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tive surgery has a number of advantages (Schoen et

al. 2001). These advantages include initial implant

healing before irradiation, avoidance of insertion

of implants in a compromised area, earlier pros-

thetic rehabilitation, and limitation of surgical

intervention in irradiated tissue to second stage

surgery (abutment connection).

Sangiacomo reported a technique to reduce the

osteotomy site created by a median mandibuloto-

my with a fixed mandibular implant, but to the

best of our knowledge no reports are available in

the literature combining a mandibulotomy with

the insertion of dental implants in this area

(Sangiacomo et al. 1992). Insertion of dental implants in

the edentulous mandible to provide retention for

prosthodontic constructions has been shown to

improve oral function and is experienced as very

beneficial by patients (Raghoebar et al. 2000).

Introduction

To achieve adequate access for intra-oral or

oropharyngeal tumour ablation a mandibulotomy

can be useful. Because of the wide access a

mandibulotomy affords, this procedure may be

used to approach lesions in various regions in the

oral cavity and oropharynx that otherwise are diffi-

cult to reach (Spiro et al. 1981). Particularly when a

tumour is located in the dorsal part of the floor of

the mouth, the base of the tongue, the pterygo-

mandibular region, the posterior pharyngeal wall

or the deep lobe of the parotid gland this

approach has to be taken into consideration.

In (partially) edentulous patients a mandibulo-

tomy may interfere with the insertion of dental

implants in the ventral part of the mandible during

the same procedure. Especially when post-opera-

tive radiation therapy is or might become indicat-

ed insertion of endosseous implants during abla-
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Primary tumourPatient 
no.

Stage

Table 1. Patient characteristics regarding age, gender, site of primary tumour (all squamous cell carcinoma), staging, 
cumulative radiation dose (RTX dose), type of reconstruction and duration in months of follow-up postsurgically.

49
69
48
52
52

Base of tongue
Oropharynx
Floor of mouth
Base of tongue
Oropharynx 

T3N1 
T3N2b
T4N1
T3N1
T3N0

RTX dose
(Gy)

60
64
64
60 
60

Follow-up
(months)

40
13
30*
22
21

Reconstruction

Free radial forearm flap
Free radial forearm flap
Free radial forearm flap
Free radial forearm flap
Free radial forearm flap

Age

F
M
M
F
M

Gender

* patient lost to follow-up because of death caused by local recurrent tumour growth.



Therefore, the aim of this paper was to develop a

technique enabling simultaneous performance of

a mandibulotomy and insertion of endosseous

implants and to evaluate the treatment outcome

of such a technique.

Materials and Methods

Patients
Five edentulous patients (3 men, 2 women; mean

age 54 years; range 48-69 years) who were sched-

uled for a mandibulotomy to gain access for

removal of a squamous cell carcinoma in the oral

cavity or oropharynx were included in this study

(Table 1). All patients suffered from reduced stabil-

ity and insufficient retention of their lower denture

(Fig. 1A, 1B). The patients were pre-surgical

screened by an experienced prosthodontist who

revealed an indication for insertion of dental

implants because of expected problems with the

prosthetic rehabilitation after oncologic treat-

ment. The mean edentulous period was 15 years

(range 2-30 years). After surgery and obtaining the

final pathology assessments all patients had to be

scheduled for radiation therapy, which was started

within six weeks after surgery (Table 1).
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Fig 1. A 52 years old male patient with a T3N0 squamous cell carcinoma of the right 

oropharynx. The patient also suffered from a reduced stability and insufficient retention 

of the lower denture. Treatment consisted of a wide local excision, including a marginal

resection of the right mandible, a right-sided supraomohyoidal neck dissection and

reconstruction of the surgical defect with a free radial forearm flap. This procedure was 

combined with the insertion of four dental implants in the interforaminal region.

Radiotherapy was started 6 weeks after surgery (cumulative dose, 60 Gy).

1A. Preoperative intra-oral view showing a reduced mandibular height.

1B. Preoperative panoramic radiograph showing a reduced mandibular height.

1C. Intraoperative view just before restoring the continuity of the mandible. The guide pins

are inserted as help for proper alignment of the osteotomy sites.

1D. Intraoperative view after restoring the continuity of the mandible with the prepared 

miniplates and screws. Four implants are inserted. The fixture mounts are still in place.
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Surgical Techniques

Mandibulotomy

A lower lip-splitting incision was performed in the

midline and extended in a vertical direction to a

point beneath the chin, a technique that causes

minimal damage to the nerve and blood supply of

the lip (McGregor & MacDonald 1983; Gooris et al. 1989).

Because of the labiomental fold the inferior exten-

sion of the vertical lip incision was carried around

the chin button in a curved fashion thus partly fol-

lowing this groove, a variation leading up to satis-

factory cosmetic results (McGregor & MacDonald 1983).

The nature and extent of the soft-tissue dissection

varied depending on the location and extension of

the tumour being treated. The intra-oral extension

of the incision crossed the alveolar ridge in the

midline and ran laterally in the floor of the mouth.

This allowed for detachment of the genial and

mylohyoid musculature so that the hemimandible

could be reflected laterally after the submandibular

region had been dissected. The submandibular dis-

section was in continuation with the submandibu-

lar segment of the McFee neck dissection incision.

Subsequently, an incision was made on top of

the alveolar crest. This allowed for reflection of the

mucoperiosteum on the buccal and lingual side of

the ventral part of the mandible. Next the first step

of the implantology procedure was performed (Fig.

2A, for details see the implant surgery section).

After completion of the initial drilling the preferred

osteotomy line was determined and marked on the

ventral part of the mandible with a fissure bur (Fig.

2A). Two osteosyntheses miniplates were adapted

to the jaw, taking into account the position of the

guide pins, and the holes for inserting the most 

lateral osteosynthesis screws were drilled (Fig. 2A).
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1E. Panoramic radiograph 1 month after surgery showing both osteosyntheses and the four

implants. Because of close proximity of the tumour to the bone also a marginal resection

of the right mandible was performed.

1F. Intraoral view 12 months after surgery showing the abutments and suprastructure

installed on the implants.

1G. Mandibular overdenture with three clip attachments.

1H. Panoramic radiograph six months after loading. No peri-implant bone loss was observed.

The osteotomy site is still clearly visible. 
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After removal of the guide pins a stepped

osteotomy of the mandible was performed with a

thin disposable reciprocating saw after which the

hemimandible was reflected laterally to achieve

adequate access for ablative surgery and possibly

reconstructive procedures (Fig. 2B). After tumour

surgery and reconstruction of the surgical defect

applying the prepared miniplates and screws does

fixation of the osteotomized bone, and the second

step of the implantology procedure (for details see

the implant surgery section) was started. The

guide pins used during the implant surgery can be

of help for proper alignment of the osteotomy

sites (Fig. 1C). 

Implant surgery

With the pilot drill of the implant system the, from

a prosthetically point of view, desired number of

holes was drilled at the appropriate location,

depth and angulation, taking the relationship of

the lower and upper jaw into account. An equal

distance between the four implants was pursued

and the most lateral implants were placed at least

five mm medially of the mental foramen. When

four dental implants are indicated, like in all our

patients, the mental foramina have to be identi-

fied to minimise the risk on development of sen-

sory disturbances. Guide pins were used to

enhance adequate alignment and spacing. At this

stage, i.e. preceding the osteotomy, the wider

drills were not yet used. 

Subsequently, i.e. after completion of the

mandibulotomy procedure and fixating the osteo-

tomy site with the osteosynthesis miniplates 

(Fig. 2C), the implant holes were widened using the

appropriate drills. Because before performing the

mandibulotomy only a pilot drill was used minor

misalignments of the fixed osteotomized parts

still can be corrected using the wider drills of the

implant system chosen. After tapping of the holes

the implants were installed into the bone (Fig. 1D,

2D). Finally the cover screws were placed. 

Prosthodontics
After the healing period (6 months after irradia-

tion) and abutment connection, the patients

received a mandibular overdenture retained by a

round bar and clip attachments (Fig. 1F, 1G).

Evaluation
Complications during surgery and the postoperative

healing period (inflammation, wound dehiscence,

sequestration, osteoradionecrosis) as well as loss of

implants were recorded. During radiotherapy 

(2 Gray(Gy)/day, 5 fractions/week, cumulative dose

60-64 Gy) the aspect of the mucosa overlying the

implants was assessed daily by the radiotherapist.

At the scheduled times of evaluation (6 weeks, 

6 months and 12 months post-loading) the plaque

index (Mombelli et al. 1987), bleeding index (Mombelli et al.
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sites of each implant (mesially, labially, distally and

lingually) using a periodontal probe (Merrit-B, 

Hu-Friedy, Chicago, U.S.A.). The mobility was exam-

ined by using the periotest® (Siemens, Bensheim,

Germany). Sensory changes of the skin were exam-

1987) and gingiva index (Sillnes & Löe 1964) were recor-

ded, and a percussion test was performed. 

A high percussion sound scored 0, and a dull per-

cussion sound scored 1. The pocket probing depth

(PPD) was measured after removal of the bar at four
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Fig 2. Schematic drawing of combined implant insertion and mandibulotomy (tumour located

at the right-hand side). The horizontal part of the osteotomy is planned in the body of

the mandible and the caudal vertical osteotomy ventral of the mental foramen and dorsal

of the attachment of the anterior belly of the digastric muscle. The horizontal osteotomy

line has to be parallel to the inferior border of the mandible. Both anterior bellies of the

digastric muscles are in the same segment.

2A. Diagram showing the guide pins needed for

proper alignment and spacing of the implants

to be inserted in the ventral part of the

mandible (the initial drilling for the implant

system chosen has been completed only), and

the temporary adapted miniplates with the

drilled screw holes (the most lateral ones have

been drilled only). The planned osteotomy line

is marked in red.

2B. Diagram showing the situation after comple-

tion of the osteotomy. In this case depicted the

right part of the mandible can be reflected 

laterally.

2C. Diagram showing the restored continuity of the

mandible by applying the prepared miniplates

and screws. If applicable the guide pins can be

replaced before applying the miniplates as a

check for proper alignment of the osteotomy

sites.

2D. Diagram showing the final result after insertion

of the implants and placement of the cover

screws.
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oped in the mucosa overlying the cranial mini-

plate that resolved after removal of the miniplate. 

No adverse mucosal reactions or dehiscences

were observed during the course of radiotherapy.

No cases of osteoradionecrosis had developed

and no implants were lost.

Follow-up 
At the last moment of evaluation yet, all patients

had been followed for at least 12 months after

insertion of the implants (range 12-40 months; 20

implants). One patient was lost to follow-up after

13 months (Table 1). The 16 implants still available

for evaluation were in function and without any

signs of mobility and all patients were fully satis-

fied with their implant-supported prostheses. The

scores reported below all are based on the six

months post-loading data as all patients com-

pleted this evaluation period. In the patients that

were followed for a longer period of time already,

there was no tendency that notable changes had

occurred when comparing to the six months data.

The mean plaque index was 0.8±0.8, no abundant

amount of plaque was found in any patient. The

mean bleeding index was 1.3±0.7; in none of the

patients profuse bleeding after probing was

observed. At most slight inflammation of the gin-

gival was detected; the mean gingival index was

0.1±0.3. The probing depth varied from 1 to 8 mm

(mean 3.3±1.5). A dull sound as a result of the per-

ined by carefully touching the lip and chin regions of

the patient with a cotton pellet in predefined areas. 

Panoramic radiographs were made 6, 12, 18

and 24 months after implant insertion (Fig. 1H).

Peri-implant bone loss was classified according to

a 4-point rating scale: 0=no apparent bone loss;

1=reduction of the bone level not exceeding more

than one third of the implant length; 2=reduction

of the bone level exceeding one third of the

implant length but not exceeding half of the

implant length; and 3=reduction of the bone level

exceeding half of the implant length. 

Results

Surgical procedure
In total 20 dental implants (Brånemark implants,

Nobel Biocare, Göteborg, Sweden) were inserted

in the interforaminal region of the mandible. The

length of the implants was 8x18mm, 8x15mm and

4x10mm. During surgery no complications

occurred with respect to the combination of

implant insertion and mandibulotomy, particular-

ly no contact between the implants and the

osteosynthesis screws was noted. In one patient

unilateral hypoesthesia of the mental nerve was

observed related to a, contemporarily performed,

marginal resection of the mandible. Two weeks

after surgery, in one patient a dehiscence devel-
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cussion test was noted in none of the patients.

The mean Periotest value was –3.5±2.7. A peri-

implant bone loss score of 1 was observed around

2 implants in one patient. No apparent bone loss

was observed around the other 14 implants. On all

panoramic radiographs the osteotomy site

remains clearly visible, probably due to a reduced

healing capacity of the bone after the start of

radiation therapy (Fig. 1H). With exception of the

already mentioned case of unilateral hypoesthesia

of the mental nerve, no other cases of sensory dis-

turbances developed during the follow up. All

patients were satisfied and functioned well with

their prostheses.

Discussion

Successful prosthodontic rehabilitation after sur-

gery of oral and oropharyngeal tumours needs to

start with treatment planning early in the pre-abla-

tive stage and in full co-operation with the other

members of the head and neck oncology team

(Reintsema et al. 1998). An important consideration

that has to be assessed by this team is whether

implants might be of benefit for oral rehabilitation

in the given situation. Particularly when radiother-

apy is or might be indicated putting in the

implants during the ablative surgery could be

advantageous as outlined in the introduction

(Schoen et al. 2001). The risks of interference with or

delay of the oncologic therapy, including radiation

therapy, as well as the development of posttreat-

ment complications caused by the implantation

during ablative surgery are disadvantages but are

assessed to be of minor importance, especially

when compared to implantation after irradiation

(Granstrom et al. 1994). To minimise these risks the use

of two-stage implants is advocated. Another dis-

advantage of this procedure may be the risk that

patients with a poor prognosis possibly will not

benefit from their implants and prosthetic rehabil-

itation due to early tumour recurrence. This disad-

vantage is of minor importance because of the low

(extra) morbidity of this procedure and the fair

change that the patient even may have benefited

from an implant supported prosthetic rehabilita-

tion in case of an early tumour recurrence.

By combining the ablative procedure with the

insertion of dental implants the oncologic treat-

ment is not prolonged, the usual six weeks healing

period after the ablative procedure before the

onset of radiation therapy is used for initial

implant healing.

A stepped osteotomy is preferred because of

preservation of attachment of the genioglossus,

geniohyoid, and the anterior belly of the digastric

muscle to the lingual side of the mandible (Gooris et

al. 1989). Also a stepped osteotomy is preferred

because restoration of the mandibular continuity

can be done accurate and reliable with miniplates
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and monocortical screw fixation. In this way the

screws of the miniplates will not interfere with the

implants.

From this study it is concluded that, when fol-

lowing the technique described, a mandibulotomy

can be combined safely with the insertion of

implants in the ventral part of the edentulous

mandible.
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