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Abstract: Objectives: The purpose of this study was to recommend a new method using acellular dermal matrix graft 
and resin splint to reconstruct the attached soft tissue around dental implants in patients with maxillofacial defects. 
Materials and methods: Total 8 patients (3 male and 5 female patients) diagnosed with maxillofacial defects and 
dentition defects caused by tumors, fractures or edentulous jaw, were selected for this study. Dental implants were 
routinely implanted at the edentulous area. Acellular dermal matrix heterografts and resin splint were used to 
increase the attached soft tissue. The width of attached gingiva in the labial or buccal surface at edentulous area 
was measured before surgical procedures and after the completion of superstructures. Paired t-test was applied 
to assess the change of quantitative variables. All tests were 2-tailed, and P < 0.05 was considered statistically 
significant. Results: The dense connective tissue around implants could be reconstructed one month after the 
completion of surgical procedures, and the epithelial cuff around the implant neck established very well. The width 
of attached gingival tissue in the patients increased significantly from a mean of 0.61 ± 0.75 mm to 6.25 ± 1.04 
mm. The patients were fully satisfied with the esthetic and functional results achieved. Conclusions: The acellular 
dermal matrix graft could be used to increase the attached gingiva around dental implants in these patients with 
maxillofacial defects. The resin splint could facilitate the healing of graft.
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Introduction

Dental implantation allowing stabilization of 
prosthesis in terms of function and aesthetics 
is now considered to be a routine procedure 
with high success rates in patients with maxil-
lofacial defect. The reconstruction of maxillofa-
cial defects can be achieved by reconstructive 
surgical techniques, such as vascularized free 
bone flaps, and guided bone regeneration (G- 
BR). However, the lack of keratinized soft tissue 
in the peri-implant area is still one of the big-
gest challenges in these cases [1]. It has been 
well documented in the literature that keratin-
ized tissue around dental implants helps to 
maintain patient comfort, facilitating impres-
sion taking by the restorative dentist as well as 
helping to maintain oral hygiene [2, 3]. To incr- 

ease keratinized tissue around teeth and den-
tal implants, several techniques have been pro-
posed in the literature [4]. Soft tissue ridge aug-
mentation using autogenous palatal grafts has 
been thoroughly documented in the manage-
ment of residual ridge defects [5, 6]. However, 
the autogenous gingival graft procedure requi- 
res an additional surgical wound, and the am- 
ount of graft is limited because of the donor 
site. 

Recently, an acellular dermal matrix (ADM) all- 
ograft was approved as a substitute for autog-
enous grafts [7, 8]. The acellular dermal matrix 
allograft is processed from human or mammal 
donor skin, and prepared by removing the epi-
dermis and cellular components of the skin [9]. 
ADM allografts have been used in dentistry for 
the correction of gingival recession [10, 11] and 
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guided bone regeneration [12, 13]. Fetal bovine 
acellular dermal xenografts have also been us- 
ed with tissue expansion in staged breast rec- 
onstruction and in treatment of burns [14, 15]. 
Thus far, there have been few reports of kera-
tinized gingival tissue reconstruction using fe- 
tal bovine acellular dermal matrix (FBADM) gr- 
afts. However, how to fix the graft to facilitate 
the wound healing still disturbs clinic dentists.

Eight patients were presented in this study. 
They were diagnosed with maxillofacial defects 
and dentition defects lack of attached gingiva 
and keratinized soft tissue. Heterogeneous ac- 
ellular dermal matrix grafts and resin splint we- 
re used to reconstruct and increase the atta- 
ched soft tissue at the peri-implant region in th- 
ese cases. The width of attached gingival tis-
sue in the patients increased significantly and 
the patients were fully satisfied with the aes-
thetic and functional results achieved. This ar- 
ticle will introduce this method to reconstruct 
the attached soft tissue around dental impl- 
ants.

Materials and methods

The protocol of the study was approved by the 
ethical committee of the Capital Medical Uni- 
versity.

Total 8 patients (3 male and 5 female patients) 
were selected for this study, aged between 22 
to 60 years (mean age 39.5 ± 13.19 years) fr- 
om the Department of Dental Implantology Ce- 
ntre of Beijing Stomatological Hospital.

Case inclusion criteria: (1) Patients diagnosed 
with maxillofacial bone defects and dentition 
defects caused by tumors, fractures or edentu-
lous jaw. (2) Patients with less than 2.0 mm 
thickness of keratinized tissue on the buccal 
surface and vestibulum depression at the ed- 
entulous area. (3) Patients voluntarily agreed to 
have dental implant treatment. (4) Patients ag- 
reed and accepted two-stage operation with 
heterogeneous ADM graft. (5) Patients conse- 
nted to all the surgical procedures prior to tr- 
eatment. 

Case exclusion criteria: (1) Uncooperative pa- 
tients were excluded. (2) Patients with poor 
general condition were not approved to under-
go surgical procedures.

First, bone defects were reconstructed and 
dental implants (Straumann, Swiss; or BEGO, 
German) were routinely implanted at the eden-
tulous area according to different cases. Foll- 
owing a healing period of six months, the osseo-
integration was achieved well between implants 
and bone. Two-stage operation was then pre- 
pared.

Operative and surgical procedure

Surgical procedures: After 0.12% chlorhexidine 
solution mouth rinse and routine sterilization, 
Primacaine (4% Articaine with 1:100,000 epi-
nephrine) local anesthetic was injected. A 
crestal incision was made with a No.15 surgical 
blade at the alveolar ridge. According to vestib-
uloplasty, vertical incisions were made on ei- 
ther side of the horizontal incision which would 
further facilitate to remove the mucosal tissue. 
Then partial thickness flap was thoroughly ra- 
ised on the periosteal bed to the base of ves-
tibulum. After the implants were exposed, im- 
pression was immediately taken. Meanwhile 
the resin splint was prepared by another den-
tist. The patients then received acellular derm- 
al matrix heterograft (Heal-all®, Zhenghai Bio- 
technology Co., Ltd., Yantai, China) according to 
the range of the defect. The size of the ADM 
grafts needed to be 2 to 3 mm larger than the 
defects. The graft previously rehydrated in ster-
ile saline for 5 minutes was firmly placed on the 
periosteal bed and secured to the periosteum 
and surrounding connective tissue by absorb-
able sutures (Figures 2B, 2C, 7B, 7C). Two lay-
ers of iodoform gauze were placed on the sur-
face of graft. Both graft and iodoform gauze 

Figure 1. The measurement of the width of attached 
soft tissue in the labial or buccal surface at edentu-
lous area. Values are expressed as mean ± SD. *: 
Paired t-test (P < 0.05, t = -11.656).
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were stabilized by the prepared resin splint  
(Figures 2D, 7D) . Then the resin splint was 
screwed to the implants.

Preparation of resin splint: Plaster model was 
casted in the impression taken during the sur-
gery. Two or three temporary abutments were 
ground to an appropriate height and screwed to 
the dental implants on the plaster model. A 
layer of wax (about 2 mm thickness) was coat-
ed uniformly in the area of defect to make sp- 
ace for ADM graft. A piece of resin (GC, Japan) 
was coated at the defect region on the model 
and adjusted to 2-3 mm in thickness. In addi-
tion, the size of the resin should be adjusted 
according to the range of the defect in order to 
cover the entire mucosa defect. Then the resin 
was gently pressed to integrate with temporary 
abutments tightly. At last, the resin splint was 
solidified by light-cure. After abutment was un- 
screwed, the resin splint was separated from 
the model (Figure 3). The resin splint was then 
finalized by polish and sterilization and ready 
for next procedure.

Postoperative instructions: Azithromycin and 
Ibuprofen were prescribed to prevent post-op- 
erative complications. The healing was unevent-
ful. Patients were seen and the iodoform gauze 
was changed per triduum in the first week 
(Figures 4A, 7E, 7F), then once a week for fol-
low-up to monitor healing (Figure 7G) and 
plaque control. Three weeks after the second 
surgical procedure, the resin splint and remain-
ing sutures were removed, and the grafted area 
was carefully cleaned with 0.12% chlorhexidine 
solution. Then healing abutments were screwed 
to the implants (Figures 4B, 7H). Three to four 
weeks after the resin splint were removed, 
impression was taken and prosthesis was 
delivered.

Measurement methods

The width of attached gingiva in the labial or 
buccal surface at edentulous area was mea-
sured before the surgical procedures and after 
the completion of superstructures. The dista- 

Figure 2. A. Patient was missing two maxillary central, two maxillary lateral, four mandibular incisors and mandibu-
lar left canine with residual ridges resorption at the edentulous area. No keratinized gingival tissue could be found 
in the labial or buccal surfaces of residual ridges and the vestibulum disappeared at the edentulous area. B. A crest-
al incision was made and partial thickness flap was thoroughly raised on the periosteal bed and impression was 
taken immediately. C. The acellular dermal matrix graft was firmly placed on the periosteal bed and secured to the 
periosteum by absorbable sutures. D. The graft and iodoform gauze were stabilized with the prepared resin splint.
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nce was measured from alveolar ridge crest to 
mucogingival junction before the surgical pro-
cedure. The distances were recorded zero in 3 
patients with no attached tissue at the edentu-
lous area. After the completion of superstruc-
tures, the distance was measured from the epi-
thelial cuff around the implant neck to muco-
gingival junction. The measurements were rec- 
orded at 3 locations around each implant.

Statistical methods

Paired t-test was applied to assess the change 
of quantitative variables. All tests were 2-tailed, 

and P < 0.05was considered statistically signi- 
ficant.

Results 

There were 8 patients (3 male and 5 female 
patients), aged between 22 to 60 years (mean 
age 39.5 ± 13.19 years) who received acellular 
dermal matrix heterograft (Table 1). The soft 
tissue healing was uneventful. None of the 
patients had postoperative complications exce- 
pt mild pain and/or swelling. The dense connec-
tive tissue around implants was reconstructed 
one month after the completion of surgical pro-
cedures, and the epithelial cuff around the im- 

Figure 3. A. Impression was taken. B. Custom-designed abutments were used. C. The resin splint was manufac-
tured. D. The resin splint.

Table 1. The characteristics of patients
Patient  
No

Age 
(ys) Sex Recipient sites (FDI) Defect region (FDI) Causes of maxillofacial  

defects
Dental implant  

system
Follow-up after implants  

placement (months)
1 30 M 11, 21, 31, 33, 42 12-22; 42-33 fracture BEGO 13

2 22 F 32, 41, 42, 43, 44 45-32 epulis Straumann 48

3 47 F 32, 34, 35, 43 43-36 ameloblastoma Straumann 24

4 43 M 11, 12, 14, 21, 22 14-22 fracture Straumann 36

5 52 F 33, 43 47-37 edentulous jaw BEGO 24

6 27 M 31, 32, 33, 42 43-33 fracture Straumann 30

7 60 F 33, 43 47-37 edentulous jaw Straumann 30

8 35 F 32, 41, 42, 45 32-45 ameloblastoma Straumann 19
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plant neck established very well. The width of 
attached gingival tissue in the patients inc- 
reased significantly from a mean of 0.61 ± 0.75 
mm to 6.25 ± 1.04 mm (Figure 1).

Cases descriptions and results

Two cases were introduced in this study, includ-
ing different attached soft tissue defects in the 
maxilla and mandible.

Case 1: A 30-year-old male patient with anteri-
or teeth loss and alveolar bone defects caused 
by maxillofacial trauma was referred to Depar- 
tment of Dental Implantology Centre of Beijing 
Stomatological Hospital on October 2012, after 
3 months period of wound healing. Clinical ex- 
aminations revealed two maxillary central inci-
sors, two maxillary lateral incisors and four 
mandibular incisors and mandibular left canine 

Figure 4. A. Well healing graft at one week follow-up. B. New vascularization could be found following a healing 
period of three weeks. Healing abutments were screwed to the implants. C. The dense connective tissue around 
implants could be found and the vestibular depth notably increased. Epithelial cuff around implant neck established 
well. D. Completed superstructure.

Figure 5. A. Thirteen months after implants placement. B. Thirteen months after implants placement, panoramic 
radiographs revealed good osseointegration with no bone resorption around implants.
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missing and residual ridges resorption at the 
edentulous area. No attached gingival tissue 
could be found in the labial or buccal surfaces 
of residual ridges and the vestibulum disap-
peared at the edentulous area in the maxilla 
(Figure 2A). A multidisciplinary treatment ap- 
proach was planned including guided bone re- 
generation, dental implants insertion and at- 
tached soft tissue reconstruction with acellular 
dermal matrix graft. Five dental implants were 
routinely implanted with two implants placed in 
the site of maxillary central incisors. The acel-
lular dermal matrix graft was firmly placed on 
the periosteal bed and secured to the perios-
teum by absorbable sutures (Figure 2B, 2C). 
The graft and iodoform gauze were stabilized 
with the prepared resin splint (Figure 2D). One 
week follow-up the graft healed well, and new 
vascularization could be found following a heal-
ing period of three weeks. One month later, the 
dense connective tissue around implants could 
be observed. The vestibular depth notably inc- 
reased and the epithelial cuff around the im- 
plant neck established very well (Figure 4C). At 
last, the superstructures were completed (Fi- 
gure 4D). The patients were fully satisfied with 
the esthetic and functional results achieved 
(Figure 5).

Case 2: A 22-year-old female patient, diagno- 
sed with epulis in the right side of mandible by 
Department of oral and maxillofacial surgery in 
2005, with two mandibular central incisors and 
two mandibular lateral incisor, mandibular right 
canine and mandibular right premolars extract-
ed, received a square mandibulectomy. Six mo- 

nths later, the patient received removable par-
tial denture. The patient was referred to De- 
partment of Dental Implantology in May of 
2008. Clinical and radiographic examinations 
revealed symphysis and part of the right-side 
body of the mandible defect from mandibular 
left lateral incisor to mandibular right second 
premolar (Figure 6), and the height of the alveo-
lar bone at the edentulous area was 5 mm 
lower than adjacent alveolar bone (Figure 9A). 
No attached gingival tissue could be found on 
the surfaces of residual ridges and the vestibu-
lum disappeared at the edentulous area. A mul-
tidiscipl inary treatment approach including 
Sandwich bone grafting with free iliac crest 
bone (Figure 9B), rehabilitation of the dentition 
with dental implant supported fixed restoration, 
and attached soft tissue reconstruction with 
acellular dermal matrix graft were planned. 
Three months after surgical procedure, the 
dense connective tissue aro und implants was 
noticed and the vestibular depth was signifi-
cantly increased. The epithelial cuff around the 
implant neck was establi shed very well (Figure 
8D). In one year follow-up, clinical examination 
(Figure 10A) and panoramic radiographs 
revealed bone graft healed well with good 
osseointegration. There was no bone resorp-
tion around implants (Figure 10B).

Discussion

Long-term stability of the dental implant not 
only depends on the osseointegration between 
implant and bone, but also depends on the soft 
tissue condition around the dental implant. 

Figure 6. A. Symphysis and part of the right-side body of the mandible defect was found from mandibular left central 
incisor to mandibular right second premolar. Brackets were bonded on the residual teeth in maxillary and mandibu-
lar. The occlusal relationship was desirable, and orthodontic treatment procedure was going to the retention phase. 
B. No keratinized gingival tissue could be found on the surfaces of residual ridges and the vestibulum disappeared 
at the edentulous area.
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Figure 7. A. Five endosseous dental implants were placed into the mandible. B. Acellular dermal matrix graft was 
firmly placed on the periosteal bed and secured to the periosteum by absorbable sutures. C. The resin splint was 
manufactured. D. The graft was stabilized with the prepared resin splint. E. One week after the surgical procedure, 
oral hygiene was well maintained. F. One week follow-up the graft was healing well. G. New vascularization could be 
found following a healing period of two weeks. H. New dense connective tissue around implants could be found at 
three weeks follow-up.
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Tooth loss accompanied by attached gingival 
tissue defect, especially in these cases caused 
by maxillofacial tumors, maxillofacial fracture 
or edentulous jaw, presents a significant clini-
cal problem. Free gingival grafts, autogenous 
palatal grafts and subepithelial connective tis-
sue grafts could be used to increase the width 
of keratinized tissue. Han et al have shown the 

use of free soft tissue grafts to augment kera-
tinized gingiva before or following the restora-
tion of an implant [16]. However, the autoge-
nous graft procedure requires an additional 
surgical wound that may cause certain degree 
of discomfort and increase the risk of postop-
erative complications such as pain and hemor-
rhage, and the amount of graft is limited be- 

Figure 8. A. One month later, dense connective tissue around implants could be found and the vestibular depth 
notably increased. B. New transition denture was manufactured to maintain the vestibular depth, and to keep the 
edentulous space. C. The new transition denture was screwed to the implants. D. The 3-month follow-up postproce-
dure, the epithelial cuff around implant neck was well established.

Figure 9. A. Panoramic radiographs revealed the height of the alveolar bone at the edentulous area was 5 mm lower 
than adjacent alveolar bone. B. Panoramic radiographs revealed good osseointegration between implants and bone 
before two stage operation. 
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cause of the donor site especially when the ra- 
nge of the keratinized tissue defect is large.

In an effort to avoid second surgical site for har-
vesting the autogenous tissue graft from the 
palate, to reduce potential morbidity, and to tr- 
eat a wider array of defects, different biomate-
rials such as acellular dermal matrix (ADM) gr- 
aft have been tried. The acellular dermal matrix 
graft is processed from human [1, 7, 8] or mam-
mal [14, 15] donor skin. All epidermal and der-
mal cells are removed from donated tissue. AD- 
M retains all of the critical features for tissue 
regeneration, including tissue structure and bi- 
ochemistry. It is comprised of a structurally in- 
tegrated basement membrane complex and ex- 
tracellular matrix in which collagen bundles and 
elastic fibers are the main components. ADM is 
an acellular dermal matrix designed to serve as 
a biologic scaffold for normal tissue remodel-
ing. ADM contains both the structure and the 
biochemical information to direct normal revas-
cularization and cell repopulation because bl- 
ood vessels, collagens, proteoglycans, and el- 
astin are preserved. This extracellular matrix 
contains the blood vessel channels that serve 
as conduits for revascularization; collagens, pr- 
oteoglycans, and elastin provide structure and 
information for cell repopulation [7, 17]. The 
ADM graft which is rich in collagen has been 
increasingly suggested in both medicine and 
dentistry for plastic and reconstructive surgery 
applications. ADM graft has been used for a va- 
riety of purposes including correction of gingi-
val recession [10, 11, 18] and guided bone 
regeneration [12, 13]. Koudale found that the 
use of ADMA eliminated the need for the pala-
tal donor site thus represented a less invasive 

surgery for treating multiple gingival recessions 
[19]. Meanwhile ADM allograft (i.e. AlloDerm®) 
has been used to increase the width of keratin-
ized tissue around dental implant [1]. It has 
been shown that the acellular dermal matrix 
allograft could be applied as a grafting material 
to increase the width of peri-implant keratin-
ized mucosa. This procedure appears to have 
some benefits for oral hygiene [8].

Comparing to the autogenous tissue, ADM graft 
is easy to obtain, and the amount of graft is 
unlimited. Acellular dermal matrix heterograft 
(Heal-all®, Zhenghai Biotechnology Co., Ltd., 
Yantai, China) was used in this study. It is pro-
cessed from bovine donor skin. The ADM graft 
is rich in type-I and type-III collagen and it can 
maintain its ultrastructural acellular matrix in- 
tegrity without provoking inflammatory respo- 
nse in host tissues and immunologic rejection 
due to low immunogenicity. In addition to type I 
collagen, the primary collagen of human skin, 
fetal bovine ADM is rich in type III collagen. Type 
III collagen plays a critical role in the cellular 
activities during tissue formation and regenera-
tion in the early phases of wound healing [20]. 
Endress [14] had used fetal bovine acellular 
dermal xenograft with tissue expansion for st- 
aged breast reconstruction. Their study found 
that fetal bovine ADM significantly reduced 
wound drainage time. 

In this study, the soft tissue healing was un- 
eventful, and no patients had postoperative 
complications except mild pain and/or swelling. 
One month after surgical procedure, the width 
of attached tissue increased significantly, and 
the epithelial cuff around the implant neck 
established very well. At six months and long te- 

Figure 10. A. One year follow-up after the superstructure was completed. B. One year follow-up after the superstruc-
ture was completed, panoramic radiographs revealed bone graft healed well, with good osseointegration. There was 
no bone resorption around implant.
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rm follow-up, the width of attached tissue 
reconstructed by ADM had a little shrinkage, 
but peri-implant tissue health was achieved 
and maintained during the follow-up period. 
The size of ADM graft we selected was bigger 
than the range of defect. 

Traditionally, the autogenous palatal grafts we- 
re stabilized with thick package of iodoform 
gauze and sutured to periosteum and surround-
ing connective tissue. In this study, a resin 
splint was manufactured using temporary abut-
ments to fix the graft and iodoform gauze. The 
splint with thin layer of iodoform gauze facili-
tated dressing changes and monitoring of graft 
healing. The resin splint was fitting to the defect 
reduced wound drainage time and facilitated 
the graft healing. Interim or transition dentures 
at the splint can also be manufactured to less-
en the time without denture (Figure 8B). This 
treatment was also used in the patient with 
edentulous jaw. The vestibular depth could be 
notably increased in these patients. In addi-
tion, the splint size is small enough to minimize 
foreign body sensation in the patient’s oral cav-
ity. In this study, oral hygiene procedures can 
be facilitated by the splint. Finally, all the pa- 
tients were fully satisfied with the aesthetic and 
functional results achieved.

In conclusion, the acellular dermal matrix graft 
could be used to increase the attached gingiva 
around dental implants in patients with maxil-
lofacial defects. And the resin splint screwed to 
dental implants facilitated the healing of graft. 
The patients were fully satisfied with the esthet-
ic and functional results achieved.
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