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Abstract

Objectives: Patients in need of bone augmentation procedures can be treated with a

traditional hip graft or by neogenesis under a stiff occlusive titanium membrane, custom-fit

on the basis of CT-scan data.

Material and methods: Eighteen patients treated by means of a hip graft (H) were

compared with 11 patients using a full titanium membrane (M) for the rehabilitation of

upper jaws. In the H group, 17 patients (62 implants) in the anterior region (Ha) and 14

patients (23 implants) in the posterior region (Hp) were included. In the M group, nine

patients (30 implants) in the anterior region (Ma) and seven patients (16 implants) in the

posterior region (Mp) were included.

Results: In group Ha, the CFR was 13.3% after 14 years compared with group Ma where the

CFR was 17.4% after 9 years. In group Hp, the CFR was 22.8% after 16 years compared with

group Mp where the CFR was 23.4% after 6 years. The marginal bone loss for group Ha

after 20 years was 2.7 mm, for group Ma it was not even 1 mm after 9 years; for group Hp, it

was 2.5 mm after 15 years compared with less than 1 mm after 3 years in group Mp.

Conclusions: The success rate of alveolar ridge augmentation therapy is lower than in a

classical approach. These augmentation procedures, however, show acceptable results. The

titanium membrane augmentation leads to less marginal bone loss probably because neo-

formed bone has a better chance to adapt its mineralization to occlusal forces encountered.

This technique could offer improvement if membrane exposure can be avoided.

The idea of increasing the available bone

volume by means of auto-, allo- and xeno-

grafts has been tested since the beginning of

the 20th century. Autografts applied in

conjunction with the placement of endoss-

eous implants have a higher success rate

than other augmentation materials such as

allogenic demineralised or lyophilised bone

in retaining their volume (Brånemark et al.

1971; Breine & Brånemark 1980; Listrom

& Symington 1988; Adell et al. 1990; van

Steenberghe et al. 1991, 1997; Isaksson &

Alberius 1992; Tolman 1993; Pinholt et al.

1994; Tolman 1995). An alternative for

increasing the bone height is the placement

of a subperiosteal barrier membrane, which

allows the underlying blood clot to miner-

alise. The latter can be enhanced by insert-

ing some material underneath (Buser et al.

1996; Hermann & Buser 1996; Nevins et

al. 1998). This procedure has been called

guided bone augmentation. The best way

to allow bone neogenesis beyond the ske-

letal envelope under a barrier is to use a stiff

occlusive titanium membrane where the

titanium oxide surface favours this up-

growth through osteoconductivity (Lundg-

ren et al. 2000). They demonstrated on the
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rabbit skull that the degree of mineraliza-

tion in a titanium chamber is superior

along the hermetic titanium roof than

along a permeable expanded teflon mem-

brane. Osteoconductivity of titanium oxide

surfaces has been well documented (Lars-

son et al. 1996). In the animal and clinical

study of van Steenberghe and co-workers

(Maréchal 2002; van Steenberghe et al.

2003), the investigators proved that a very

large bone volume augmentation could be

obtained, reaching an increase of maxillary

height of up to 16 mm. It allowed implant

placement after 9–17 months. These mem-

branes were prepared on the basis of CT

scan images transformed into a stereolitho-

graphic model. These models allowed,

through wax-up, to manufacture custom-

fit stiff membranes. These were installed

subperiosteally on the upper jaw-bone un-

der local anaesthesia. The most frequent

complication is the exposure of the mem-

brane, which can lead to marsupialisation

and infection of the underlying tissue.

Autogenous hip graft to augment the

alveolar ridge is a well-known surgical

procedure. A bone preparation is made on

the inner side of the iliac crest. For a

complete alveolar ridge onlay augmenta-

tion, a U-shaped graft is prepared (Breine

& Brånemark 1980). An inlay or a partial

onlay requires a rectangular-shaped graft.

In addition to local complications, general

disorders, such as osteoporosis, must be

considered in cases of excessive implant

loss using iliac bone grafts for alveolar ridge

augmentation (Blomqvist et al. 1996).

Two ways of fixing the hip graft to the

jaw bone are described in the literature.

The graft can be fixed with small screws

or metal wires before implant placement or

fixed by means of the self-tapping screw-

shaped implants to be used to support the

prosthesis (Beckers & Freitag 1980; Cha-

con et al. 2004). In both instances, immo-

bility of the graft is aimed at to allow a fast

revascularisation. A healing period of 8

months is recommended before abutment

surgery can take place. The most negative

aspect of this intervention is the morbidity

after the operation, especially at the hip

site. Post-operative pain in the hip-region

and limping routinely occurs during

6 weeks, and 25% of the patients experi-

enced sensory disturbances of the lateral

femoral cutaneous nerve (van Steenberghe

et al. 1997; Bahat & Fontanesi 2001; Joshi

& Kostakis 2004). A general anaesthesia is

evidently required, implying hospitalisa-

tion of a few days.

The aim of the present study was to

assess the medium- to long-term outcome

of the implants installed in either autoge-

nous hip grafts or in the newly formed bone

under titanium membranes. In particular,

besides the failure rate of individual im-

plants, the stability of the marginal bone

level was investigated as a surrogate para-

meter for further survival.

Materials and methods

The two surgical approaches that were

compared are described in detail elsewhere

(van Steenberghe et al. 1997, 2003).

Hip onlay grafts

In the present study, 18 consecutive pa-

tients, 11 females, were investigated. They

had obtained an onlay hip graft to augment

the jaw bone to allow implant placement.

This approach implies a general anaesthe-

sia. A horse-shoe-shaped block (width

10 mm, arch ends at 10–12 cm) of cortico-

cancellous bone is prepared from the lateral

side of the iliac bone using a template as a

reference. The size of the horse-shoe-

shaped template is determined on the basis

of the upper jaw arch once the mucoper-

iosteal flaps are reflected. The block, once

freed, is quickly adapted by means of ron-

geurs. It is fixed on top of the jaw bone by a

series of self-tapping implants on which,

after a few months, abutments will be

connected. The incision high up in the

lip ensures soft tissue coverage. Cefazolin

(2 g/day) coverage was given per- and post-

operatively and maintained for 5 days.

The mean age was 45.5 (range from 33 to

61). Four of them were smokers. Two

patients had a labio-palatal cleft. Three

patients were partially edentulous in the

jaw of interest; others had total edentulism.

As for the antagonistic jaw, 10 patients still

had their natural dentition, three had a

removable prosthesis, four were already

restored by means of implants and one

patient had a superstructure on the remain-

ing natural dentition.

Implants of all patients were divided into

two groups. Group Ha included 17 patients

who obtained an onlay graft in the anterior

region of the upper jaw harbouring 62

implants and group Hp included 14 pa-

tients who obtained an onlay graft in the

posterior region harbouring 23 implants.

In group Ha, 11 patients showed a bone

level before surgery that was less than

4 mm; in seven patients, it was 4 mm or

more. As for group Hp, in 15 patients the

bone region of interest was less than 4 mm,

only in two of the patients the level was

4 mm or more.

The total number of implants placed was

85 (mean: 5; SD: 2). They were all of the

Brånemark system (Nobel Biocare AB,

Gothenburg, Sweden) of the Mk II and

Mk III type, meaning they are self-tapping

with a machined surface. The average im-

plant length was 14 mm (range from 7 to

20, SD: 3.2). As for the diameter used, all

were 3.75 except for six where 4 (5) or 5 (1)

mm diameters were used. The second-

stage surgery was performed 8 months after

the graft and implant procedure.

All patients were surgically treated at the

department of Periodontology at the Uni-

versity Hospital of the Catholic University

Leuven. Intra-oral radiographs were taken

immediately after abutment surgery. When

implants were uncovered and abutment

surgery was performed, four patients were

restored with an overdenture; the other

patients obtained a fixed superstructure.

The choice of one of the two prosthetic

options was decided by the Prosthetic De-

partment based on functional, psychologi-

cal or aesthetic reasons.

All patients were included in an annual

follow-up system. Implant survival in-

volved not only the presence of the implant

but also the absence of a radiolucency

surrounding the implant on radiographs.

Marginal bone loss around the implant

was annually measured on intra-oral radio-

graphs. The marginal bone level surround-

ing the implants at abutment surgery acted

as a reference.

Bone augmentation by means of a
titanium membrane

Eleven patients obtained a custom-fit tita-

nium membrane manufactured on a stereo-

lithographic model derived from CT-scan

data. A heightening procedure is performed

on the model by waxing up, as the period-

ontologist would like to achieve. An aug-

mentation of up to 1.5 cm can be expected.

Subsequently, the model is copied in hard

gypsum and a titanium membrane is
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moulded under high pressure on top of it,

cleaned, sandblasted with titanium powder

(inner surface) and gas sterilised. The rigid-

ity of the full titanium membrane, ob-

tained by a thickness of 0.2 mm, allows

the patient to wear a denture during the

long healing time. Placed subperiosteally

under local anaesthesia, the margins clo-

sely fit the bone contour and are fixed with

a few small screws. The blood clot under

the membrane ossifies and thus allows

implant placement.

The mean age of the patients at surgery

was 45 (range from 27 to 72). Five of them

were female. No major compromising

health factors were noted in their ana-

mnesis. Two were smokers. Five were

totally edentulous in the jaw of interest;

the others were partially edentulous. In the

antagonistic jaw, eight patients still had

their natural dentition, two had a remova-

ble prosthesis and one was already treated

by means of an implant-supported bridge.

In the anterior region, the bone height

available before surgery was always 4 mm

or more; in the posterior regions, there

were three patients in whom there was

less than 4 mm present. Membranes were

uncovered after 9–17 months. Five mem-

branes became exposed earlier, but most

already showed enough bone augmentation

to place a sufficient number of implants.

At that time point, implants were placed.

The number of implants placed in the

augmented zones was 46. Group Ma, re-

habilitated in the anterior region, consisted

of nine patients, with 30 implants placed in

the augmented area of the upper jaw. Im-

plants had a mean length of 12 (range

8.5–15) and a mean diameter of 3.75

(only five implants had diameter 4 mm,

one of 3 mm and another 3.3 mm). Group

Mp, rehabilitated in the post-canine region,

consisted of seven patients where 16 im-

plants were placed in the augmented

area of the upper jaw. Implants had a

mean length of 11 (range 7–15) and only

two of those with a diameter 4 mm; the

rest had a diameter of 3.75 mm. Abutment

surgery took place 8 months after implant

placement.

Intra-oral radiographs were taken at pla-

cement of the abutments. When implants

were uncovered and abutment surgery was

performed, three patients were restored

with an overdenture and six patients ob-

tained a fixed superstructure.

Implant survival and marginal bone loss

were calculated. All patients were included

in an annual follow-up system and oral

radiographs were regularly taken. Implant

survival meant absence of radiolucency

surrounding the implant on oral radio-

graphs and/or implant loss.

To assess marginal bone loss, the dis-

tance between the marginal bone level and

the upper border of the implant shoulder

was measured at abutment surgery and at

each annual follow-up visit.

Statistical analysis

Cumulative failure rate (CFR) was calcu-

lated in all groups according to the follow-

ing formula:

CFR ¼ IFRþ ðPFR� ð100� IFRÞÞ=100

(IFR, interval failure rate; PFR, previous

failure rate.) This formula makes sure

that the eventual large number of recently

installed implants does not dilute the fail-

ure rate and takes into consideration the

number of drop-outs.

The marginal bone losses over 5 years

were calculated and inserted into a statis-

tical program (SPSS 13 for windows). The

results from groups Ha and Hp were com-

pared with those from Ma and Mp using

ANOVA repeated measures statistics. The

difference between frontal and distal areas

was also considered.

Results

Hip onlays

In group Ha, 53 implants were followed for

up to 20 years. The CFR is 13.3% after 14

years. In the last year, only two implants

could be followed, wherefrom one out of

two failed. In total, eight implants failed

out of 53 (Fig. 1a). After 20 years, an

average marginal bone loss of 2.7 mm was

reached (Fig. 1b).

In group Hp, 23 implants were followed

for up to 16 years. After 10 years, no more

failures occurred, corresponding to a CFR

of 22.8% (Fig. 2a). After 15 years of follow-

up, the mean marginal bone loss was 2 mm

with a maximum SD over all years of 2.5

(Fig. 2b).

Bone augmentation by means of a tita-
nium membrane

In two patients, no implants could be

placed because of very early membrane
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Fig. 1. (a) Cumulative failure rate (CFR) of implants placed in the anterior region of an augmented upper jaw

with an onlay hip graft (Group Ha). (b) Marginal bone loss of implants placed in the anterior region of an

augmented upper jaw with an onlay hip graft (Group Ha).
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removal and insufficient bone growth

under the membrane. In three patients,

another augmentation procedure was ne-

cessary to provide enough stable implants

to give the patients a fixed solution. In

one of these patients, his own teeth were

used in combination with the implants

placed in the augmented bone to ensure a

biomechanically stable situation for the

prosthesis.

As for group Ma with 30 implants in-

stalled, two of the implants failed at abut-

ment stage, 1 after 1 and 2 after 2 years

of follow-up. This resulted in a CFR of

17.4%, which remained the same for the

next 7 years (Fig. 3a). The marginal bone

loss after 9 years was on average less than

1 mm (Fig. 3b).

In group Mp with 16 implants, two

failed at abutment stage and four at 1 year

of follow-up with a resulting CFR of 23.4,

which remained stable for until 6 years of

follow-up (Fig. 4). The marginal bone loss

after 3 years was on average less than 1 mm.

Comparison between upper jaw augmen-
tation techniques: onlay hip graft vs. neo-
formed bone under a customised titanium
membrane

An overview table of the CFRs of all

treatment modalities used can be found in

Table 1. The CFR of implants placed in

bone augmented under a titanium mem-

brane is higher than the CFR of implants

placed in hip grafts to augment the jaw bone.

The difference between marginal bone

loss in anterior or posterior areas did not

differ significantly (P¼0.5) (Fig. 5a and b).

Only in the membrane groups (Ma and

Mp) could a difference be observed in the

figures but because of shortage of data in

group Mp after 5 years, no statistical ana-

lysis could be performed. The difference

between the two surgical techniques, how-

ever, reached a high level of significance

(P¼ 0.001). The marginal bone loss re-

mained more or less stable over the years

when implants were placed in neo-formed

bone. When they were placed in an onlay

hip graft, the marginal bone loss went on

over the years, up to 1.8 mm on average

after 5 years (Fig. 6).

Discussion

In this study, only onlay hip grafts in the

upper jaw were taken into consideration
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Fig. 2. (a) Cumulative failure rate (CFR) of implants placed in the posterior region of an augmented upper jaw

with an onlay hip graft (Group Hp). (b) Marginal bone loss of implants placed in the posterior region of an

augmented upper jaw with an onlay hip graft (Group Hp).
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Fig. 3. (a) Cumulative failure rate (CFR) of implants placed in the anterior region of the upper jaw augmented

by means of a titanium membrane (Group Ma). (b) Marginal bone loss of implants placed in the anterior region

of the upper jaw augmented by means of a titanium membrane (Group Ma).
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because this technique can be compared

with the use of a customised titanium

membrane as a scaffold for bone neo-for-

mation in the upper jaw.

For group Ha, the highest marginal bone

loss took place at 3 years of follow-up. This

was reflected in the CFR. Suddenly, after

3 years, again some implants failed. This

could be because of improper biomechani-

cal stability and/or peri-implant infection.

As peri-implant infection is highly ques-

tioned in the type of implants used in this

study, namely the Brånemark system im-

plants
s

with a machined surface (Quirynen

et al. 2001), the reason should rather be

biomechanical (Quirynen et al. 1992; van

Steenberghe et al. 1999; Miyata et al. 2002;

Sanchez-Garces & Gay-Escoda 2004).

Although the topic remains a matter of

debate, the latter reports indicate that

two-stage implants when subject to heavy

load demonstrate stress concentration at

the shoulder of the implants. Stress con-

centration could explain the marginal bone

loss observed in some instances. Besides

the biomechanical origin of marginal bone

loss, some authors associated such bone

loss with peri-implantitis because of heavy

plaque accumulation. Very roughened sur-

faces are more prone to such biofilm for-

mation than machined surfaces.

As for the comparison between onlays in

the upper jaw or the use of a titanium

membrane to obtain bone augmentation,

one could tend to choose for the less-

invasive membrane technique. The stiff-

ness of the membrane allows the patient to

wear a denture during the long (12–15

months) healing period, although a two-

month healing period was respected. This

contrasts with the clinical protocol after

the placement of autogenous iliac crest

grafts where the patient is encouraged to

refrain from wearing a prosthesis for at least

3 months (van Steenberghe et al. 1997).

The considerable increase in bone height

with the present titanium membrane ap-

proach led to such an increased stabilisa-

tion of the full denture that a few patients

doubted whether an implant-supported

prosthesis was still needed. The augmenta-

tion by means of a membrane can be

achieved under loco-regional anaesthesia

and is surgically less invasive, but this

procedure implies a longer waiting time

before completion of the prosthetic rehabi-

litation. The hip graft procedure often re-

sults in pain and even limping because of

the trauma at the donor site (van Steen-

berghe et al. 1997; Joshi & Kostakis 2004).

The main concern with bone augmenta-

tion by means of an autograft is the resorp-

tion of the graft during the healing period

and beyond. Recently, a better mainte-

nance of the bone height of grafts placed

in combination with a membrane was

documented (von Arx et al. 2001a,

2001b; Donos et al. 2005). Bone allografts

or xenografts do not provide similar results

compared with autografts (Pinholt et al.

1994; Becker et al. 1996; von Arx et al.

2001b). This could be different when these

materials are placed under a stiff occlusive

titanium membrane. The resorption and

osseoconductive capacity of titanium plays

a role in the augmentation and implant

integration procedure.

The type and technique of autologous

bone graft is the strongest predictor of

alveolar bone height gain. Carinci et al.
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Table 1. Cumulative failure rates of implants placed in augmented sites after several years
of follow-up

Group Ha Group Hp Group Ma Group Mp

14 years 16 years 9 years 6 years
13.3% 22.8% 17.4% 23.4%
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implants placed in anterior sites augmented with a

hip graft or with neo-formed bone under a custo-

mised titanium membrane. (b) Mean marginal bone

loss over 5 years of implants placed in posterior sites

augmented with a hip graft or with neo-formed bone

under a customised titanium membrane.
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and sites augmented by means of bone neo-forma-

tion under a customised titanium membrane.
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(2005) tried to measure the resorption of

iliac crest and calvaria bone graft over time.

The latter report offers indications that

calvaria bone grafts offer a higher stability

for the marginal bone level compared with

iliac bone grafts. However, the rate of

marginal bone loss over time tends to

equalise between the two graft procedures.

A clinical evaluation of deproteinised bo-

vine bone’s ability to reduce grafted bone

resorption was performed by Maiorana et

al. (2005). Deproteinised bovine bone was

placed on top of the autogeneous graft. It is

a slowly resorbing material and therefore

acts as a barrier for osteoclasts coming from

neighbouring tissues towards the graft.

Thus, bone remodelling can occur instead

of bone resorption of the autogenous graft

material (Carinci et al. 2005; Maiorana

et al. 2005).

CFRs are slightly higher in the mem-

brane group, but remain stable after the

first year. Marginal bone levels around

implants placed in bone augmented under

a stiff occlusive titanium membrane are

more stable than around implants placed

in iliac crest bone grafts. Incomplete miner-

alisation of the neo-formed bone at the

point of implant insertion could lead to a

different osseointegration process of oral

implants compared with integration in

grafted bone, where osteoclasts will be

more active. Caiazza et al. (2000) already

stated that bone neo-formation leads to a

different degree of mineralisation, at least

around the coronal part of the implant.

When marginal bone loss around im-

plants inserted into iliac crest bone was

compared with marginal bone loss around

implants inserted according to the classical

protocol (Albrektsson et al. 1981), almost

no difference could be detected: (1.8 mm

after 5 years) vs. (1þ (X years � 0.2) mm).

The technique where implants are placed

together with the hip graft seems to offer

better marginal bone stability than the

technique where hip grafts are being inte-

grated for 3 months before implant place-

ment (van Steenberghe et al. 1997).

The reason why no difference could be

seen in this study between the anterior and

posterior bone remodelling is probably be-

cause of the fact that not enough data were

collected for the distal areas after 5 years in

group Mp. Indeed, as most patients en-

closed were completely edentulous, a

superstructure with 12 teeth on frontal

implants seemed sufficient.

Conclusions

This study confirms that bone augmenta-

tion procedures result in higher failure rates

than the classical osseointegration protocol

in pristine bone (Listrom & Symington

1988; Adell et al. 1990; Lindquist et al.

1996; van Steenberghe et al. 1997).

In patients who have advanced bone

resorption or from large jaw bone defects,

these techniques are essential to allow

implant placement for a proper oral rehabi-

litation. In distal regions of the upper jaw,

one can choose inlay grafts, which have a

good prognosis (Johansson et al. 1999),

when only augmentation in distal areas is

required and when the interocclusion dis-

tance and aesthetics do not suffer from this

procedure. To choose between onlay grafts

and the use of a titanium membrane, one

has to consider the mental and medical

situation of the patient. A suggestion could

be to combine both methods to allow a

faster augmentation procedure and retain

the advantage of neo-formed bone with a

stable marginal bone level as a result. An

alternative would be to use tissue engineer-

ing under the titanium membrane rather

than simply leave it to a blood clot.
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