
The International Journal of Oral & Maxillofacial Implants 117

The Iliac Prefabricated Composite Graft for 
Dentoalveolar Reconstruction: A Clinical Procedure
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Prefabricated composite grafts were introduced in reconstructive oral and maxillofacial surgery in the
mid-1990s. The purpose of this report is to introduce a novel technique—the iliac prefabricated com-
posite graft—for reconstruction of the alveolar ridge simultaneously with masticatory attached gingiva
and integrated implants in a single procedure. Clinical and immunohistologic results are reported and
reveal this technique to be an attractive alternative in dentoalveolar surgery and implant dentistry. INT
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The seating of a bone-anchored prosthesis and/or
the osteoplastic reconstruction of the defective

maxilla in its anatomically appropriate shape pose a
great challenge in maxillofacial surgery. Implant heal-
ing can be hampered by the poor quality and quan-
tity of bone tissue at the site.1,2 Moreover, the restora-
tion of fully developed, attached gingiva in the
reconstructed bony area is an even greater task.3–6

Various multi-step reconstruction methods have
been described to date.7–16 Only in the mid-1990s
were prefabricated composite grafts introduced in
reconstructive oral and maxillofacial surgery.7–26

Encouraged by the positive results achieved with
prefabricated scapular grafts for the reconstruction
of patients with extensive facial defects,23–25 investi-
gators modified this technique to make it suitable for
dentoalveolar defects, which are frequently associ-
ated with the loss of functional gingiva. This tech-
nique for osteoplastic reconstruction of the alveolus
involves the application of prefabricated composite

grafts from the iliac crest. It can be used to achieve
the following goals: (1) restoration with immediate
stress-bearing bone-anchored implants in a single
session and (2) simultaneous restitutio ad integrum of
the oral attached gingiva.

The purpose of this report was to present the  sur-
gical procedure and clinical results. In addition, histo-
logic and immunohistologic studies were performed,
and the results were compared with the published
results for prefabricated scapular flaps.3,27

PATIENT

A 42-year-old male patient suffering from a subtotal
loss of his postcanine maxillary alveolar ridge after
several oral surgical interventions was treated with
an iliac prefabricated composite graft.

Precise preplanning is a must for prefabrication of
a composite graft.8,28,29 To determine the size and
shape of the transplant and for exact positioning of
the endosteal implants, computerized tomographic
(CT) data were acquired using a Siemens Somatom
Plus 4 and HiQ in high-resolution mode (Siemens,
Munich, Germany). Slices 1 to 2 mm thick were used.
Initial planning was performed using a high-speed
image operation system (ARRI-Voxel-Flinger; ARRI,
Detroit, MI) with complete interactive 2- and 3-
dimensional (3D) visualization capabilities and inter-
active image manipulation via graphic workstation
and appropriate software. Control examinations
were carried out postoperatively using the same sys-
tem and sequential radiographs.
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SURGERY

General Information
The graft was prefabricated in the iliac crest. Flap
prefabrication included preformation of the bony
flap, implant placement, and prelamination with der-
mis.23–25 The need for microsurgical revascularization
is dependent on the size of the bony transplant. For
smaller composite grafts  from the iliac crest area (up
to a size of 3 to 4 cm wide), microsurgical revascular-
ization can be omitted, according to the model
developed by Marx and associates30,31 for bone
transplants. Therefore, in a variation of the procedure,
the osteotomy was first carried out at the time of flap
harvesting to ensure vascular circulation during the
healing period of the composite graft.

Prefabrication of the Composite Graft
According to the preoperative analysis, the appropriate
part of the iliac crest was liberated from the attached
tissue, and endosteal titanium implants (Brånemark
System MkII; Nobel Biocare, Göteborg, Sweden) were
placed into position as preoperatively planned (Figs 1a
and 1b). The implants placed were self-tapping screw-

type implants 3.75 mm wide and 10, 13, or 15 mm long.
After removal of the epidermis, dermis was harvested
with a dermatome from the thigh (Fig 2a). Then the
selected piece of the iliac crest was coated with dermis
(Fig 2b) and covered with a Gore-Tex membrane (WL
Gore and Associates, Newark, DE) (Fig 2c), which was
fixed to the bone by microscrews. Subcutaneous tissue
and skin were closed in layers, and the construction
was left in the pelvic region.

RECONSTRUCTION OF THE 
ALVEOLAR RIDGE

After approximately 3 to 4 months the composite
graft was harvested by osteotomy (Fig 2d). The Gore-
Tex membrane was removed before the transplant
was transferred into the maxillary defect (Fig 3).

According to the preoperative planning, the trans-
plant was placed into the correct position and stabi-
lization was achieved using titanium miniplates con-
nected to the implants. The graft was then fixed to
the maxilla using microscrews (Figs 4a and 4b). Pros-
thetic rehabilitation was subsequently performed.

Figs 1a and 1b Prefabrication of the
appropriate part of the iliac crest. According
to the preoperative analysis implants were
placed into the iliac crest.

Fig 2a Epidermis was removed from the
thigh, and the underlying dermis was har-
vested with a dermatome. The defect was
subsequently covered with the epidermis.

Figs 2b and 2c Prefabrication of the
appropriate area of the iliac crest. After
implant placement the iliac bone was first
attached with dermis and afterward with a
Gore-Tex membrane. The photograph shows
the dermis under the Gore-Tex membrane,
which has been fixed onto the implants
using cover screws. 

Fig 2d The prefabricated composite graft
in situ 4 months later, before the graft was
harvested. 

a b

c d
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HISTOLOGIC METHODS

From the harvested graft, a marginal section of the
prefabricated grafted tissue was removed and fixed
in neutral buffered formalin (Fig 5). For the
immunhistochemical pilot study, biopsies of the
reconstructed “neogingiva” and hard palate were
obtained 4 weeks after flap transfer in the oral cavity,
in accordance with longitudinal histologic examina-
tions in prefabricated scapula flaps.15 Complete dif-
ferentiation of the epithelium was observed at this
time (Figs 5a and 5b).

The bony piece was embedded without decalcifica-
tion in methyl-methacrylate resin. From the block,
ground sections were prepared and evaluated by light
microscopy after appropriate staining. These investiga-
tions served as clinical controls of osseointegration. Fur-
ther histochemical details are described elsewhere.30

Immunohistochemistry
For immunohistochemical detection of keratin sev-
eral antikeratins were obtained (Table 1). Biotin-con-
jugated anti-mouse IgG was obtained from Vector
(Burlingame, CA).

Tissue samples were embedded in OCT Com-
pound Tissue Tek (Sakura Finetek USA, Torrance, CA)
and fast frozen. Five-µm-sections were cut from the
frozen specimens using a cryomicrotome (Leica, Wet-
zlar, Germany). Each specimen was mounted onto a
glass slide, air dried, fixed, and incubated overnight at
4°C with 1 of the primary mAbs (1µg/mL) diluted in
phosphate buffered saline (PBS) with a pH of 7.4 con-
taining 1% bovine serum albumin for 1 hour. After
washing in PBS, sections were incubated with
biotinylated anti-mouse Ab (Vector) for 30 minutes.
After washing, sections were incubated with horse-
radish peroxidase-conjugated avidin-biotin complex
(Vector). Peroxidase was visualized using 3-amino-9-
ethylcarbazole (Sigma-Aldrich, Vienna, Austria). Sec-
tions were counterstained with hematoxylin (Dako,
Glostrup, Denmark) and mounted in glycerol gelatin.
The specificity of immunohistochemical staining was
determined by replacing the primary antibody with
an irrelevant antibody of the same class.

Fig 3 The prefabricated composite graft
after elevation. The dermal cover was firmly
attached to the underlying bone and cov-
ered with a pseudomucosa identical to that
observed in the scapula flap after 3 months
of prefabrication. The implants form a den-
tal arch, as planned, using interactive
manipulation of 3D CT data.

Fig 4a CT imaging before reconstruction.
Pronounced atrophy of the alveolar ridge
can be observed.

Fig 4b CT imaging after reconstruction
with the prefabricated iliac flap. Complete
restoration  of the alveolar ridge was
achieved. The dental arch was recon-
structed as planned.
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Fig 5a Intraoral view of the reconstructed
alveolar crest 4 weeks after transfer of the
graft into the oral cavity. The reconstructed
mucosa is clinically indistinguishable from
the surrounding normal mucosa.  The aster-
isk (*) indicates the region where the biopsy
sample was obtained. 

Fig 5b Graphic illustration showing the
location from which the biopsy sample was
removed. Region 1 represents the natural
hard palatine mucosa (the upper 4 panels
in Fig 8), while region 2 represents resti-
tuted attached gingiva (the lower 4 panels
in Fig 8).
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RESULTS

After a healing period of approximately 3 to 4
months, reconstruction of the alveolus was achieved
by means of this composite prefabricated bone graft.
In all cases the skin graft was attached firmly to the
bony flap and had developed a delicate epithelium
at the interface between dermis and the Gore-Tex
membrane (Fig 6). After wound healing this
“pseudogingiva” could clinically not be distinguished
from that observed in a previous prefabricated
scapula flap procedure3,25 (Fig 5a). Again the
implants in correct anatomic position were found to
be adequately anchored in the bone and served for
dental rehabilitation (Fig 6a).

The quality of intraoral reconstruction is marked
by maximum restoration of natural anatomy in the
oral cavity and an attached gingiva with inflamma-
tion-free points of exit for the implants. High func-
tional and esthetic standards for bone-anchored
prostheses could be achieved even in patients with
extensive loss of the alveolar ridge (Fig 6b). Currently,

a total of 27 patients have been reconstructed with
composite bone grafts prefabricated in the iliac crest.

Histologically, the bone graft showed patterns of
remodeling activity. Implants were found to be ade-
quately anchored in the iliac crest (Fig 7). The results
of the present immunohistologic analysis were com-
pared with a previous analysis of microvascular
revascularized scapula transplants.27 Keratins are
unique markers of epithelial differentiation.31 The
classification by Moll and coworkers32 assigns a num-
ber to each keratin (keratin 1 through keratin 20)
based on their relative charge, molecular weight, and
reaction with monoclonal antibodies. As illustrated in
the top 4 panels of Fig 8, keratinocytes of the normal
hard palate mucosa express keratin 1,10 in the
suprabasal layers of the epithelium (Fig 8a), together
with keratin 13 (Fig 8c), the marker for “wet” epithe-
lium, and keratin 16 (Fig 8g). The basal layer of the
normal hard palate mucosa is negative for keratin
1,10 (Fig 8a), keratin 13 (Fig 8c), and keratin 16 (Fig
8g). In contrast, keratin 14 is strongly expressed in
the basal as well as in the suprabasal regions of the
normal oral mucosa (Fig 8e). The lower 4 panels of
Fig 8 show the prefabricated flap 4 weeks after trans-
fer to the oral cavity. The flap had developed a fully
differentiated epithelium consisting of basal and
suprabasal cell layers. The suprabasal keratinocytes
of the reconstructed oral mucosa strongly expressed
keratin 1,10 (Fig 8b), a marker for a regular differenti-
ation, keratin 13 (Fig 8d), which is highly characteris-
tic for “wet” epithelium, and keratin 16 (Fig 8h). Ker-
atin 14, another marker for regular differentiation,
was strongly expressed in the basal as well as in the

Table 1 Antikeratins

Antikeratin Clone Manufacturer

1,10 mAb 8.60 Progen, Heidelberg, Germany
8 mAb M20 Neomarkers, Fremont, CA
13 mAb 1C7 Neomarkers
14 mAb LL002 Neomarkers
16 mAb LL0025 Neomarkers
18 mAb DC 10 Neomarkers
19 mAb A53-B/A2.26 Neomarkers

Fig 6a Reconstructed alveolar ridge with implants and abutments.

Fig 6b Reconstructed alveolar ridge after complete prosthetic restoration.

Fig 7 Ground section, of the prefabricated composite graft showing vital endosteal
remodelling. The implant was found to be adequately anchored in the bony graft (Giemsa
stain; original magnification � 20).
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suprabasal layers of the newly developed epithe-
lium. In all sections of the reconstructed mucosa, pro-
nounced rete ridges, which are highly characteristic
of hard palate mucosa, could be seen. The papillae
extended deeply into the epithelium, providing
mechanical attachment of the epithelium to the
underlying tissue.

As with the analysis of prefabricated scapula
transplants, both the pattern of keratin expression
and the formation of rete ridges in the reconstructed
mucosa were indistinguishable from normal hard
palate mucosa.

DISCUSSION

Atwood described the characteristic shapes that
result from resorption of the alveolar process during
the gradual stages of atrophy.33,34 Correlated with the
extent of bone loss, there is a simultaneous reduction
in the expanse of attached gingiva, even resulting in
complete absence of masticatory gingiva in severe
atrophy.35–39 Therefore, next to the maxillary bone, the

osseous alveolus in its natural form together with the
masticatory attached gingiva needs to be recon-
structed.3,25 For this reason, free grafting of bone,
split-thickness skin transplants, and split mucous
transplants are well accepted and have been proven
operation techniques since the mid-1970s.8,35–39

Based on clinical observations of split-thickness skin
grafts as well as free mucosal grafts, which are similar
to free grafted bone, these grafts can survive without
circulation for a short amount of time.29,35–38 

Because of limited availability of oral mucosa,
split-thickness skin grafts have been used for provid-
ing intraoral lining35–43 as well. However, they retain
their structural characteristics with texture and
appearance of normal skin even after years,41,42

therefore showing less optimal properties in terms of
reaction to denture trauma and infection.41–43 Most
of these grafts have been used for vestibuloplasty,
including the deepening of the labial and buccal
vestibules, to improve the relative height of the alve-
olar ridge.35–39,41–44 In contrast, the described surgical
technique using an iliac prefabricated composite
graft provides not only an intraoral lining together

Fig 8 Immunohistochemical staining. The top 4 panels show normal hard palate mucosa. Keratin 1,10 was expressed in the suprabasal
layers of the epithelium (a) together with keratin 13 (c) and keratin 16 (g). Note that keratins 1,10; 13; and 16 were not expressed in the
basal layers of normal hard palate mucosa. Keratin 14 was detectable in the basal as well as in the suprabasal layers of the hard palate
mucosa. The lower 4 panels show the epithelium of the prefabricated iliac flap 1 month after the transfer into the oral cavity. The mucosa
was fully differentiated; basal and suprabasal layers can be discerned. The suprabasal layers expressed keratin 1,10 (b), keratin 13 (d),
and keratin 16 (h). Keratin 14 was expressed in the basal as well as in the suprabasal layers of the reconstructed mucosa.

Keratin 1,10 Keratin 13 Keratin 14 Keratin 16

normal hard

palate mucosa

reconstructed

oral mucosa
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with the bony reconstruction of the alveolar ridge,
but also integrated implants for immediate mastica-
tory loading in 1 procedure.

Skin and mucosa grafting have been subjects of
intensive histologic evaluation since the 1970s; the
biologic process of mucosa regeneration is still being
investigated.

Hill and MacKenzie examined the influence of
subepithelial connective tissues on epithelial prolif-
eration in animal experiments,45 while Boukamp and
coworkers46 concentrated on the mesenchyme-
mediated and endogenous regulation of growth and
differentiation of human cell keratinocytes.

A further aspect of the effects of subepithelial
fibroblasts on epithelial differentiation has been
introduced by Okazaki and associates.47 Taylor and
associates48 have described the involvement of follic-
ular stem cells in the regeneration of epidermis. The
present authors’ immunhistochemical investigations
analyzed the keratin expression profile of prefabri-
cated flaps’ self-assembled epithelial coating. They
found that epithelial cells were derived from adnexal
structures of the dermal graft as well as from the
edges of the coating.27

Recently the mucosal attachment has been a pri-
mary target of investigation, since an attached kera-
tinized masticatory gingiva not only acts as a protec-
tive barrier, providing an adequate seal between the
oral environment and the implants, but is also less
vulnerable to compressive loading and shearing
forces during mastication. Otherwise, tenacious scar
bands frequently develop.41–44 The role of gingival
connective tissue for epithelial differentiation was
introduced in 1975 by Karring and associates.49 In a
recent publication, Schlenz and coworkers3 also
described the increasing number and size of connec-
tive-tissue papillae in transplanted prefabricated
scapula flaps within 4 weeks after exposure to the
oral milieu.

The authors’ initial immunohistochemical obser-
vations in the presented surgical concept confirm
previous clinical results,3,25,27 showing completely
differentiated epithelium consisting of basal and
suprabasal cell layers expressing keratin 1,10, a
marker for a regular differentiation, and keratin 13,
which is highly characteristic for “wet” epithelium.

In accordance with published results regarding
prefabricated scapula flaps,23–25 a high number of
good-sized connective tissue papillae could be seen
4 weeks after exposure to the oral milieu.3 Although
the completely restored keratinized masticatory gin-
giva provides resistance to masticatory loading, the
objective is to avoid mucosa-supported prostheses
in all cases.

CONCLUSION

Modification of a previous operation technique for
reconstruction of the alveolar ridge simultaneously
with a masticatory attached gingiva and integrated
implants has been introduced. Some aspects of pre-
prosthetic surgery were also described. The results of
the histologic and immunohistologic investigations
correlated with those of earlier studies.3,25,27
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