory and—most importantly—stable 
peri-implant soft tissue and bone conditions in our patient 
populations, VP should always be considered before prosthetic 
rehabilitation. This is especially true when patients suffer 
from altered intraoral anatomy and a deepened vestibulum 
that features a high-quality level of peri-implant keratinized 
gingiva, and a stable denture-bearing area is required during 
the pre-prosthetic stage.

Conclusion

Dental implant success and survival rates were found to 
be significantly higher in patients with VP. Additionally, 
mesial and distal peri-implant bone loss were significantly 
lower in patients with VP after 5 years. Therefore, VP 
should always be considered and applied if required by 
the anatomical situations of individual patients, in order to 
achieve high implant survival/success rates in head and neck 
tumor patients. Exclusion of irradiated patients who smoke, 
patient education, and a regular recall system seem to be 
indispensable.
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