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Abstract 

In this study, we examined the current situation of the dental implant treatments in patients with 
extensive jaw defects after treatment for various oral and maxillofacial diseases. Additionally, we 
extracted factors related to the loss of dental implants and assessed the recovery of the masticatory 
function of the patients. Forty-three patients with extensive jaw defects who underwent dental 
implant treatments covered by Japanese public health insurance at Dokkyo Medical University 
Hospital were included in this study. The primary diseases of the patients were malignant tumor 
(n=24), benign tumor (n=12), cleft lip and palate (n=3), trauma (n=2), and osteonecrosis (n=2). One 
hundred fourteen dental implants were placed in 43 patients, and 9 dental implants were lost during 
early period of the treatment. The masticatory function in 7 patients with a removable denture on 
dental implants increased significantly from before to after denture placement (p=0.008). The 
masticatory function in 3 patients with fixed prosthesis was similar to that in 3 healthy individuals 
with natural dentition. In univariate analysis, loss of dental implants was higher in patients with 
maxillary dental implants (p=0.025), maxillary cantilever denture retained with implants on existing 
maxillary bone (p=0.032), and patients who received radiotherapy (p=0.034). In multivariate analysis, 
p value of these 3 risk factors did not reach significant level. Despite the complicated surgical 
conditions and limited option of prosthesis in the patients with extensive jaw defects, good outcomes 
were achieved and the dental implant treatments improved their masticatory function. 

Keywords: dental implants; jaw defect; oral and maxillofacial diseases; restoration of masticatory 
function; Japanese public health insurance 
 

1. Introduction 

Extensive jaw defects occur in treatment of patients with oral and maxillofacial diseases such as 
malignant tumor, benign tumor, cleft lip and palate, trauma, medication-related osteonecrosis of the 
jaw, and osteoradionecrosis (ORN). These patients are treated with usual dental prostheses, such as 
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dental bridges, denture, and maxillofacial prosthesis, but may have difficulty with recovery of 
masticatory and swallowing function and esthetic appearance [1]. Functional recovery using dental 
implants is an effective procedure in such patients [2,3]. 

In Japan, treatment with dental implants for functional recovery of jaw defects has been covered 
by Japanese public health insurance since 2012 [4]. Thus, the economic burden has been substantially 
reduced for patients with jaw defects who desire functional recovery using dental implants [5]. The 
survival rate of dental implants in patients with extensive jaw defects is likely to be lower than that 
in patients with a usual dent-alveolar defects due to periodontal disease, dental trauma, and dental 
caries [6]. 

In this study, in order to know the current situation of the dental implant treatments in patients 
with extensive jaw defects after treatment for various oral and maxillofacial diseases in our hospital, 
we investigated the clinical background of those patients and prognosis of the dental implants. 
Additionally, we extracted factors related to the loss of dental implants and assessed the recovery of 
the masticatory function of the patients. 

2. Patients, Materials and Methods 

2.1. Patients 

We examined 43 patients who underwent dental implant treatment that was covered by the 
Japanese public health insurance system at Dokkyo Medical University Hospital between 2012 and 
March 2024. All patients had previously undergone treatment for malignant or benign tumors, cleft 
lip and palate, trauma or ORN. 

2.2. Examined Items 

The following information was retrospectively retrieved from the electronic medical records: the 
patients’ gender, age, primary maxillofacial disease, method of anesthesia for implant surgery, type 
of bone for implant placement (existing bone or grafted bone), number of dental implants, implant 
placement site (maxilla or mandible), type of prosthesis (fixed or removable, cantilever or others), 
prognosis of the dental implants and masticatory function of the patients. 

2.3. Assessment of the Masticatory Function of the Patients After Dental Implant Treatments 

The masticatory function of ten patients who had undergone dental implant treatment and 
agreed to participate in the study was measured quantitatively using gummy jellies [7]. The 
instruction to patients was to chew gummy containing glucose (Glucorum®, GC, Tokyo, Japan) for 
20 seconds, rinse the mouth with 10 mL of water, and spit out the gummy and water into a mesh 
filter. The glucose concentration in the collected filtrate was measured using a glucose-measuring 
device (Gluco Sensor GS-II®, GC, Tokyo, Japan), with a higher concentration indicating a higher 
masticatory function. Seven patients with removable dentures underwent tests three times before 
and after placing the dentures, and 3 patients with fixed prosthesis underwent tests three times. The 
masticatory function of the patients was compared with that of 3 healthy individuals with natural 
dentition. 

2.4. Statistical Analysis 

The survival rates of dental implants for 40 patients who had completed the final prosthesis 
process were analyzed by gender, age (≥75/<75 years), primary disease (malignant tumor/others), 
implant site (maxilla/mandible), type of bone (existing bone/grafted bone), type of prosthesis 
(cantilever/others), and whether or not the patient received radiotherapy by univariate and 
multivariate analyses. A two-sided 95% confidence interval (CI) was estimated using Cox 
proportional hazards models. Differences in masticatory function of the patients from before to after 
denture placement over dental implants were examined by Friedman test. Differences of the 
masticatory function between patients with fixed prosthesis on dental implants and individuals with 
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natural dentition were examined by Mann-Whitney test. All analyses were conducted using IBM 
SPSS ver. 30.0 (IBM SPSS, Inc., Tokyo, Japan) with a significance level of 0.05. 

2.5. Ethics 

The study was approved by Dokkyo Medical University Hospital Ethics Committee (R-72-13J) 
as an opt-out study. No patients or their representatives requested to be excluded from the study. 

3. Results 

3.1. Characteristics of the Patients 

3.1.1. Gender and Age 

The patients comprised 26 males and 17 females aged from 19 to 89 years (mean: 59.8 years, 33 
patients over 75 years and 10 patients under 75 years) at the time of dental implant treatments (Table 
1). 

Table 1. Characteristics of patients. 

    n % 
Gender    

Male  26 60.5 
Female  17 39.5 

Age group    

≥75  33 76.7 
<75  10 23.3 

Background of primary diseases    

Malignant tumor  24  
 Primary site   
 Lower gingiva 13 54.2 
 Upper gingiva 8 33.3 
 Buccal mucosa 1 4.2 
 Oral floor 1 4.2 
 Maxillary sinus  1 4.2 
 Clinical stage   
 Stage I 0 0 
 Stage II 4 16.7 
 Stage III 2 8.3 
 Stage IV a 16 66.7 
 Stage IV b 2 8.3 
 Treatment   
 Partial maxillectomy 7 29.2 
 Subtotal maxillectomy (unilateral subtotal maxillectomy  

+ sphenoid pterygoid process resection) 2 8.3 
 Marginal mandibulectomy 4 16.7 
 Segmental mandibulectomy + titanium plate reconstruction 4 16.7 
 Segmental mandibulectomy + vascularized fibular flap 5 20.8 
 Partial maxillectomy + marginal mandibulectomy 1 4.2 
 Partial maxillectomy + segmental mandibulectomy 

                  + titanium plate reconstruction 
1 4.2 

Benign tumor  12  
 Diagnosis   
 Ameloblastoma 9 75 
 Odontogenic keratocyst 3 25 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 July 2025 doi:10.20944/preprints202507.2173.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.2173.v1
http://creativecommons.org/licenses/by/4.0/


 4 of 10 

 

 Treatment   
 Partial maxillectomy 1 8.3 
 Removal of mandibular tumor 2 16.7 
 Marginal mandibulectomy 5 41.7 
 Segmental mandibulectomy + iliac crest flap 3 25 
 Segmental mandibulectomy + vascularized fibular flap 1 8.3 

Cleft lip and palate  3  

Trauma  2  

Osteoradionecrosis Segmental mandibulectomy ＋ vascularized fibular flap 2   

3.1.2. Background of Primary Deseases of the Patients 

The primary diseases of the patients were malignant tumor (n=24), benign tumor (n=12), cleft lip 
and palate (n=3), trauma (n=2), and ORN (n=2) (Table 1). Malignant tumor included lower gingival 
carcinoma (n=13), upper gingival carcinoma (n=8), buccal mucosa carcinoma (n=1), carcinoma of the 
oral floor (n=1), and maxillary sinus carcinoma (n=1). The clinical stages of malignant tumor were I 
(no cases), II (n=4), III (n=2), IVa (n=16) and IVb (n=2). Benign tumor included ameloblastoma (n=9) 
and odontogenic keratocyst (referred to as keratocystic odontogenic tumor until 2017) (n=3). 

Of the 3 patients with cleft lip and palate, one patient underwent an operation at our hospital 
for cleft lip and palate, and had subsequent placement of dental implants of the grafted iliac 
cancellous bone on the cleft. The second patient underwent an operation for cleft lip and palate at 
another hospital. The third patient underwent an operation for cleft lip and palate and iliac cancellous 
bone graft on the cleft, and an operation for jaw deformity at another hospital. However, in this 
patient, oronasal fistula remained, a titanium plate used for the jaw deformity surgery was exposed, 
and two residual roots in the maxillary teeth were found. 

One patient with trauma had extensive dent-alveolar defects from the maxillary right canine 
tooth to the maxillary left first molar. 

Two patients had ORN developed after chemoradiotherapy for oropharyngeal cancer in the 
Department of Otolaryngology/Head and Neck Surgery. 

3.1.3. Treatment of the Primary Oral and Maxillofacial Diseases 

All patients with malignant tumor were treated in our department except 1 patient with 
maxillary sinus carcinoma. Malignant tumors were treated by partial maxillectomy (n=7), subtotal 
maxillectomy (unilateral subtotal maxillectomy + sphenoid pterygoid process resection) (n=2), 
marginal mandibulectomy (n=4), segmental mandibulectomy + titanium plate reconstruction (n=4), 
segmental mandibulectomy + vascularized fibular flap (n=5), partial maxillectomy + marginal 
mandibulectomy (n=1), and partial maxillectomy + segmental mandibulectomy + titanium plate 
reconstruction (n=1). Radiotherapy was performed before dental implant placement in 3 patients 
with a malignant tumor (lower gingival carcinoma, upper gingival carcinoma, and maxillary sinus 
carcinoma). One patient with maxillary sinus carcinoma underwent chemoradiotherapy in the 
Department of Otorhinolaryngology/Head and Neck Surgery. Radiotherapy was performed after 
dental implant placement in 2 patients with upper gingival carcinoma and buccal mucosa carcinoma, 
respectively. 

Treatment of benign tumors included partial maxillectomy (n=1), removal of mandibular tumor 
(n=2), marginal mandibulectomy (n=5), segmental mandibulectomy + iliac crest flap (n=3) (2 free iliac 
crests and 1 vascularized iliac crest) and segmental mandibulectomy + vascularized fibular flap (n=1). 
Two patients with ORN underwent segmental mandibulectomy + vascularized fibular flap (Table 1). 
  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 July 2025 doi:10.20944/preprints202507.2173.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.2173.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 10 

 

3.2. Dental Implant Treatment 

3.2.1. Anesthesia, Timing of Dental Implant Placement and Bone Grafting 

Anesthesia for placement of dental implants was done under general anesthesia (n=30), 
intravenous sedation (n=2) and local anesthesia (n=11). Of the patients under general anesthesia, 9 
patients underwent surgery for the primary disease and dental implants simultaneously. Dental 
implants were done in the existing bone after resection of the primary maxillary tumor (n=8), or after 
marginal mandibulectomy (n=1). For patients with a tumor (either benign or malignant), the period 
from tumor resection to dental implant placement ranged from the same day to 10 years. 

Eight patients with malignant tumors underwent dental implant placements on the 
reconstructed fibular flap under general anesthesia. These patients received the dental implant 
surgery simultaneously with removal of titanium plates and screws used in reconstruction or 
reduction of the volume of a reconstructed soft tissue flap. One patient underwent free iliac crest 
(block bone) graft 4 years after marginal mandibulectomy, and then received dental implants surgery 
1 years after bone grafting. One patient underwent free gingival graft on the grafted fibular bone 
before dental implant placements. 

Of the patients with benign tumor, 2 patients underwent the iliac cancellous bone grafts and one 
patient underwent free iliac crest (block bone) graft after marginal mandibulectomy and then dental 
implant surgery was performed later. One patient with a benign tumor who underwent partial 
maxillectomy, and he underwent reconstruction with the vascularized fibula flap 2 years after 
maxillectomy, and then dental implant surgery was performed later. Of the patients with trauma, 
one patient with extensive dent-alveolar defects underwent iliac cancellous bone graft, and then 
dental implant surgery was performed later. 

3.2.2. Dental Implant Placement Sites and Number of Implants 

Several types of dental implants (bone level or tissue level) from several manufacturers (Nobel 
Biocare, Zurich, Switzerland; Straumann, Basel, Switzerland; Nippon Piston Ring Co. Ltd., Saitama, 
Japan) were used at the discretion of surgeons. The placement sites and number of dental implants 
(114 in total) were 25 in maxillary anterior tooth sites, 15 in maxillary molar sites, 30 in mandibular 
anterior tooth sites, and 44 in mandibular molar sites (Table 2). Of the dental implants, 20 were placed 
in the grafted fibula of 10 patients and 27 in the grafted iliac bone of 9 patients (16 dental implants on 
block bone, 11 dental implants on cancellous bone) (Table 2). The number of dental implants placed 
ranged from 1 to 5 per patient. 

Table 2. Dental implant sites and number of implants. 

maxilla 
existing bone 

(%) 

grafted bone (%) 
n (%) total 

(%) 
[ fibular 

(%) 
iliac crest 

(%) 
 iliac cancellous bone 

(%)] 
anterior tooth 

site 19 (16.7) 6 (5.3) [ (2) (1.8) (0) (0) (4) (3.5)] 25 (21.9) 

molar site 13 (11.4) 2 (1.8) [ (0) (0) (0) (0) (2) (1.8)]  15 (13.2) 
mandible            

anterior tooth 
site 19 (16.7) 11 (9.6) [ (9) (7.9) (1) (0.9) (1) (0.9)] 30 (26.3) 

molar site 16 (14.0) 28 
(24.6) 

[ (9) (7.9) (15) (13.2) (4) (3.5)] 44 (38.6) 

n (%) 67 (58.8) 47 
(41.2) 

[ (20) (17.5) (16) (14) (11) (9.6)] 
114 

(100） 
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3.2.3. Type of Prosthesis and Outcomes 

Forty of 43 patients completed the final prosthesis with a total of 108 dental implants. Three 
patients did not complete the final prosthesis after dental implant placement: one had poor general 
condition; one had cervical lymph node metastasis after primary surgery; and one died due to tumor 
recurrence. Of the 40 patients with completion of the final prosthesis, 18 had fixed prosthesis (dental 
crown or bridge) and 22 had removable dentures. Implant over denture was retained with a Dolder 
bar (n=1) and with locator abutments (n=21). The follow-up period after completion of final prosthesis 
ranged from 6 months to 78 months. In 1 patient (1 dental implant), a dental implant was lost before 
the final prothesis, and in 6 patients (8 dental implants), 8 dental implants were lost after denture 
placement. In 5 patients (5 dental implants), 5 dental implants were left sleeping due to the condition 
of the implant sites or the soft tissue, although dental implants seemed to have an osteointegration. 

3.2.4. Assessment of Masticatory Function 

In an assessment of masticatory function, the mean glucose level in 7 patients with a removable 
denture increased significantly from before to after denture placement (40.9 vs. 99.4 mg/dL, p=0.008) 
(Figure 1), indicating improved masticatory function. Masticatory function in 3 patients with fixed 
prosthesis (glucose: 170.7 mg/dL) was similar to that in 3 persons with natural dentition (glucose: 199 
mg/dL) (p=0.08). 

 
Figure 1. Results of masticatory function tests. 

The mean glucose level in 7 patients with a removable denture increased significantly from 
before to after denture placement (40.9 vs. 99.4 mg/dL, p=0.008). 

3.3. Prognosis of Dental Implants for Patients with Extensive Jaw Defects After Treatment of Oral and 
Maxillofacial Diseases 

In univariate analysis, loss of dental implants was higher in patients with maxillary dental 
implants (p=0.025), maxillary cantilever denture retained with implants on existing maxillary bone 
(p=0.032), and patients who received radiotherapy (p=0.034) (Table 3). There was no significant 
difference of the prognosis of dental implants on gender, age, primary disease, or type of bone 
(existing or grafted) (Table 3). In multivariate analysis, p value did not reach significant level on 
implant site (maxilla or mandible) (p=0.102), type of prosthesis (maxillary cantilever denture retained 
with implants on existing maxillary bone or others) (p=0.783), and whether or not patients received 
radiotherapy (p=0.084) (Table 3). 
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Table 3. Statistical analysis. 

Risk factors for loss of dental implants 
  Univariate 

analysis       Multivariate 
analysis   

Crude 
HR 

95% CI P-
value 

Adjusted 
HR 

95% CI P-
value 

Gender 3.269 0.598 ― 11.46 0.172 7.479 0.763 ― 18.522 0.071 
Age (≥75/<75 years) 0.245 0.049 ― 1.220 0.086 1.023 0.110 ― 9.520 0.984 

Primary disease (malignant 
tumor/others) 0.246 0.029 ― 2.110 0.201 0.329 0.017 ― 6.468 0.465 

Implant site (maxilla/mandible) 0.085 0.010 ― 0.728 0.025 0.059 0.002 ― 1.755 0.102 
Type of bone (existing bone/grafted 

bone) 4.227 0.499 ― 14.621 0.185 2.219 0.052 ― 9.432 0.677 

Type of prosthesis (cantilever/others) 0.155 0.028 ― 0.850 0.032 1.561 0.066 ― 6.912 0.783 
Whether or not the patient received 

radiotherapy 
0.157 0.028 ― 0.871 0.034 0.040 0.001 ― 1.546 0.084 

4. Discussion 

In this study, we demonstrated that patients with extensive jaw defects after treatment of various 
oral and maxillofacial diseases could be treated with dental implants with good results. The survival 
rate of dental implants was 92%, and masticatory function tests showed functional recovery to close 
to 50% of that in healthy individuals in patients with a removable denture, and to a level similar to 
that of healthy individuals in patients with fixed prosthesis. 

In Japan, dental implant treatments for extensive jaw defects after tumor treatment have been 
covered by public health insurance since 2012. However, only 43 patients underwent dental implant 
treatments at our hospital in the past 12 years, out of an estimated 700 patients who could have been 
treated with insurance-covered implants. Only a few patients want dental implant treatments, 
probably because patients with a malignant tumor have already undergone highly invasive surgery 
and are reluctant to undergo reoperation or may be satisfied with their current masticatory function. 

Oral squamous cell carcinoma, if it recurs, is known to occur mostly within 2 years. [8], we 
believe that postoperative dental implants are best performed 2 years after cancer treatment, when 
the risk of recurrence has decreased. In most patients with dental implants on existing bone after 
maxillectomy, the placement of dental implants was performed on the same day of the primary 
surgery. The survival rate of dental implants in our hospital was 92%, which is higher than those at 
other hospitals reported (81% to 86.3%) [6,9–11]. We left the 5 dental implants sleeping because they 
were covered by thick non-keratinized mucosa. Although dental implants were placed with the 
consideration of the relationship of the opposing teeth, we had difficulty performing prosthesis due 
to the condition of the peri-implant soft tissue. 

Risk factors for loss of dental implants analyzed in 40 patients, including 4 patients at less than 
2 years observation after placement of prostheses. In univariate analysis, implant site 
(maxilla/mandible), type of prosthesis (cantilever/others), and whether or not the patient received 
radiotherapy were identified as significant risk factors, but none of these factors were significant in 
multivariate analysis. Of the 9 lost dental implants, 8 dental implants were in the existing maxillary 
bone and 5 dental implants supported a cantilever prosthesis on a big defect of maxillary bone. The 
reason why no independent risk factors were identified in the multivariate analysis is that only a 
small number of implants were lost (9 in total out of 114 placements), and risk factors extracted in 
univariate analysis might be confounding. Reconstruction using vascularized flap after maxillectomy 
is not usually performed at our hospital, and maxillofacial prosthesis is used for treatment instead. 
When a maxillofacial prosthesis is retained by dental implants on remaining bone after a 
maxillectomy, the available bone volume and site for implant placement are limited. Then, the dental 
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implants on the existing bone need to support a large cantilever maxillofacial prosthesis. Therefore, 
these dental implants may be lost due to overload. 

Of the 3 patients who underwent radiotherapy before dental implants, 2 patients had lost dental 
implants. One of these 2 patients underwent radiotherapy after segmental mandibulectomy for 
cancer treatment. Then, the patient received 2 dental implant placements on both canine regions 2 
years later. After one more year, the patient was suffered ORN, and 1 dental implant was removed 
by the additional segmental mandibulectomy for ORN treatment. This patient lost an implant in 
segmental mandibulectomy, but dental implant on the opposite side were stable. The other patient 
had chemoradiotherapy for a maxillary sinus carcinoma, and subsequently underwent subtotal 
maxillectomy due to ORN. Two dental implants were placed in the existing bone and seemed to be 
osteointegrated in the early period, but 2 implants lost after loading to support a cantilever 
maxillofacial prosthesis. Radiotherapy was performed after dental implants placement in 2 patients. 
The dental implant lost in one patient with upper gingival carcinoma, in whom cervical lymph node 
metastasis occurred after primary surgery and received radiotherapy on the neck. There are many 
reports of low survival rate of dental implant after radiotherapy [12–14]. However, in this study, 
radiotherapy was not extracted as a poor prognostic factor in multivariate analysis. Because the 
patients who underwent or were likely to undergo radiotherapy were intended to be avoided for 
implant placement in this study, careful consideration is required for the effect of radiation on dental 
implants. 

Hessling et al. reported differences in the survival rates of dental implants in existing and grafted 
bones. [15], while Teoh et al. showed no differences between them [16]. Our results also showed no 
significant difference, but further studies are needed. 

There are some limitations in the study. Because this study is a retrospective observational study, 
patient background, clinical experience of oral and maxillofacial surgeons, bone conditions, types of 
dental implants and prosthesis on dental implants were not completely standardized. Thus, it might 
be difficult to extract risk factors on survival rate of dental implants in the selected patients. In this 
pilot study, some patients were observed for only a short period of time (6 months) and only a limited 
number of dental implants in a limited number of patients (114 dental implants, 43 patients) could 
be observed, which may reduce the statistical power of the study. Multicenter prospective studies 
should be conducted to examine the risk factors of implants for patients with extensive jaw defects 
after treatment for oral and maxillofacial diseases. 

5. Conclusions 

Only a limited number of the patients with extensive jaw defects after treatment for oral and 
maxillofacial diseases received dental implant treatments which were covered by Japanese public 
health insurance. Despite the complicated surgical conditions and limited option of prosthesis in 
these patients, good outcomes were achieved and the dental implant treatments improved their 
masticatory function. 
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