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An Experimental and Clinical Study of 
Osseointegrated Implants Penetrating the 

Nasal Cavity and Maxillary Sinus 

P. I. BRANEMARK, MD, PHD,* R. ADELL, DDS,t T. ALBREKTSSON, MD, PHD,~ 
U. LEKHOLM, DDS,s J. LINDSTRijM, MD,” AND B. ROCKLER, DDS” 

Implants were inserted in the upper jaw of three dogs in such a way that 
they penetrated the bone wall of the nasal cavity. The dogs were killed 
one year later, and the hard and soft tissues around the penetrating im- 
plants were analyzed. Radiographic and histologic examinations did not 
show any signs of adverse tissue reaction. The implants were all integrated 
in bone without fibrous tissue formation in the interface. A total of 139 
implants, which pierced the bone of the sinus or nasal cavity, were in- 
serted in the upper jaws of 101 patients. Forty-four sinus- and 47 nasal- 
penetrating implants were observed for five to ten years. The success rates 
were 70% and 72%, respectively. For 25 sinus- and 23 nasal-penetrating 
implants that were observed for two to five years, the success rates were 
88% and 96%, respectively. The implant losses in nearly all clinical cases 
occurred during the first two years of function. 

The edentulous patient, even with well-fitting 
dentures, runs a constant risk of retention problems 
because of successive bone loss. In the lower jaw, 
even in severe cases where the entire alveolar ridge 
is resorbed, the base of the mandible is left and 
provides enough bone tissue for implant anchorage 
without the use of graft procedures. In the upper 
jaw, the result of edentulousness can be a subtotal 
resorption of the alveolar ridge, although, com- 
monly, less severe bone loss is seen. In extreme 
cases of bone resorption in the upper jaw, an au- 
tologous bone graft may be required for adequate 
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functional restoration. Ordinary bone grafts in the 
jaw regions are frequently a failure,’ and the im- 
proved results arrived at the use of the preformed 
bone graft2$3 call for a two-step surgical procedure.4 
Bone grafting should therefore be limited to strictly 
selected cases in which the quality and quantiry of 
remaining bone do not permit lasting integration of 
load-bearing implants. 

As a rule, there is sufficient bone in some areas 
of the upper jaw bone to allow placement of im- 
plants. However, in the immediate regions of the 
nasal cavity and the maxillary sinus, the bone avail- 
able for anchorage may be very thin, and the im- 
plants, when placed, may penetrate the bone wall 
of these natural cavities. Theoretically, such a pen- 
etration may increase the risk of infection, and 
was regarded as a contraindication to the installa- 
tion of endosseous devices by Pedersen et al.s How- 
ever, in evaluating the alternative of bone grafting, 
with its associated problems, it was considered im- 
portant to investigate in an experimental and clin- 
ical study whether the theoretic disadvantages of a 
nasal cavity or maxillary sinus penetration are, in 
fact, realistic. Therefore, the aims of the present 
study were to investigate, in the dog, whether im- 
plants penetrating the bone and mucous membrane 
of the nasal cavity increased the risk of infection or 
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FIGURE 1 (opposite). Technique for insertion of upper jaw implants when there is severe bone resorption and sinus and nasal cavity 
penetration is unavoidable. The technique of implant insertion (u-11) is similar to that used in ordinary cases, with the addition of 
lifting of the mucous membranes with a specially constructed instrument (d). During healing, bone tissue will fill in the space around 
the penetrating part of the implant, and some time after implant insertion, it will be completely anchored in the bone. 

caused any other side effects. and to evaluate, in a 
series of patients, the outcome of maxillary im- 
plants that had penetrated the sinus or nasal cavity. 

Materials and Methods 

EXPERIMENTAL STUDY 

In three dogs, the premolars of the upper jaw 
were extracted and the bone allowed to heal for four 
months. After this healing period, two long, cylin- 
drical, threaded titanium (Ti24) screws were in- 
serted in each side by use of the method described 
by Bratremark et al.’ These implants were deliber- 
ately allowed to penetrate the wall of the nasal 
cavity, One of the dogs also received a bone graft, 
put into position with a long implant penetrating the 
bony wall of the nasal cavity. Additional implants 
were inserted in the upper jaw of the same dogs, 
but these screws did not penetrate the entire thick- 
ness of the bone. The dogs were followed up with 
radiographs and clinical examinations at least once 
monthly to reveal any problems arising from the 
penetrating screws. One year after implant inser- 
tion, the dogs were killed, and specimens of implant 
and jaw bone were checked microradiographically 
and histologically. 

CLINICAL STUDY 

Adell et al.’ reported a clinical series of 371 pa- 
tients, consecutively operated on, who were treated 
according to the osseointegration principle at the 
University of Gothenburg. In 101 patients, implants 
were inserted in the upper jaw in spite of the fact 
that they encroached upon the maxillary sinus or 
the nasal cavity because there was insufficient bone 
in these regions. The material for this study con- 
sisted of 139 such penetrating implants in the 101 
patients followed up for two to ten years. 

The implants were inserted through an incision 
along the crest of the ridge. The position of the 
implants was determined by the topography of the 
remaining jaw bone. After a very careful predrilling 
and tapping of the bone sites under generous saline 
irrigation, the implants, usually four to six. were 

FIGURE 2. Radiographs of two penetrating implants inserted 
in each side of a dog’s maxilla, seen immediately before the 
animal was killed one year after insertion. The implants are 
bone-anchored, and there is no sign of negative tissue reaction 
at the resolution level of the radiograph. 

FIGURE 3. A ground section of one of the implants in a canine 
jaw, showing bone tissue that developed after insertion and now 
covers the part of the implant that previously was situated inside 
the maxillary sinus. 





FIGURE 5. Gr ound sections of a bone-wall-penetrating (lefr) and a nonpenetrating (right) implant. Notice the 
corticaliza ttic 3n of the bone around the inserted screws. 

tendency toward 

FIGURE 6. Two implants that were allowed to penetrate into the 
Histologic specimens from the narrow bone wall show healthy tissue 

maxillary sinus of a dog. Half a year later the dog 
that had adapted itself to the threads of the implant. 

was killed. 
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FIGURE 7. Radiographs of three implants in the left half and 
three in the right half of a canine jaw at one year after insertion 
and bone graft augmentation. No clinical problems were noted. 

inserted in each jaw. A healing time of three to five 
months was always allowed before loading the im- 
plants. During this period they were covered by the 
mucosa. At the end of the healing period, the soft 
tissues over the implant were cut with a punch, the 
cover screw was removed, and the dental bridge 

was connected. Figure 1 shows the technique of 
inserting implants in a resorbed upper jaw where a 
sinus penetration was unavoidable. 

Before surgery, all patients were clinically and 
radiologically examined to exclude the presence of 
sinusitis or other inflammatory diseases in the mu- 
cous membranes lining the sinus or nasal cavity. 
Postoperatively, clinical examinations were per- 
formed eight to ten days and three months after 
implant placement, and two, five, and 12 months 
after the dental bridge was connected. Radiographic 
follow-ups were performed three to four months 
after implant insertion, 12 months after connection 
of the dental bridge, and then annually for up to ten 
years. 

Results 

EXPERIMENTAL STUDY 

The implants remained integrated in the jaw bone 
during the observation period, with persisting sta- 
bility, even though the dogs were allowed to chew 
ordinary food. The abutments attached to the im- 
plants were not connected to each other via bridges 
but functioned as separate tooth substitutes. The 
mucoperiosteum formed a functional barrier to- 
ward the oral cavity. When the animals were killed, 
those parts of the implants that had been introduced 
into the nasal or sinus cavity (Fig. 2) were found to 
be covered by normal mucoperiosteum and bone 
tissue (Figs. 3,4). Microradiograms showed remod- 
eling of the anchoring bone corresponding to the 
load applied (Fig. 5), and histologic analysis (Fig. 
6) as a rule showed normal bone tissue in direct 
contact with the titanium implant without any in- 
terposed fibrous tissue. A radiograph of the dog that 
received a bone graft secured with a long screw 

FIGURE 8. Radiographs of an 
implant penetrating the maxillary 
sinus, (left to right) one, three. 
and four years after insertion. 
This implant is still well integrated 
in the bone, and the annual loss 
of bone height has been less than 
0.1 mm. 
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penetrating the bone wall of the nasal cavity also 
showed a problem-free bone anchorage (Fig. 7). 

CLINICAL STUDY 

Neither in the first postoperative weeks nor in 
the long-term clinical follow-up (up to 10 years) 
were there any symptoms or signs indicating an in- 
flammatory process in the cavities where implants 
had been introduced. In the radiologic examinations 
there also were no indications of untoward mucosal 
or bone reactions (Figs. 8-10). As indicated in 
Table 1, the short-term follow-up (two to five years) 
on 25 sinus-penetrating or perforating implants and 
23 nasal-penetrating or perforating ones indicated 
success in 88% and 96% of the cases, respectively. 
After five to ten years, the rate of positive results 
of 44 sinus-penetrating or perforating implants was 

FIGURE 9. Radiographs of 
implants penetrating the max- 
illary sinus and nasal cavity, 
before (fop) and five years 
after (center, righr) insertion. 
Five years later. the implants 
are still integrated and the 
bridge is functioning without 
clinical problems 

FIGURE 10. A sinus- 
penetrating implant nine 
years after insertion. No- 
tice bone coverage of the 
penetrating part of the im- 
plant. 

!jO3 

70%, and of 47 nasal bone-wall- or nasal mucosa- 
piercing ones, 72%. These figures are comparable 
to the success rates of all maxillary implants, in- 
cluding those which did not penetrate the sinus or 
nasal cavities, where five- to ten-year results of 82% 
(n = 529) and two- to five-year results of 9.5% (n 
= 311) were obtained.’ The majority of the pene- 

trating and perforating implants remained inte- 
grated under the load of the bridge, and there were 
no radiographic signs of pathologic bone reactions 
or abnormal loss of anchoring bone. 

Those implants that were not successful failed to 
achieve osseointegration, as was revealed by mo- 
bility at the examination three to five months after 
insertion. These implants were never individually 
loaded. They constituted about 50% of the implant 
losses, and failure resulted from surgical errors or 
perforation through the covering mucoperiosteum 
during healing. The other reason for failure, re- 
sponsible for losses in the remaining 50% of the 
unsuccessful cases, depended on overload in rela- 
tion to the mechanical capacity of the anchoring 
bone. In these cases, a thin sheath of fibrous ,tissue 
formed along the screw. Such losses usually oc- 
curred within one to two years after bridge attach- 
ment. primarily when the most posteriorly located 
implant was penetrating the sinus. There was no 
inflammatory reaction in the maxillary sinus in 
these cases, and after removal of the implant, with 
careful curettage of the bone site and coverage by 
a mucoperiosteal flap, the site healed with bone for- 
mation and without untoward sinus reactions. In no 
case was there fistula formation. Histologic analysis 
of the tissues that had surrounded the mobile im- 
plant showed loose connective tissue proper, with 
some round cells, but no indication of any major 
inflammatory reaction and with an intact muco- 
periosteum toward the nasal cavity or sinus. 
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Table 1. Success Rates of Load-bearing Functioning Dental Implants in Upper Jaw 

Observation 
Period 
(years) 

B‘Xle 

Penetration 

Sinus 

MUCOSd 

P&oration Total 

BOW 

Penetration 

Nasal 

MUCOSd 

Perforation Total 

Total 
Penetrating Nonpenetrating 

and Implants in 
Perforating Nongrafted 

Implants Jaws 

2-5 14 (93%) 11 (82%) 25 (88%) 21 (95%) 2 (100%) 23 (96%) 48 (92%) 3 11 (95%) 
5-10 35 (69%) 9 (77%) 44 (70%) 40 (70%) 7 (86%) 47 (72%) 91 (71%) 529 (82%) 

Discussion 

In the upper jaw there is often enough remaining 
bone to allow osseointegration of implants. In many 
cases of severely resorbed upper jaws, however, 
the problem is whether to use a bone graft or 
permit nasal/sinus cavity penetration of an implant. 
On the basis of the positive evidence in the present 
study, the insertion of implants where sinus or nasal 
cavity penetration cannot be avoided is believed to 
be justified. The results of the clinical trials have 
shown that titanium screws penetrating the bone of 
the nasal or sinus cavities cause no undesirable side 
effects during healing, that they maintain their an- 
chorage during load, and that, if they become mo- 
bile, they can be removed like other implants, the 
site healing with bone formation and without fistula 
formation. These findings are of practical impor- 
tance, as the indications for bone grafting can now 
be limited to cases with an extreme degree of re- 
sorption. 

The reasons for the lack of side effects with bone 
penetrating implants is believed to be the osseoin- 
tegration of the implant. Osseointegration means a 
direct contact, on the light-microscopic level, be- 
tween living bone tissue and the implant. As has 
been shown in other studies,8$9 not only the bone 
but also the soft tissues show a direct attachment 
to titanium. The soft tissues on the oral cavity side 
of the implant adhere tightly to the titanium, where 
the border zone consists of a ground substance 
whose maximal thickness is a few hundred ang- 
stroms. l”,ll This direct connection between hard 
and soft tissues and the integrated titanium implant 
rapidly creates a barrier to the migration of micro- 
organisms or inflammatory processes along the im- 
plant, In this way, the osseointegration protects the 
implant-a situation functionally not different from 
that of the tooth and its periodontium. If osseoin- 
tegration does not occur for some reason, but in- 
stead a fibrous tissue sheath covers the implant, this 
usually leads to a migrating inflammatory process 
followed by bone resorption and eventual implant 
10~s.~ A fibrous tissue layer surrounding a metallic 

jaw implant does not differentiate to a periodon- 
tium, or to a pseudo periodontium, as has been sug- 
gested by some authors, i2,13 but represents a poorly 
differentiated tissue that in time will cause implant 
loss. 

The two- to five-year success rate of 48 implants 
was 92%, and the five- to ten-year rate with 91 im- 
plants was 71% (Table 1). These figures may give 
the false impression that the penetrating implants 
would have been lost with longer implantation. This 
is not the case. On the contrary, 92% of the losses 
of long-term implants occurred during the first two 
years. 

Obviously, our results have improved with in- 
creased experience in the delicate surgical tech- 
nique necessary for cases of severely resorbed 
upper jaws. This concept is substantiated by com- 
parison of these results with those of 17 upper jaw 
implants installed during the so-called development 
period (i.e., inserted more than ten years ago). Of 
those, 65% are still functioning. The losses all oc- 
curred during the first two years of observation. 

An implant that fails can be removed and, if clin- 
ically necessary, be replaced with a new implant 
after healing of the bone defect. No complications 
were reported when such mobile implants were re- 
moved. The fact that few implants are lost after two 
years of follow-up indicates that the long-term re- 
sults in the present two- to five-year group will im- 
prove considerably in comparison with the 71% 
five- to ten-year success rate reported in this paper. 
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