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O n  r e s e a r c h  a n d  e d u c a t i o n

It is well proven that research and education constitute a positive
feedback system. A recent study among 609 university professors
concluded that educators who carry out frequent research activi-
ties perform significantly better at their teaching activities.1 This is
equally true when seen from the student perspective. Research is
itself a very powerful educational tool. Being involved in research
activities takes students to a level of critical thinking and in-depth
study that can rarely be achieved with other educational methods.
Even more importantly, science itself would certainly benefit from
the involvement of students in research, as they will always bring
with them fresh and challenging ideas and enthusiasm.

For all these reasons, educational plans and educators should ensure
that undergraduate and postgraduate students have the opportunity
to participate in research activities as early as possible.

Dr. David Peñarrocha Oltra
Associate Editor
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Comprehensive rehabilitation 
and natural esthetics  
with implant and orthodontics 
(CRANIO): An interdisciplinary 
approach to missing  
maxillary lateral incisors

Abstract

B a c k g r o u n d

The absence of the maxillary lateral incisors creates a functional and esthe-
tic problem that can be managed with different treatment modalities.

C a s e  p r e s e n t a t i o n

The present case is reported to illustrate an interdisciplinary approach 
involving orthodontics and restorative dentistry to manage the case of a 
24-year-old Caucasian female with agenesis of the maxillary right lateral 
incisor, presence of the maxillary right canine in place of the lateral incisor, 
microdontia of the maxillary left lateral incisor, and midline deviation.
Treatment included space opening and positioning of a 3 mm implant
supporting a single-unit crown, placed using computer-assisted, template- 
guided surgery.

C o n c l u s i o n

Comprehensive interdisciplinary rehabilitation according to the CRANIO 
philosophy was effective in successfully restoring function and esthetics 
in a young female patient affected by congenitally missing maxillary lateral 
incisor.

K e y w o r d s

Interdisciplinary treatment, agenesis, dental esthetics, dental implants, 
guided surgery.
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Introduction

Congenital tooth agenesis is a common dental 
anomaly, with reported incidences of 2.7% to 
12.2%, excluding third molars. In the permanent 
dentition, maxillary lateral incisors are the most 
commonly affected,1 with a prevalence rate of 
between 1% and 4%2 and a female predomi-
nance of approximately 2:1 compared with 
males.3 This anomaly is not usually an isolated 
phenomenon, but is associated with other den-
tal anomalies, such as peg-shaped contralater-
al incisors.1 Therefore, the concurrence of sev-
eral dental anomalies in the same subject results 
in functional and esthetic problems, which may 
in turn affect the patient’s self-confidence and 
social relationships from a very young age. 

Treatment options for missing lateral incisors 
include space opening, followed by the place-
ment of a conventional fixed bridge or a sin-
gle-unit implant-supported crown, and ortho-
dontic space closure with anatomical 
recontouring of the canines.4 Selecting the most 
appropriate therapy is still a challenge. Numer-
ous clinical characteristics must be analyzed, 
such as the patient’s age, occlusal relationships, 
profile, smile line, presence or absence of third 
molars, and size, shape and color of the canines.5

In order to maximize the esthetic and func-
tional results, an interdisciplinary approach in-
volving an orthodontist, an oral surgeon and a 
restorative dentist has become essential. Com-
prehensive rehabilitation and natural esthetics 
with implant and orthodontics (CRANIO) is a 
philosophy based on interdisciplinary treat-
ments to achieve stable occlusion and healthy 
hard and soft tissue and to enhance the natural 
esthetic appearance and subsequent patient 
satisfaction.

The aim of the present study was to describe 
an interdisciplinary approach to a clinical case 
presenting with a missing maxillary lateral inci-
sor treated in two phases: orthodontic space 
opening, followed by placement of a narrow 
3 mm diameter implant and restored with a 
screw-retained lithium disilicate crown ve-
neered on a zirconia abutment.

Case report

A 24-year-old Caucasian female was referred to 
our private clinic to seek a second opinion for 
treatment, with the chief complaint of an unat-
tractive smile and the mobility of the primary 

maxillary right canine. Clinical examination and 
radiographs confirmed the advanced root re-
sorption of the primary maxillary right canine, 
the agenesis of the permanent maxillary right 
lateral incisor, with the presence of the perma-
nent canine in place of the lateral incisor, and 
microdontia of the maxillary left lateral incisor 
(Figs. 1a–c). Intraoral observation revealed an 
Angle Class II relationship of the molars and ca-
nine, an increased overjet, a normal overbite and 
a lower dental midline that was displaced 3 mm 
to the left compared with the upper midline. 

Cephalometric analysis (Dolphin Imaging 
11.7, Dolphin Imaging and Management Solu-
tions, Chatsworth, Calif., U.S.) highlighted a 
mesofacial facial pattern, with a Class II sagittal 
skeletal relationship (Fig. 2). The patient pre-
sented with a symmetrical and proportional face 
and flat facial profile, with the upper lip posi-
tioned 4 mm and the lower lip 2 mm behind the 
Ricketts E-line.

The previously proposed treatment was ex-
traction of the primary canine with space main-
tenance for a future implant rehabilitation and 
canine substitution with a veneer restoration. In 
contrast to this, the alternative treatment pro-
posed was extraction of the primary canine, 
followed by orthodontic space recovery for im-
plant placement in the lateral incisal area, with 
alignment and leveling of the dental arches. The 
option of correcting the Class II relationship 
would have required orthognathic surgery, 
which was refused by the patient.

The patient was initially very skeptical to-
ward such a comprehensive treatment option. 
However, after discussion with both the ortho-
dontist (CL) and implantologist (MT) of the ad-
vantages and disadvantages of all of the avail-
able treatment options, it became clear to the 
patient that the overall advantages of the pro-
posed interdisciplinary treatment, involving or-
thodontic treatment, implant placement and 
prosthetic rehabilitation, would provide im-
proved esthetic and functional results. The dis-
advantages of the proposed treatment were 
related to costs and a longer treatment time.

The orthodontic treatment lasted 18 months. 
After the extraction of the primary canine, full-
arch bonding with a fixed esthetic multibracket 
appliance was performed, and the maxillary 
right canine was strategically bonded with a 
mesial tip back to enhance root control. Skeletal 
anchorage by means of an orthodontic minis-
crew (Aarhus System, American Orthodontics, 
Sheboygan, Wisconsin, U.S.; 1.5 mm diameter, 
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a b

c

Figs. 1a & b

Fig. 1c

Fig. 2

Figs. 1a–c
Preoperative intraoral view: 
frontal (a), right (b) and left (c). 

Fig. 2
Cephalometric analysis.
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a

b

Fig. 3

Fig. 4a

Figs. 4b & c

Fig. 3
Periapical radiograph showing 
the orthodontic miniscrew.

Figs. 4a–c
Orthodontic treatment:  
right (a), left (b)  
and occlusal (c) view.

c

6.0 mm thread length) was used during canine 
retraction with sliding mechanics to avoid side 
effects (i.e., worsening of the molar relation-
ship). Both direct and indirect traction to the 
miniscrew were used with derotation elasto-
meric chains for enhanced control of the final 
crown and root position (Figs. 3 & 4a–c). The 

finishing phase was accomplished with braided 
multistrand stainless-steel 0.018 × 0.025 in. 
arch wires and intermaxillary elastics. An upper 
Hawley plate was used for retention after ap-
pliance removal in the maxillary arch, and a man-
dibular fixed retainer was bonded in the man-
dibular anterior segment. 

https://azadmed.com/
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Figs. 5a & b

Fig. 5c

a b

c

Figs. 5a–c
Virtual plan: frontal (a)  
and sagittal views (b);  
virtual stereolithographic 
surgical template (c).

After orthodontic treatment, the patient under-
went a preoperative cone beam computed tomog-
raphy (CBCT; CRANEX 3Dx, SOREDEX, Tuusula, 
Finland) scan, and diagnostic impressions were 
taken using a polyether material (Impregum, 3M 
ESPE, Seefeld, Germany) with a custom open tray 
(Diatray Top, Dental Kontor, Stockelsdorf, Ger-
many). Furthermore, model casts were poured in 
Type IV stone (Techim Super Stone, Techim Group, 
Milan, Italy) and a diagnostic wax-up was made. 
The STL files derived from the scanned model and 
wax-up were merged with the DICOM data  

derived from the CBCT scan in the same virtual 
implant planning software (NobelClinician, Nobel 
Biocare, Kloten, Switzerland). Virtual planning 
was completed by defining a prosthetically driven 
implant placement. Owing to the reduced space 
between adjacent roots, a 3.0 mm implant was 
planned (Osstem TSIII, Osstem, Seoul, South  
Korea). After careful functional and esthetic eval-
uation and final verification, the approved virtual 
plan was transmitted to a milling center (Nobel 
Biocare) for the production of a stereolitho graphic 
surgical template (Figs. 5a–c).
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Before implant placement, the stereolitho-
graphic surgical template was adapted to the 
master cast. The patient underwent profes-
sional oral hygiene and received prophylactic 
antiseptic (0.2% chlorhexidine for 1 min) and 
antibiotic therapy (2 g of amoxicillin and clavu-
lanic acid). Local anesthetic was administered 
with a 4% articaine solution with epinephrine 
1:100 000 (Ubistein, 3M ESPE). The surgical 
template was placed intraorally in relation to 
the opposing arch using the silicone surgical 
index derived from the mounted casts and sta-
bilized with two anchor pins. A flapless guided 
pilot drill was employed using the surgical tem-
plate, and the continuity of the implant site was 
evaluated with the aid of a periodontal probe 
(PCPUNC156, Hu-Friedy, Milan, Italy). The im-
plant was placed freehand in the planned ana-
tomical site according to a one-stage approach, 
without tissue grafting. The final insertion 
torque was 37.5 N cm (iChiro Pro, Bien-Air  
Dental, Biel, Switzerland).

A new definitive impression of the maxilla 
was made using a polyether material (Imp-
regum) and poured in Type IV stone (Techim 
Super Stone).  This master cast was 
cross-mounted in a semi-adjustable articulator 
and a temporary acrylic restoration was fabri-
cated using a temporary titanium abutment 
(Osstem). The temporary restoration was 
screwed to the implant with prosthetic screws 
tightened according to the manufacturer’s  
instructions (30 N cm) 24 h after implant place-
ment, as directed by an immediate loading 
protocol. The prefabricated temporary acrylic 
restoration was trimmed and polished chair-
side. A nonoccluding occlusal scheme was de-
livered (Fig. 6). After implant placement, the 
patient received oral and written instructions 
regarding medication, oral hygiene mainte-
nance and diet. A periapical radiograph was 
taken with the paralleling technique in order to 
exclude radiolucency or other complications.

The final restoration was delivered three 
months after implant placement. The zirconia 
framework was fabricated using CAD/CAM 
technology (New Ancorvis, Bargellino, Italy) 
and veneered with ceramic. The screw-retained 
definitive restoration was finally attached at 
the torque setting recommended by the man-
ufacturer (30 N cm; Figs. 7 & 8). The occlusion 
was carefully adjusted and the patient was 
recalled every 4 months for hygiene mainte-
nance and annually for occlusal adjustment 
(Figs. 9 &10).

Discussion

In the present report, the case was treated 
successfully with orthodontic space opening 
and prosthetic replacement of the missing 
lateral incisor with a single implant-supported 
crown. This case report aimed to describe the 
novel Osstem TSIII 3.0 mm (Osstem) implant 
used, which allows for the replacement of 
maxillary lateral incisors and mandibular in-
cisors. Prompt diagnosis and an interdisciplin-
ary approach, guided by functional and es-
thetic demands, are essential for the proper 
management of such complex cases. Teenag-
ers with late mixed dentition or newly devel-
oped permanent dentition often seek treat-
ment for the congenital absence of maxillary 
lateral incisors, because, during this period, 
the esthetic problem becomes more evident.

When maxillary lateral incisors are miss-
ing, there are several factors to consider be-
fore treatment with space opening or closure. 
These factors include the type of malocclu-
sion, crowing/spacing, tooth size relation-
ships, canine position, shape and color of the 
canines, and upper lip length.6–8 The choice 
between these two modalities of treatment 
should not be made empirically. In most in-
stances, the presence or absence of major 
occlusal problems serves as the primary cri-
terion for either space closure or space open-
ing.9 Lateral incisal spaces should be closed in 
cases in which malocclusions require the ex-
traction of permanent mandibular teeth.4 
Mandibular extractions may be indicated to 
relieve anterior or posterior arch length defi-
ciency, to reduce mandibular dentoalveolar 
protrusion or to compensate for a Class II  
molar relationship. Some orthodontic patients 
may be missing several permanent teeth, in-
cluding maxillary lateral incisors. If teeth have 
been missing for several years, the remaining 
teeth may have drifted. In these patients, 
ortho dontists and restorative dentists may 
not know what the restorative requirements 
are or what the eventual restorative treatment 
plan should be. For these types of patients, it 
is suggested to predetermine the final occlu-
sal and restorative outcomes by creating di-
agnostic wax setups.10 In addition, the trial 
setup will allow identification of tooth surfac-
es that require functional and esthetic reduc-
tion so that equilibration may be initiated  
either at the beginning of or during the ortho-
dontic treatment. 
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Fig. 6

Figs. 7 & 8

Figs. 9 & 10

Fig. 6
Immediately loaded temporary 
restoration.

Fig. 7
Definitive restoration.

Fig. 8
Periapical radiograph.

Fig. 9
Definitive restoration 1 year 
after implant placement.

Fig. 10
Periapical radiograph 1 year 
after implant placement.
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The diagnosis and treatment of growing children 
with missing lateral incisors can be a problem 
for many clinicians. If the patient and his or her 
parents plan on him or her undergoing implant 
treatment in the future, it is important that the 
majority of vertical facial growth and tooth erup-
tion be completed before implant placement.7 
After completion of growth in body height, se-
quential cephalometric or hand–wrist radio-
graphs verify the cessation of facial growth over 
a time frame of approximately six months to one 
year. The sequence of treatment in cases of 
agenesis of anterior teeth must be carefully ex-
plained to both the patient and his or her parents. 
They must realize that the orthodontic treat-
ment is the beginning of the process, which is 
to be followed by the scheduling of periodontal 
therapy and final restorations. It is crucial that 
all of the treatment options be discussed with 
the interdisciplinary team, just as all of the  
options are explained in the orthodontic treat-
ment phase.

Space closure is recommended for missing 
lateral incisors in subjects with long faces, as it 
is the preferred treatment for preserving arch 
anchorage and avoiding clockwise rotation of 
the lower jaw. In addition, it is the treatment of 
choice in subjects with bimaxillary dental pro-
trusion in order to avoid worsening of the profile 
or in cases of early treatment in adolescents. 
Space closure can also be considered with two 
types of malocclusions: a mandibular anterior 
with severe dental crowding and a Class I mal-
occlusion, for which the first premolars and 
canines are extracted to achieve mesialization 
(thus obtaining a molar and canine Class I), as 
well as a Class II malocclusion without crowding 
and mandibular protrusion. Furthermore, space 
closure may benefit patients with a specific an-
terior relationship, specifically those with an 
increased overjet and reduced overbite. Lastly, 
the presence of third molars is an additional  
factor that would be supported by space closure 
mechanics. The color of the natural canine 
should be approximately that of the central in-
cisor. It is not uncommon for the canine to be 
more saturated with color, resulting in a tooth 
that is one to two shades darker than the central 
incisor.

Space opening (between the canine and cen-
tral incisor) is the second therapeutic option in 
the treatment of missing lateral incisors. Space 
opening and prosthodontic intervention are in-
dicated in low-angle subjects and those with 
retruded profiles in order to improve the labial 

sagittal relationship. It is also the treatment of 
choice in patients with molar Class I or III ten-
dency in order to preserve an ideal occlusal an-
terior and posterior relationship. Space opening 
is also of benefit in cases with a reduced overjet 
and increased overbite. As mentioned previously, 
an important factor that clinicians should con-
sider when deciding on treatment is the patient’s 
age. Space opening is not recommended before 
the age of 13 years in order to prevent the relapse 
and progression of bone atrophy.11 In the case of 
unilateral tooth agenesis, space opening is often 
recommended in order to improve the esthetics 
and preserve smile symmetry.12

According to Magne and Belser, there are 
various subjective and objective criteria for the 
assessment of an ideal smile.13 The midline is an 
imaginary line located at the center of the face, 
perpendicular to the interpupillary line. In a to-
tally symmetrical face, the dental midline and 
the facial midline should coincide, but this is 
often not the case.14 According to Spear et al.,  
a midline deviation greater than 4 mm can be 
detected by the general public,15 whereas a mid-
line deviation of 2 mm remains undetectable by 
laypersons.14

Given these considerations, the choice of 
opening space for the implant in our patient was 
especially influenced by the presence of micro-
dontia of the maxillary left lateral incisor and the 
midline deviation of over 3 mm. 

When examining the esthetics of the ante-
rior teeth and overall smile, the clinician should 
be aware of the morphology of the gingival con-
tours, tooth contacts, tooth morphology and 
tooth size problems. In order to obtain ideal es-
thetic results, worn incisal edges, tooth shape, 
incisal contact, the contours of the gingival mar-
gins, and black triangles should be considered 
before starting orthodontic treatment. The de-
cision to reshape or add tooth structure should 
be evaluated in light of the width-to-length 
ratios of the golden proportion.16 It appears clini-
cally that long, tapered triangular maxillary inci-
sors have thin, arched gingival tissue with a 
longer, delicate papilla and thin bone with a 
smaller incisal contact point. In contrast, rect-
angular-shaped incisors tend to have thicker 
gingiva with a flatter, wider free gingival margin. 
Furthermore, these latter teeth have broad con-
tacts. Generally speaking, the more rectangular 
the teeth, the thicker the alveolus and the  
gingiva that house them.17

Present-day demands and expectations of 
esthetic dentistry are growing. In order to pro-
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vide esthetic anterior tooth shape and correct 
agenesis, patients must be informed of their 
total dental needs, not just those associated with 
a limited specialty. In order to integrate and co-
ordinate treatment, patients need to be offered 
a total treatment approach that maximizes func-
tion, esthetics and oral health. In many common 
dental malocclusions, orthodontic treatment 
alone may not be enough.18

Computer-assisted, template-based implant 
placement may help clinicians to perform suc-
cessful implant therapy, avoiding elevation of 
large flaps or even eliminating flaps completely 
and thereby causing less pain and discomfort to 
patients, particularly in complex cases.19–22 Cor-
rect estimation of the bone condition and the 
implant position and precise drilling into the 
bone according to the preoperative planning 
may be essential in ensuring the successful 
placement of an implant.

Conclusion

Comprehensive interdisciplinary rehabilitation 
according to the CRANIO philosophy was effec-
tive in successfully restoring function and es-
thetics in a young female patient affected by 
congenitally missing maxillary lateral incisor.
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Biological and physical properties  
of bone block grafting biomaterials 
for alveolar ridge augmentation

Abstract

O b j e c t i v e

Bone resorption of maxillary ridges is an unavoidable process that occurs 
after tooth extraction. Many treatment alternatives have been proposed 
to facilitate implant placement in these scenarios. Drawbacks such as 
morbidity, cost and excessive resorption owing to the procedure have 
prompted clinicians to seek biomaterials as an alternative to autogenous 
bone. The objective of this article was to review the current state of the 
art by means of the biological and physical properties of biomaterials used 
for block grafting in atrophic maxillary ridges. Secondly, it was aimed 
herein at presenting the clinical and histological findings when using these 
biomaterials.

M a t e r i a l s  a n d  m e t h o d s

An electronic and manual literature search was conducted by two inde-
pendent reviewers using several databases, including MEDLINE, EMBASE, 
Cochrane Central Register of Controlled Trials and Cochrane Oral Health 
Group Trials Register databases, for articles written in English up to June 
2016. Owing to the heterogeneity of the findings, quantitative assessment 
could not be conducted. As such, a narrative review was carried out on the 
biological and physical aspects of biomaterials used for block grafting.

R e s u l t s

Both allogeneic and xenogeneic block grafts have been developed to over-
come deficiencies of autogenous grafts. Allogeneic block grafts have been 
widely investigated, but there is a lack of long-term follow-up. On the 
contrary, xenogeneic block grafts have only limited scientific evidence of 
their suitability for ridge reconstruction. 

C o n c l u s i o n

Allogeneic and xenogeneic bone block grafts represent a promising alter-
native to autogenous bone for ridge augmentation. Nonetheless, the ev-
idence supporting xenogeneic block graft usage remains minimal; hence, 
more long-term human studies are needed to validate their effectiveness. 
In addition, using prefabricated scaffolds impregnated with growth factors 
provides an interesting field to be further explored.
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Bone grafting, bone biomaterials, allogeneic, xenogeneic, bone substitutes.
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Introduction

After tooth extraction, bone remodeling that 
leads to bone resorption is a common phenom-
enon. Ridge resorption has made grafting pro-
cedures popular in implant and restorative ther-
apy.1–4 These procedures aim at restoring width 
and height for proper 3-D implant placement. 
Numerous treatment alternatives have been 
proposed (e.g., distraction osteogenesis and 
guided bone regeneration with particulated 
bone materials).5 Nonetheless, for extensive or 
severely atrophic ridges, block grafting has been 
advocated to be the most predictable ap-
proach.6, 7

Autogenous bone has been regarded as the 
gold standard for bone reconstruction.8 This can 
be harvested from different locations based 
upon the extension of the atrophic area.8 While 
intraoral bone block grafts (mandibular ramus 
or mental symphysis) can be harvested with a 
less traumatic approach, the amount is often 
limited. However, extraoral bone block grafts 
(calvaria or iliac crest) fulfill the requirements 
in terms of quantity, but they increase the cost 
and lead to some sequelae for the donor site. 
Regardless of the harvesting location, autoge-
nous block grafts might be further classified 
depending on their origin. For example, intra-
membranous grafts (mandibular ramus and 
calvaria bone) have less bone resorption and the 
process of bone remodeling or “creeping sub-
stitution” takes longer9 compared with endo-
chondral bone (iliac crest).10 Hence, it is import-
ant to take this into consideration when planning 
implant treatment so that it will not cause ex-
tensive bone remodeling that threatens the final 
adequate prosthetically driven implant posi-
tion.11, 12

Indeed, autologous bone has osteogenic ca-
pacity;8 in other words, bone can potentially 
grow in between the interface of the graft and 
the host bone. Nevertheless, as already men-
tioned, the drawbacks associated with this ap-
proach have encouraged clinicians to use alter-
natives, such as allogeneic or xenogeneic bone 
blocks.13, 14 These treatment modalities not only 
reduce the possibility of experiencing morbidi-
ty, but also shorten the treatment and, hence, 
increase patient acceptance and satisfaction. 
The mechanism of forming new mineralized 
tissue is mediated by the mesenchymal cells, 
which differentiate into osteoblasts that are 
coordinated by glycoproteins (bone morphoge-
netic proteins).15 Hence, after an inflammatory 

process that ends in gradual substitution, the 
newly formed bone is obtained,16 or in this case 
hard tissue capable of obtaining first implant 
stability and subsequently osseointegration. 

In general, allogeneic and xenogeneic block 
grafts do not contain osteoprogenitor cells and, 
consequently, integration with the native bone 
might be arduous. Promising results have been 
shown in the literature with application of these 
block grafts for bone regeneration.17, 18 Depend-
ing on their origin, they can be either from 
human (cadaver), known also as allografts, or 
from animal origin (equine and bovine), which 
are also called xenografts. Once harvested, the 
grafts must be preserved, and each manufac-
turing company has developed its own process 
that can potentially determine the properties of 
the respective biomaterial. 

The objective of this article was to review 
the biological and physical properties of block 
grafting biomaterials available for bone regen-
eration in atrophic maxillary ridges. Further-
more, the aim was to present the human and 
animal clinical and histological findings of bio-
materials used for maxillary reconstructions.

Materials and methods

I n f o r m a t i o n  s o u r c e s

An electronic literature search was conducted 
by two independent reviewers (AM and HLW) 
of several databases, including MEDLINE, EM-
BASE, Cochrane Central Register of Controlled 
Trials and Cochrane Oral Health Group Trials 
Register databases, for articles written in 
English up to June 2016.

S c r e e n i n g  p r o c e s s

Combinations of controlled terms (MeSH and 
EMTREE) and keywords were used whenever 
possible:

(((((((Alveolar bone atrophy[MeSH Terms]) 
OR alveolar bone loss[MeSH Terms])  
AND bone grafting[MeSH Terms])  
OR allograft[MeSH Terms])  
OR xenograft[MeSH Terms])  
OR biomaterials[MeSH Terms])  
AND block) 
OR onlay

OR

https://azadmed.com/


Journal of
Oral Science & Rehabilitation

20   Volume 3 | Issue 1/2017

B i o m a t e r i a l s  f o r  o n l a y  b o n e  g r a f t s

(((((((("alveolar bone loss"[MeSH Terms]  
OR "alveolar bone loss"[MeSH Terms])  
AND bone graft[Title/Abstract])  
AND block[Title/Abstract])  
OR onlay[Title/Abstract])  
AND biomaterial[Title/Abstract])  
OR allogeneic[Title/Abstract])  
OR allograft[Title/Abstract])  
OR xenogeneic[Title/Abstract])  
OR xenograft[Title/Abstract]  
AND "humans"[MeSH Terms]

Additionally, a manual search of periodontics- 
and implantology-related journals, including the 
Journal of Dental Research, Journal of Clinical 
Periodontology, Journal of Periodontology, and 
International Journal of Periodontics and Restor-
ative Dentistry, from January 2015 up to June 
2016, was performed to ensure a thorough 
screening process. Furthermore, references of 
included articles were screened to check all 
available articles.

B i o m a t e r i a l s ’  p r o p e r t i e s

“Biomaterial” refers, generally speaking, to ma-
terial that has been developed to interact with 
the biological system, acting as a scaffold for 
replacement and repair of, in this case, lost bone. 
Firstly, a biomaterial must be biocompatible, 
which is defined as the capacity that the materi-
al has to elicit an appropriate biological response 
and, thus, not be detected as a foreign body by 
the host. In addition, it must have sufficient du-
rability to carry out the task for which it was de-
veloped. Further, it must be chemically stable 
(neither toxic nor carcinogenic for the host). 

For block grafts used in regeneration, an 
ideal biomaterial, from the cellular and mo   - 
le cular standpoint, must have the following 
properties:

–  Its design enables osteogenic cells to reach the 
entire block by osteoconduction and osteoin-
duction in order to complete the turnover pro-
cess. In order to permit osteoblastic growth and 
mineralized tissue production, the ideal size of
the micropores should be within 180–600 μ.19

This is of crucial importance inasmuch as os-
teoblasts (15–50 μ) and stem cells (5–12 μ) have 
to proliferate guided through the pores.20 The
biomaterial itself must be replaced by vital bone 
(newly formed bone). Therefore, the biomate-
rial’s degradation must be in accordance with
the remodel ing process.

–  The trabeculae-like structures that form the
scaffold must leave enough space for the for-
mation of new vessels by the endothelial cells 
that will supply of all the nutrients and osseous 
cells to the scaffold.

Therefore, as occurs in autogenous bone 
blocks, biomaterials undergo three steps:  
(1) coloni zation of host cells; (2) degradation
of the biomaterial while turnover is occurring; 
and (3) maturation of the newly formed bone
and integration with the recipient site’s bone
(Fig. 1).

However, biomaterials in bone grafting must 
fulfill other properties besides biological ones. 
This will allow the material to interact with the 
host environment and, thus, increase the possi-
bility of bone formation and long-term stability. 
These properties should include:

–  Mechanical properties: Among these proper-
ties are resistance, resilience, stiffness, fragil-
ity, tenacity, ductility and malleability. The
result of the combination of these mechanical 
properties will determine the handling of the
material more than its capacity as scaffold for 
bone regeneration.21 However, it is important
to note that, generally, the stiffer the bioma-
terial is, the longer it lasts due to the more
rigid element.

–  Surface phenomena: It is important to take
into consideration the internal energy, surface 
tension, wettability, and adhesion and cohe-
sion of the biomaterial to be used for bone
regeneration. These properties are in part
responsible for the aggregation and attach-
ment of vital osteogenic cells in a nonvital
structure (scaffold).21

–  Physical properties: Three main properties are 
included within this group:

–  Thermals: thermal expansion, thermal con-
traction, thermal insulation, melting point
and interval;

–  Electrics: electric conductivity, electrical
resistivity and oral galvanism; and

–  Optics: color and appearance.

–  Chemical properties: toxicity, chemical stabil-
ity, half-life, flammability or enthalpy of for-
mation among others.

–  Rheological properties: apparent viscosity,
normal force coefficients, storage modulus,
complex viscosity and complex functions of
nonlinear viscoelasticity.
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Fig. 1
Descriptive illustration of the 
onlay bone grafting procedure. 
In order to be successful,  
the three elements must be 
achieved to ensure a proper 
creeping substitution process.

Fig. 1

Fig. 3
Periapical radiograph showing 
the orthodontic miniscrew.

Figs. 4a–c
Orthodontic treatment:  
right (a), left (b)  
and occlusal (c) view.

V a s c u l a r i z a t i o n

Biomaterials used in bone regeneration lack 
cells, proteins and vessels. In this manner, risk 
of disease transmission is minimized. Therefore, 
cells from the recipient site of the graft carry 
out the process of neoangiogenesis, an essential 
step for successful bone regeneration.22 Neo-
vascularization indeed is fundamental because 
it supplies the avascular scaffold with oxygen 
and the nutrients required for cell growth and 
differentiation.23 Accordingly, newly formed 
bone and resorption of the block graft rely upon 
the neoangiogenesis process. Numerous growth 
factors, such as vascular endothelial growth 
factor (VEGF), fibroblast growth factor (FGF), 
some subgroups of the transforming growth 
factor beta family (TGF- ), transcription factor
to induce hypoxia (HIF), angiopoietin (Ang-1), 
hepatocyte growth factor (HGF), platelet- 
derived growth factor (PDGF-BB), insulin-like 
derived growth factor (IGF-1, IGF-2) and neuro-
trophic growth factor (NGF) are involved in the 
process.24 Accordingly, VEGFs and their recep-
tors are in charge of the molecular and cellular 
cascade inasmuch as they lead the development 
of the endothelial system by vasculogenesis, 
angiogenesis and the lymphatic net. Addition-
ally, VEGFs play a meaningful role in skeletal 
growth and in bone repair and regeneration.25 
Likewise, FGFs are in charge of promoting pro-
liferation and differentiation of endothelial cells 
and fibroblasts. On the contrary, TGFs increase 

extracellular matrix development. HIFs mediate 
the effects of hypoxia on the cells. Ang-1 stabi-
lizes the vessels. However, HGFs act on epithe-
lial and endothelial cells for organ regeneration 
and wound healing. Commonly used as exoge-
nous growth factors in bone regeneration, the 
PDGF family plays an important role in angio-
genesis. IGFs in contrast have endocrine effects 
upon the host. Lastly, NGFs, also known as neu-
rotrophins, maintain nerve cells within the hor-
izontal newly formed bone.26, 27

In bone regeneration using block grafts as 
scaffolds, new tendencies are arising, since, con-
trary to autogenous grafts, early neoangiogen-
esis is essential for biomaterial survival and in-
tegration. In consequence, techniques such as 
the delivery of stem cells and growth factors in 
order to accelerate the process have been close-
ly examined recently with promising results.28 
However, there is still a lack of results to make 
any conclusive statement in this regard. 

T y p e s  o f  b l o c k  g r a f t  b i o m a t e r i a l s

1. Allogeneic block grafts

The use of allografts represents a fair alternative 
to autogenous block grafts, since the blocks are 
harvested from the same species as that of the 
recipient. The first bone allografts were per-
formed in late 19th century by a group of sur-
geons who reconstructed an infected humerus 
with a graft harvested from the tibia of the same 
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patient.29 The establishment of the U.S. Navy 
Tissue Bank in 1990 was a significant influenc-
ing factor for the wide use of bone allografts. 
The use of allografts has continued to increase 
since then.30

Properties
The properties of allograft material are directly 
related to its processing and its precedence.31 
Allogeneic block grafts may be prepared as 
fresh, frozen and freeze-dried. Nowadays, the 
vast majority of grafts are carefully screened, 
harvested, processed and distributed, and this 
is governed by the American Association of Tis-
sue Banks. The risk of disease transmission is 
often minimized through the above process-
es.32, 33 In addition, during graft preparation, the 
antigenic components are carefully removed to 
eliminate any potential host immune response.32

Fresh or frozen allografts retain both osteo-
inductive and osteoconductive capacities, allow-
ing a slightly faster bone turnover than that of 
freeze-dried allografts. However, the risks of 
disease transmission and host reactions are 
slightly increased,34 whereas the immune re-
sponse is reduced in freeze-dried allografts.34 
This is due to the elimination of the cells by em-
bedding the graft in antibiotic wash twice for 1 h 
and then storing it at -70 °C to dry up to 5% of 
the water.35, 36 Another issue to bear in mind is 
that, because of the drying, mechanical proper-
ties are weakened. Hence, microfracture of the 
grafts might easily occur. Consequently, for this 
type of block allograft, rehydration is suggested 
prior to placement in order to regain some of the 
mechanical properties.37 Currently, Zimmer 
Biomet Dental (Carlsbad, Calif., U.S.) has pat-
ented its suitable preparation sequence (Fig. 2). 
This is the Tutoplast process, which includes 
cleaning and ultrasonic lipidization in acetone, 
an osmotic and later oxidative treatment, ending 
with dehydration in sequential acetone baths 
and gamma irradiation.38 The result of this pro-
cess is a greater preservation of the minerals 
and collagen matrix, leading to rapid bone turn-
over.39 

Clinical outcomes
Bone block allografts are a relatively novel al-
ternative to autogenous grafts for horizontal 
and/or vertical bone augmentation of the atro-
phic maxilla (Table 1). In 1999, the first case of 
using an allogeneic block bone graft for bone 
regeneration was reported. In that case, dental 
implants for oral rehabilitation were successful-

ly placed three months after the grafting pro-
cedure.18 Since then, multiple prospective human 
clinical trials have been published demonstrat-
ing proof of principle for this human allograft 
block usage.40–56

From our clinical experience and others’, 
when the human allograft is exposed to the oral 
cavity, it often leads to graft failure.42, 57 More-
over, it has much higher failure rate in the man-
dible than in the maxilla owing to difficulty in 
flap advancement and a thinner soft-tissue bio-
type.58 Failure of a block graft generally occurs 
in the early stages of graft healing.41, 45, 52, 55  
In addition, bone graft resorption occurs during 
healing, which is the same as with autogenous 
grafts. However, greater bone loss occurs at six 
months after placement compared with autoge-
nous bone harvested from the mandibular ramus 
(52.00 ± 25.87% vs. 25.00 ± 12.73%,  respec-
tively).46 A recent systematic review found 
promising results on the use of allogeneic bone 
grafts for horizontal bone augmentation in max-
illae.59 It was shown that not only high graft and 
implant survival rates had been achieved (98.0% 
and 96.9%, respectively), but also that a weighed 
mean of 4.79 mm of horizontal bone had been 
gained over a mean follow-up period of 23.9 
months.

Histological and 
histomorphometric outcomes
Indeed, allogeneic block grafts do not behave 
like autogenous bone from the cellular stand-
point because of the lack of osteogenic potential; 
notwithstanding, respecting a proper healing 
time (more than six months), this biomaterial 
results in similar clinical healing to that of native 
bone40–56 (Figs. 3a–c & 4). Acocella et al. showed 
that, after nine months, a high number of empty 
osteocyte lacunae were still present and that 
more fibrous tissue was present than in the sam-
ples taken previously.40 Additionally, newly 
formed bone (61.96 ± 11.77%) was surrounded 
by nonvital bone with empty osteocyte lacunae. 
At the same time after healing, Contar et al. 
demonstrated a lamellar arrangement around 
Haversian canals interspersed with osteocytes 
in lacunae.43 They also observed that the central 
portions of the grafts showed osteocytes with 
a higher number of empty lacunae.

When histological results are compared  
between groups (allogeneic vs. autogenous), 
behavioral dissimilarities are displayed. Lumetti 
et al. showed that, after six months of healing, 
osteocyte lacunae were mostly empty for the 
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Fig. 2

Figs. 3a–c

Fig. 4

Fig. 2
Scanning electron microscopy 
image of the Puros Block 
Allograft (Zimmer Biomet 
Dental) microarchitecture  
(75× magnification).  
(Courtesy of Zimmer Dental).

Figs. 3a–c
Histological samples of Puros 
Block Allograft six months 
after a regenerative procedure 
of the atrophic maxillae  
(100× magnification [a] and 
400× magnification [b & c]).

Fig. 4 
Histological sample of J-Block 
Puros Allograft six months 
after a regenerative procedure 
for horizontal augmentation  
in atrophic maxillae. Note the 
high amount of newly formed 
bone present, while the 
percentage of remaining 
material is decreased.

 Newly-formed bone
 Non-mineralized tissue

  Remaining allogeneic grafting material
Osteocyte lacunae

a b c
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Author (year) Study design Groups No. of 
patients

No. of sites 
grafted Location of grafted sites Bone augmentation (V/H) Type of bone block graft

Acocella et al. (2012)40 Prospective case series NCG 16 18 Anterior/posterior H Monocortical 
fresh-frozen 

Barone et al. (2009)41 Prospective case series NCG 13 24 Anterior (13)/ posterior (9) H (19)/V (5) Corticocancellous 
deep-frozen

Chaushu et al. (2010)42 Prospective case series NCG 101 90 Anterior (58)/ posterior 
(32) NC Cancellous fresh-frozen

Contar et al. (2009)44 Prospective case series NCG 15 34 Anterior/posterior H Cancellous/cortical 
fresh-frozen

Contar et al. (2011)43 Prospective case series NCG 18 39 Anterior/posterior NC

Cancellous/cortical 
fresh-frozen

Cortical fresh-frozen

Wallace & Gellin (2010)56 Prospective case series NCG 12 16 Anterior/posterior H Cancellous fresh-frozen

Spin-Neto et al. (2013) Prospective case series
AL 13 17

Anterior (14)/posterior (3) H

Corticocancellous 
deep-frozen

AT 13 17 Mandibular ramus

Novell et al. (2012)52 Prospective case series NCG 12 20 Anterior/posterior H/H + V Cortical/cancellous 
fresh-frozen

Deluiz et al. (2013)45 Prospective case series NCG 24 24 Anterior/posterior H Corticocancellous 
fresh-frozen

Nissan et al. (2011)51 Prospective case series NCG 20 28 Anterior H (27)/V (12) Cancellous fresh-frozen

Nissan et al. (2011)51 Prospective case series NCG 31 46 Anterior H (42)/V (27) Cancellous fresh-frozen

Nissan et al. (2008)50 Prospective case series NCG 11 11 Anterior H/V Cancellous fresh-frozen

Lumetti et al. (2012)46 RCT

AL 12 12

Anterior/posterior H

Corticocancellous 
fresh-frozen

AT 12 12 Mandibular ramus

Spin-Neto et al. (2013)55 Prospective case series

AL 6 17

Anterior/posterior H

Cortical fresh-frozen

AT 6 12 Mandibular ramus

Peleg et al. (2010)53 Prospective case series NCG 34 38 Anterior (31)/ posterior (7) H/H + V Corticocancellous 
fresh-frozen

RCT = randomized controlled trial; AL = allogeneic graft; AT = autogenous graft; H = horizontal; V = vertical; Y = yes; N = no; MCA = 
mineralized cortical allograft;  
BBM = bovine bone mineral; NC = not clear; NM = not mentioned; NCG = no control group.

Table 1
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Membrane 
(Y/N)

Additional grafting 
material/growth factor

Healing 
period 

(months)
Resorption (%)

Histological  
analysis

Newly formed 
bone (%) Characteristics

N N 9 11.45 ± 8.37 61.96 ± 11.77

A high number of empty osteocyte 
lacunae were still present and more 

fibrous tissue was present than in the 
samples taken previously. Newly formed 
bone was surrounded by nonvital bone 

with empty osteocyte lacunae.

N Cancellous allograft 
particles 5 NM NM NM

Y N 6 NM NM NM

N N NC NM NM Mature and compact osseous tissue 
surrounded by marrow spaces

N N 9 NM NM

Lamellar arrangement around Haversian 
canals interspersed with osteocytes in 
lacunae. No evidence of inflammatory 
infiltrate. The central portions revealed 

osteocytes with a higher number of 
empty lacunae. 

Y MCA + rhPDGF-BB 5 NM NM NM

Y N 6 NC NM NM

Y

Freeze-dried allograft 
particles

NM NM NM NM

N 8 13.02 ± 3.86 NM

Newly formed bone with osteocytes was 
observed at all of the time points. 

Osteocyte presence was higher at 4 
months. Vessels were also detected 

abundantly in the samples.

Y Particulate BBM 6  NM NM NM

Y Particulate BBM 6 10.00 ± 1.00 NM NM

Y Particulate BBM 6 NM NM NM

Y Particulate fresh-frozen 6

52.00 ± 25.87 NC

Osteocyte lacunae were mostly empty. 
Newly formed bone contained viable 

osteocytes. Bone-forming osteoblasts 
and fluorescent labeling were detected. 

Dense connective tissue with the 
presence of inflammatory cells (WM 

score = 1.67) and eroded areas.

25.00 ± 12.73 NC

Osteocyte lacunae were mostly empty. 
Newly formed bone contained viable 

osteocytes. Bone-forming osteoblasts 
and fluorescent labeling were detected. 

WM inflammatory score = 1.

Y N 7

NM NM

Large segments of necrotic bone with 
empty osteocyte lacunae and little 

osteoclastic activity. Blood vessels were 
invading the Haversian canals of the 

material. No direct contact was found 
between remodeled and grafted bone. 

Some osteoclastic activity surrounded by 
connective tissue with no presence of 

inflammatory cells by newly formed bone 
failed to invade the graft.

NM NM

Small areas of necrotic bone with 
abundant presence of osteocytes. No 

difference between the grafted and the 
host bone.

Y N 4 NM NM NM

Table 1
Studies demonstrating the 
clinical and histological 
characteristics of the 
prospective (cohort and case 
series) testing of allograft 
block grafts for horizontal  
and /or vertical bone 
augmentation of the atrophic 
maxilla.

https://azadmed.com/
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allogeneic block graft group46 and that newly 
formed bone contained viable osteocytes. In 
these samples, bone-forming osteoblasts were 
detected. Dense connective tissue with the pres-
ence of inflammatory cells and eroded areas 
were also reported. Minimal differences were 
shown for the autogenous block graft group, in 
which no connective tissue was found and the 
presence of inflammatory cells was low.  
However, Spin-Neto et al. found major differ-
ences between groups.55 The following histo-
logical characteristics were found to be associ-
ated with allogeneic bone block grafts: (a) large 
segments of necrotic bone with empty osteocyte 
lacunae and little osteoclastic activity; (b) blood 
vessels invading the Haversian canals of the 
material—no direct contact was found between 
remodeled and grafted bone; and (c) some os-
teoclastic activity surrounded by connective 
tissue with no presence of inflammatory cells 
by newly formed bone failed to invade the graft. 
On the contrary, autogenous block grafts pre-
sented small areas of necrotic bone with a higher 
number of osteocytes and a smoother junction 
between the graft and host bed. Therefore, from 
the cellular standpoint, allogeneic block grafts 
in the early stages of healing behave in a differ-
ent manner to autogenous block grafts. 
However, the long-term outcome and differenc-
es remain to be determined.

2. Xenogeneic block grafts

Xenografts, which are derived from a genetical-
ly different species than the host, represent 
another potential alternative to autogenous 
block grafts for bone augmentation. Similar to 
human allografts, the lack of osteogenic capac-
ity makes them less predictable in terms of graft 
incorporation into host bone. In addition, lack of 
human cells turns xenografts into scaffolds with 
no osteoinductive potential. Despite its novel 
applicability as block grafts for augmenting se-
verely atrophied bone, this type of biomaterial 
has been widely used as particulate bone graft, 
showing excellent outcomes by means of space 
maintenance.60–62 Thus far, there is a scarcity of 
literature regarding this biomaterial for onlay 
grafts, and xenogeneic block grafts have been 
used more commonly as inlay grafts. As men-
tioned above, vascularity for this biomaterial is 
even more critical for success and, consequent-
ly, a three-wall defect (as displayed by host bone 
for inlay grafts) often makes this approach more 
reliable. However, an advantage of using xeno-

geneic biomaterial is that, owing to its slow rate 
of resorption, space is better maintained over 
the long term (Fig. 5).63, 64

Currently, two types of xenografts are avail-
able as blocks for bone augmentation: bovine 
and equine. While deproteinized bovine bone 
relies on its acceptability by clinicians, equine 
bone has shown to be less fragile to fracture.65 
However, as mentioned, more studies are need-
ed to verify the viability of this type of biomate-
rial in comparison to autogenous or allogeneic 
block grafts.

Properties
In contrast to human-derived bone, xenogeneic 
grafts do not have osteoinductive potential. 
Therefore, they are used only as scaffolds for 
space maintenance and cell migration guidance. 
Geistlich Bio-Oss (Geistlich Pharma, Wolhusen, 
Switzerland), a bovine-derived biomaterial, is 
the most widely used xenogeneic graft. This 
biomaterial is claimed to have all organic mate-
rial removed, so is nonantigenic. A modified 
Geistlich Bio-Oss block that contains more col-
lagen components for improving its manage-
ability has also been introduced.66 Equine bone 
blocks have recently been introduced and have 
shown to provide an improved scaffold for cases 
of severe atrophy owing to this bone’s natural 
trabecular structure.67

Xenogeneic biomaterials, albeit not posing 
osteoinductive potential, are claimed to serve 
as slow-resorption scaffolds capable of promot-
ing bone formation.68, 69 Nonetheless, more 
studies on this material are still needed to better 
understand its overall properties and long-term 
results. 

Clinical outcomes
As mentioned before, studies on xenogeneic 
block grafts are limited.8 At this point, only a few 
in vivo studies have been carried out on this bio-
material.66, 67, 70–72 The xenogeneic block graft has 
been advocated for bone augmentation. Steig-
mann presented the first human case report that 
used this biomaterial for horizontal bone aug-
mentation in the maxillary anterior region.85 Li 
et al. successfully used Geistlich Bio-Oss blocks 
for horizontal bone augmentation via a subperi-
osteal tunneling approach.70 This might repre-
sent an alternative approach for placing this 
specific biomaterial owing to the success rate it 
achieved. Despite these preliminary results, we 
still need more evidence to support the use of 
xenogeneic materials for onlay block grafting.
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Regarding xenogeneic graft resorption, Araújo et 
al. in a dog study showed that the Geistlich 
Bio-Oss block graft is capable of retaining its di-
mension with moderate amounts of new bone 
formed at the base of the graft, while autogenous 
block grafts undergo 30% and 50% graft resorp-
tion.71 Likewise, De Santis et al. demonstrated 
superior volumetric stability of deproteinized 
bovine bone mineral compared with autogenous 
block grafts harvested from the mandibular 
ramus in a dog study (0.2 mm vs. 0.9 mm of hor-
izontal resorption, respectively).73 

Histological and
histomorphometric outcomes
Animal studies have shown that both bovine 
Geistlich Bio-Oss and equine eHac (Geistlich 
Pharma) blocks demonstrated similar histolog-
ical results. In the early stages of healing, the 
grafts were surrounded by fibrovascular con-
nective tissue with no signs of necrosis, osteol-
ysis or tissue degeneration.66 In contrast, 
Schwarz et al. showed that, after 12 weeks of 
healing, bovine bone had no signs of degrada-
tion, while equine bone presented with an in-
crease in osteoclasts and multinucleate giant 

cells.67 Additionally, it was shown that the 
amount and extent of bone ingrowth was 
higher for equine bone blocks, although this was 
not of statistical significance. Moreover, Araújo 
et al. evidenced the lesser osteogenic capacity 
of xenogeneic blocks, compared with autoge-
nous grafts, by means of mineralized tissue 
(47.5 ± 5.0% vs. 23.3 ± 3.0%, respectively).17 
Similarly, findings by De Santis et al. illustrated 
the poor incorporation of the block graft into the 
pristine bone for horizontal ridge augmentation, 
demonstrating that, while 77% of the autoge-
nous bone presented with vital mineralization, 
only 5.9% of the deproteinized bovine bone 
could be identified as new bone formation.73 
Therefore, it depends upon the clinician’s judg-
ment regarding whether it is preferable to main-
tain the space or improve predictability by en-
suring faster bone turnover.

F u t u r e  d i r e c t i o n s

In order to facilitate bone graft adaptation, speed 
up the surgical procedure and limit any potential 
graft mobility or dead space, prefabrication of 
graft scaffolds using advanced computed 

Fig. 5 
Scanning electron microscopy 
image of pore morphology  
of cancellous bovine bone 
(50× magnification) by  
Dr. Michael Bufler. (Courtesy 
of Geistlich Pharma, 2014)

Fig. 5



Journal of
Oral Science & Rehabilitation

28   Volume 3 | Issue 1/2017

B i o m a t e r i a l s  f o r  o n l a y  b o n e  g r a f t s

References

tomography is the next wave of bone regener-
ation and repair.74, 75 The idea of these scaffolds 
for bone regeneration is based upon their ability 
not only to maintain space, but also to create a 
3-D graft structure that mimics the body’s own 
extracellular matrix into which cells attach, mi-
grate and proliferate.76, 77 The porosity in such a 
scaffold biomaterial is important because it
allows the transport of nutrients and facilitates 
tissue ingrowth. Hollister et al. proposed that
the ideal scaffold should possess the following
four properties: form, function, fixation and for-
mation.74 Wagoner Johnson and Herschler fur-
ther pointed out that scaffolds should possess
biocompatibility, conductivity, bioactivity,
osteo inductive and interconnected porosity.78

Hence, synthetic scaffolds are currently being
studied in animal models and in vitro.79–84 The
application of gene therapy (mesenchymal stem 
cells or human-derived growth factors) via pre-
fabricated scaffolds is the focus of much re-
search at present because growth factors can
be used to accelerate the wound-healing process 
and to promote mesenchymal stem cell migra-
tion and maturation.

Conclusion

Allogeneic and xenogeneic bone block grafts 
represent promising alternatives to autogenous 
bone for ridge augmentation. Nonetheless, the 

evidence supporting the use of xenogeneic block 
grafts remains minimal; hence, more long-term 
human studies are needed to validate their 
effectiveness. In addition, using prefabricated 
scaffolds impregnated with growth factors pro-
vides an interesting field to be further explored.
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Retrospective analysis  
of periimplantitis therapy 
of 158 implants

Abstract

O b j e c t i v e

The objective of the retrospective analysis was to evaluate the efficacy of 
periimplantitis treatment up to a five-year observation period. 

M a t e r i a l s  a n d  m e t h o d s

Patients treated for periimplantitis between 2009 and 2015 were includ-
ed. Before therapy, the patients underwent professional tooth cleaning, 
defect class diagnosis and thorough mechanical cleaning of the implant 
surface. In the case of intraosseous defects, a deproteinized bovine bone 
mineral and a native bilayer collagen membrane were used according to 
the concept of guided bone regeneration. Retrospectively, plaque index, 
full-mouth bleeding on probing and probing pocket depth were analyzed 
before the therapy and at recall visits up to 56 months after therapy. 

R e s u l t s

Out of 22,724 implants, 107 patients with 158 implants underwent periim-
plantitis therapy and these had been in place for nine months to 15 years. 
Fifteen implants (9.49%) had to be extracted despite therapy. Most of the 
periimplantitis infections had occurred within five years after implantation 
(108 implants; 68.4%). In 45 implants (28.5%), therapy had included 
guided bone regeneration. Before therapy, bleeding on probing was 100%. 
Bleeding on probing was absent in 50.0% of implants at 12 months and 
in 73.1% of implants examined 49–56 months post-therapy. Probing 
pocket depth was reduced from 4.92 ± 1.93 mm before therapy to 
2.67 ± 0.88 mm after 12 months and remained stable up to 56 months 
post-therapy (2.71 ± 0.30 mm). 

C o n c l u s i o n

Using a treatment approach including a presurgical hygiene phase and 
considering the defect morphology, periimplantitis therapy was mostly 
successful in terms of implant survival (90.5%).
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Periimplantitis, oral hygiene, defect class, guided bone regeneration. 
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Introduction

Implant therapy is a well-established method to 
restore missing teeth. However, periimplant tis-
sue infections due to biofilm formation may 
compromise implant survival. The term “periim-
plantitis” describes an inflammatory process in 
the periimplant mucosa with additional signs of 
bone loss.1 Periimplantitis occurs in around 10% 
of implants and 20% of patients.1–3 A very recent 
meta-analysis reported a mean prevalence of 
22% (CI: 14–30%) for periimplantitis.4 

Risk factors for periimplantitis are poor plaque 
control, history of periodontitis, smoking, uncon-
trolled diabetes, periimplant cement residue, 
genetic factors, occlusal overload and history of 
periimplantitis.5, 6 Current strategies for periim-
plantitis therapy include a pretreatment phase 
with professional tooth cleaning, optimization of 
plaque control with prosthesis adjustment if nec-
essary and nonsurgical debridement.7–9 After-
ward, in the surgical phase, a full-thickness flap 
is prepared and the contaminated implant surface 
is thoroughly cleaned. Intraosseous defects can 
be filled using a bone substitute or tissue graft 
material with or without a resorbable membrane. 
The postsurgical protocol includes systemic an-
tibiotic therapy and chlorhexidine rinsing during 
the healing phase, followed by the maintenance 
phase with regular recall visits, ranging from 
three to six months. 

Regenerative surgical therapy has been 
shown to predictably obtain partial to full defect 
fill,10 although the outcome may be influenced 
by the defect morphology11 and implant sur-
face.12 According to the concept of guided bone 
regeneration (GBR), the use of a deproteinized 
bovine bone mineral (DBBM) either with or with-
out a native bilayer collagen membrane (NBCM) 
has been evaluated in various clinical studies and 
demonstrated marked short-term clinical im-
provements and promising long-term results.12–16 
The aim of our retrospective evaluation was to 
analyze the efficacy of the periimplantitis treat-
ment with or without bone augmentation in 
patients over a long-term observation period up 
to five years post-therapy.

Materials and methods

S t u d y  p o p u l a t i o n

The retrospective evaluation included 107 pa-
tients with 158 implants that were treated for 
periimplantitis between 2009 and 2015. Im-

plants had been inserted between 1993 and 
2014 by the same surgeon (JUW) according to 
the manufacturers’ instructions. Implant sys-
tems included Steri-Oss (Nobel Biocare, Zurich, 
Switzerland), CAMLOG implant system (Cylin-
der Line, Screw Cylinder Line, Root-Line, 
SCREW-LINE, SCREW-LINE Promote plus, iSy, 
CAMLOG Biotechnologies, Basel, Switzerland), 
ITI and Straumann implants (Straumann, Basel, 
Switzerland), FRIALIT 2 (Dentsply Sirona, Mann-
heim, Germany), XiVE (Dentsply Sirona), ASTRA 
TECH OsseoSpeed (Dentsply Sirona), IMZ Twin-
Plus (Dentsply Sirona) and ANKYLOS (Dentsply 
Sirona). If necessary, bone augmentation proce-
dures were performed before or during the im-
plantation. After completion of the healing 
phase, the patients were referred back to their 
dentists or prosthodontists for further prosthet-
ic treatment and follow-up. Later on, some of 
those patients were referred to our practice 
again because of periimplantitis.

T h e r a p y 

Before periimplantitis treatment, clinical and 
radiographic evaluation took place. In the case 
of acute inflammation, anti-inflammatories 
were locally applied. Patients underwent pro-
fessional tooth cleaning and periodontal therapy 
in the case of generalized periodontitis.

Periimplantitis was classified and treated in 
accordance with Schwarz et al. (Fig. 1).17, 18 After 
exposing the defects and removing granulation 
tissue, implantoplasty was performed using dia-
monds rotary instruments and Arkansas stones 
finishing burs. Defects were cleaned with ster-
ile saline. Intraosseous defects (defect Classes Ib, 
c, d and e; Fig. 1) were augmented according to 
the treatment protocol using a DBBM (Geistlich 
Bio-Oss spongiosa granules, Geistlich Pharma, 
Wolhusen, Switzerland) and an NBCM (Geistlich 
Bio-Gide Perio, Geistlich Pharma). The surgical 
area was carefully closed, a periodontal wound 
dressing applied (Coe-Pak, GC Europe, Leuven, 
Belgium) and a radiographic evaluation per-
formed. Patients were advised to rinse cautiously 
with chlorhexamed 0.2% (GSK, London, U.K.) 
from the first day postsurgery for one week. 
Antibiotics were given at the discretion of the 
surgeon starting 24 h before surgery until suture 
removal eight days postsurgery. Patients were 
followed up according to a strict recall schedule 
in our practice. If necessary, supplementary 
therapy, such as gingivectomy or implantoplas-
ty, was performed during the follow-up phase. 
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Fig. 1

A n a l y s i s

Both hopeless implants extracted before the 
periimplantitis therapy and implants treated by 
a different dentist with incomplete data were 
not included in our evaluation. Data for the clin-
ical evaluation were retrieved retrospectively 
from the patient files in our practice and includ-
ed plaque index, full-mouth bleeding on probing 
(BOP) and probing pocket depth (PPD). PPD was 
measured from the mucosal margin to the bot-
tom of the probeable pocket mesially, distally, 
orally and vestibularly at the start of the periim-
plantitis therapy and during recall visits in our 
practice at 3, 6, 9, 12, 24, 36, 48 and 49 to 56 
months. In order to evaluate possible risk factors 
for periimplantitis, signs of prosthetic deficien-
cies at the start of the therapy were analyzed, 
as was history of periimplantitis. Additionally, 
patient files were analyzed to identify smoking, 
bisphosphonate intake and diabetic patients at 
the time of implantation. 

In order to analyze the prevalence of periim-
plantitis per indication, implants were allocated 
to one of the following indication classes as de-
fined at the consensus conference of the BDIZ 
EDI, DGI, DGMKG, DGZI and BDO (national 
German dental associations) on Oct. 8, 2014: 
–  Ia: single-tooth replacement in the anterior

area;
–  Ib: single-tooth replacement in the posterior

area;
–  IIa: interdental space;
–  IIb: free-end situation;
–  IIc: greatly reduced residual dentition; and
–  III: edentulous jaw.

In an additional subanalysis, implants inserted 
between 1993 and 2014 were evaluated for pri-
mary indication classes and the rate of explan-
tations. 

S t a t i s t i c a l  a n a l y s i s

The following exploratory tests were performed:

–  To test the null hypothesis of no association
between indication class and the need for im-
plant therapy, the approximate chi-squared
test for association was used. The significance 
level was set at 5%.

–  All pairs of indication classes were tested
against each other using the same chi-squared 
tests. In order to avoid inflation of Type I error 
due to multiple testing, all p-values were
multi plied by the number of such comparisons 
(15; Bonferroni correction).

–  Each indication class was compared to all oth-
er indication classes pooled using the chi-
squared tests already mentioned above. Since 
there were six comparisons, p-values were
multiplied by six (Bonferroni correction) to
account for multiple testing.

Results

Between 1993 and 2014, a total of 22,724 im-
plants were inserted in 9,429 patients in our 
practice and patients were then referred back 
to their prosthodontists or treating dentists for 
prostheses. During the observation period of our 
evaluation (2009–2015), 516 of those patients 

Fig. 1
Defect classes and treatment 
protocol according to Schwarz 
et al.17, 18 
Ia (buccal vertical bone 
dehiscence), 
Ib (buccal dehiscence and 
semicircular bone defect to 
the middle of the implant 
body), 
Ic (buccal dehiscence,  
circular bone defect, 
maintained lingual solid bone), 
Id (buccal and lingual 
dehiscence defects), 
Ie (circular bone resorption, 
buccal and oral compacta 
maintained), 
II (supra-alveolar 
circumferential bone loss).
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Fig. 2

with a total of 637 implants were referred back 
to our practice owing to periimplantitis. Of 
these, 471 implants were deemed hopeless and 
extracted immediately (73.9%). Eight implants 
for which periimplantitis therapy was planned 
had to be extracted at the start of the treatment 
phase. Thus, periimplantitis therapy was initiat-
ed for 158 implants in 107 patients (24.8%). 
Analysis of the original patient files established 
that cemented reconstructions were used in 128 
implants (77.6%) and screw-retained recon-
structions in 37 implants (22.4%). The 158 im-
plants had been in place for nine months to 
15 years (Fig. 2). Most of the periimplantitis 
infections had occurred within the first five 
years after implant insertion (108 implants; 
68.4%). In one implant, this period was retro-
spectively not clearly determinable. Seventy- 
two implants treated with periimplantitis 
therapy were located in the maxilla (45.6%) and 
86 in the mandible (54.4%). The distribution of 
the implantation sites is shown in Figures 3a  
and b. Before the observation period of our eval-
uation, 17 implants had been explanted owing 
to periimplantitis and replaced (10.8%). The 
newly inserted implants developed periimplan-
titis again. 

Of the patients referred back to our practice 
and treated for periimplantitis, 41 were male 
(38.3%) and 66 were female (61.7%). The mean 
age of the 107 patients at the start of the periim-
plantitis therapy was 58 ± 11 (23–85) years. At 
the time of implantation, 18 of the 107 patients 

were smokers (16.8%), three had received bis-
phosphonate treatment (3.80%), five  had dia-
betes mellitus (4.67%) and 81 did present any 
conspicuous medical findings (75.7%), based on 
the original patient files. The following prosthet-
ic deficiencies of the implants were identified in 
25 of the 107 patients (36%): formation of mar-
ginal gaps, overcontouring, overload, insufficient 
biological width, unnecessary splinting and 
cement residue. 

In 52 of the 107 patients (48.6%), generalized 
periodontitis was diagnosed for 79 implants 
(50.0%) and treated accordingly. The distribu-
tion of the periimplantitis defect classes is 
shown in Figure 4. In 45 implants (28.5%), the 
therapy included GBR using a DBBM and an 
NBCM. The remaining 113 implants underwent 
professional tooth cleaning and were treated 
according to the implantoplasty protocol. At the 
start of the periimplantitis therapy, the BOP of 
the 158 implants was 100.0% and the plaque 
index was on average 48.5 ± 26.6% (n = 88).

After initiation of the periimplantitis therapy, 
the mean vestibular PPD of the 158 implants 
was reduced from 4.93 ± 1.94 mm to 
2.67 ± 0.88 mm after 12 months (n = 123) and 
2.71 ± 0.30 mm after 49–56 months (n = 32; 
Figs. 5a & b), therefore on average below the 
level stated for the definition of periimplantitis.9 
Stable PPD reduction was also found for im-
plants with long-term follow-up data 49–56 
months post-therapy (Fig. 6). BOP was absent 
in 50.0% of 58 analyzed implants at 12 months 

Fig. 2
Time after implantation in 
years at start of periimplantitis 
therapy.  
(NA = unknown; n = 158).
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Fig. 3a

Fig. 3b

Fig. 4

Figs. 3a & b
Number of affected implants 
per site: (a) maxilla  
(b) mandible. (n = 158).

Fig. 4
Defect classes at the start  
of periimplantitis therapy 
according to Schwarz et al.17, 27

Figs. 5a & b
(a) Box plot of pocket depth 
preoperatively and three,
six, nine and 12 months after 
the start of periimplantitis 
therapy. (m = mesial; 
v = vestibular; d = distal; 
o = oral; n = 123–158).
(b) Box plot of pocket depth 
after 24, 36, 48, and 49
and more months after the 
start of periimplantitis 
therapy. (m = mesial;
v = vestibular; d = distal;
o = oral; n = 16–158).
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Fig. 5a

Fig. 5b
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after the periimplantitis therapy and in 73.1% of 
26 implants evaluated with long-term data 
available 49–56 months post-therapy (Fig. 7).

During the follow-up period, one treated im-
plant had to undergo additional gingivectomy 
and eight repeated implantoplasties. Despite 
treatment, 15 implants had to be explanted 

during the follow-up period (9.49%), three of 
these in patients with diabetes, one in a smoker 
and two in which the therapy included an 
intraosseous defect treatment. 

Evaluation of the original data files for the 
158 treated implants established that bone aug-
mentation procedures using a DBBM and an 

Fig. 6

Fig. 7

Fig. 6
Pocket depth after 49 and 
more months compared with 
pocket depth at 12 months  
in all treated implants.  
(m = mesial; v = vestibular; 
d = distal; o = oral; 
12 months: n = 158; 49 and 
more months: n = 16).

Fig. 7
Number of implants showing 
BOP before periimplantitis 
therapy and at recall visits up 
to 49 and more months after 
the start of the therapy.  
(n = 8–158).
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NBCM had been performed in 20 implants 
(12.7%) before or simultaneously with the im-
plantation. Autologous bone had been used ad-
ditionally for one of these. No initial augmenta-
tion had been performed in 127 implants (80.4%), 
while this information was not available for 11 
implants (6.96%). The augmentation rate of all 
22,724 implants inserted between 1993 and 
2014 was 31%. In an additional subanalysis, for 
all 22,724 implants, the explantation rate was 
evaluated per implant system (Table 1). Of these, 
1,239 implants were explanted owing to periim-
plantitis (5.45%). The highest rates of explanta-
tions were noted for the CAMLOG Cylinder Line, 
FRIALIT 2 and IMZ TwinPlus. 

Statistical analysis of the null hypothesis of 
no association between indication class and the 
need for implant therapy applying the chi-
squared test yielded a p-value of 0.0056. Thus, 
at the 5% level of significance, the hypothesis 
of no differences across indication classes with 
respect to the need for periimplantitis therapy 
might be withdrawn. Comparing the implant 
indication classes between all 22,724 implants 
and the 158 implants that underwent periim-
plantitis therapy, free-end situations (indication 
Class IIb) tended to be more frequent in the 
periimplantitis group (p = 0.07), while interden-

tal spaces (indication Class IIa) were significantly 
less frequent (p = 0.02). The frequencies of all 
other indication classes were not significantly 
different between all inserted implants and im-
plants that underwent periimplantitis therapy 
(Fig. 8). However, in 2,728 of all 22,724 inserted 
implants (12%), the indication class could not be 
evaluated retrospectively.

Discussion

The retrospective evaluation presented here 
focused on the treatment of patients with im-
plants placed between 1993 and 2014 in our 
practice and later treated again owing to periim-
plantitis. Of the implants that received periim-
plantitis therapy with or without GBR, treatment 
was successful in terms of stable reduction in 
PPD and BOP and implant survival of 90.5%, as 
only 15 of the 158 implants had to be extracted 
despite periimplantitis therapy over the obser-
vation period of our evaluation. 

Our findings are in accordance with several 
reviews reporting successful surgical therapy 
of periimplantitis despite disease progression or 
recurrence.7, 10, 19, 20 A recent meta-analysis com-
pared the results for PPD reduction and radio-

Implant system Number of implants 
inserted

Number of  
explantations

% loss due to 
explantations

ANKYLOS 191 5 2.62

ASTRA TECH 1177 21 1.78

CAMLOG .Cylinder Line 4888 578 11.80

CAMLOG Screw Cylinder Line 1783 63 3.53

CAMLOG ROOT-LINE 289 21 7.27

CAMLOG SCREW-LINE 747 34 4.55

CAMLOG SCREW-LINE Promote plus 8014 105 1.31

CAMLOG iSy 62 2 3.23

Dentegris 6  0.00

FRIALIT 2 2042 234 11.50

IMZ TwinPlus 499 67 13.40

ITI 37 1 2.70

Nobel 11  0.00

Straumann 324 30 9.26

XiVE 2430 53 2.18

Others 155 15 9.68

Implant type not classified 69 10 14.50

Total 22724 1239 5.45

Table 1

Table 1
Distribution of implant 
systems: overall inserted 
implants and implants 
affected by periimplantitis 
between 1993 to 2014.
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graphic bone fill for different surgical approach-
es.19 Greater PPD reduction and radiographic 
bone fill were found when grafting materials 
and membranes were applied compared with 
procedures that used access flaps, debridement 
and resection. In another meta-analysis, great-
er PPD reduction and gain of clinical attachment 
were found when bone grafts and membranes 
were applied compared with a nonsurgical ther-
apy.21 However, regenerative therapy has been 
shown to be more effective in contained, cir-
cumferential intrabony defects than in defects 
with buccal dehiscences or a predominantly 
suprabony component.11 Therefore, in our eval-
uation, a treatment concept considering defect 
morphology according to the classification of 
Schwarz et al. was applied.17, 18 Interestingly, 
36.1% of the implants with periimplantitis pre-
sented with a defect morphology allowing bone 
augmentation procedures. For financial reasons, 
in only 28.5% of the implants did periimplantitis 
therapy include bone augmentation. This includ-
ed defect Classes Ib, c, d and e. The defect mor-
phology of the remaining implants treated for 
periimplantitis corresponded to 55.0% Class II 
and 8.9% Class Ia defects. These defect types 
were therefore treated by anti-infective, resec-
tive therapy only. 

For the regenerative treatment of intraosse-
ous defects, we applied a DBBM and an NBCM. 
Our findings are in accordance with other reports 
that found encouraging results of periimplanti-
tis treatment using a DBBM with or without an 

NBCM. In a case series of 51 consecutively treat-
ed patients who presented with periimplantitis, 
Froum et al. used enamel matrix protein, a com-
bination of a platelet- derived growth factor with 
anorganic bovine bone or mineralized freeze-
dried bone and an NBCM.14 Bone level measured 
by periapical radiographs or bone sounding in-
creased and remained stable up to 7.5 years 
after periimplantitis therapy. Positive results in 
terms of PPD reduction and radiographic bone 
fill after one year were also found using a DBBM 
and an NBCM in intrabony defects with a 
PPD > 5 mm.15 Using a DBBM, Aghazadeh et al. 
reported reduced PPD after 12 months and a 
higher likelihood of radiographic defect fill com-
pared with autogenous bone.13 In two other 
studies, a significant defect reduction was 
achieved using a DBBM in implants with crater- 
like defects at the one-year follow-up.12, 16 These 
results, together with the data of our retrospec-
tive evaluation, demonstrate that periimplanti-
tis treatment using a DBBM and an NBCM in 
defects with suitable defect morphologies may 
be clinically effective. 

In our retrospective evaluation, only a quar-
ter of the implants affected by periimplantitis 
underwent therapy while all other implants were 
regarded as hopeless and explanted. We support 
recommendations of other authors to include 
patients with implants in a strict maintenance 
program7, 8 as poor oral hygiene is a well-known 
risk factor for periimplantitis.6 However, this was 
probably not ensured in many of the cases  

Fig. 8Fig. 8
Distribution per indication 
class at the time of implanta-
tion for implants treated for 
periimplantitis compared with 
all inserted implants.  
(All implants: n = 22,724; 
periimplantitis-affected 
implants: n = 158).
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included in our evaluation, as almost half of the 
patients presented with generalized periodon-
titis at the start of the periimplantitis treatment. 
Therefore, periimplantitis may have proceeded 
in many implants to a stage that required ex-
plantation. In fact, a recent analysis demon-
strated that implants provided with prostheses 
delivered by general practitioners were at higher 
risk of moderate and severe periimplantitis.22 

Dentists who follow up on implant patients 
should be sensitized and should be instructed 
to establish strict maintenance programs ac-
cording to consensus statements, especially 
regarding diagnosis of mucositis. Regular clin-
ical monitoring with professional plaque remov-
al and reinforcement of oral hygiene may also 
have been a main factor of the long-term suc-
cess of the 158 implants that received periim-
plantitis therapy in our evaluation.

Simultaneous bone augmentation proce-
dures at the time of implantation may bear high-
er risk of periimplantitis.23, 24 The results of our 
retrospective evaluation, however, established 
that only 12.7% of the implants that received 
periimplantitis therapy had initially been insert-
ed together with bone augmentation. Bone 
augmentation in all 22,724 inserted implants 
was 31%. The results indicate that implants in 
augmented sites are not more susceptible to 
periimplant infection than implants inserted 
without bone augmentation. Nevertheless, 
clear conclusions must first be drawn in clinical 
studies including both hopeless implants and 
implants suitable for periimplantitis therapy. 

Various clinical studies have found smokers 
to be at higher risk of developing periimplant 
infections.6, 25 A meta-analysis by Atieh et al. 
found a significantly higher frequency of periim-
plant disease in smokers (36%).2 This is in ac-
cordance with the results of our retrospective 
evaluation, in which 16.8% of the patients who 
underwent periimplantitis therapy were smok-
ers and 16.7% of the smokers had already 
under gone explantation and re-implantation 
previously. Uncontrolled diabetes and the intake 
of bisphosphonates are two additional risk fac-
tors for periimplantitis.6, 25 In our retrospective 
evaluation, 4.67% of the patients were diabet-
ic and 3.80% received bisphosphonates at the 
time of implantation. Lindhe et al. demonstrat-
ed that 5% of the patients that had undergone 
periimplantitis therapy and 23% of the patients 
in which explantations were performed despite 
the therapy had diabetes.6 These results sup-
port the conclusion that implant patients with 

diabetes are at higher risk and should be in-
formed accordingly. Similarly, bisphosphonates 
have been found to increase the risk of implant 
failure due to impaired implant osseointegra-
tion. However, a review has shown that success-
ful long-term results of implant therapy can be 
achieved in patients despite bisphosphonate 
intake.26 Our retrospective evaluation, however, 
does not provide a clear conclusion for negative 
effects of bisphosphonate intake or diabetes 
mellitus on the long-term survival of implants. 

In an additional subanalysis, the overall ex-
plantation rate of implants placed between 
1993 and 2014 was calculated to be 5.45%. 
Three implant systems presented with a failure 
rate of more than 10%. However, the number 
of periimplantitis patients who were not re-
ferred back and treated elsewhere is not known. 
Therefore, the analysis does not allow for defini-
tive conclusions of the prevalence of periim-
plantitis affecting implants inserted in our prac-
tice.

Conclusion

In our retrospective evaluation, data from pa-
tients who were referred for periimplantitis 
treatment were analyzed. Using a treatment 
approach that included a hygiene phase and that 
considered defect morphology, PPD and BOP 
were improved and remained stable over more 
than four years post-therapy. Retreatments or 
explantations may be necessary and should be 
considered part of periimplantitis therapy. The 
results of our evaluation demonstrated that 
periimplantitis can be treated successfully and 
with good long-term results if a treatment ap-
proach is chosen based on defect morphology 
and on consensus recommendations and if pa-
tients are enrolled in a strict maintenance pro-
gram. However, owing to the retrospective 
character of this evaluation, it is recommended 
that scientifically sound clinical trials be per-
formed to further evaluate the efficacy of the 
periimplantitis treatment described here.
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Bone augmentation of canine 
frontal sinuses using a  
porous -tricalcium phosphate 
for implant treatment

Abstract

O b j e c t i v e

Compared with hydroxyapatite, alpha-tricalcium phosphate ( -TCP) is 
more biodegradable and shows better integration during physiological 
bone remodeling. The objective of this study was to evaluate the effects 
of porous -TCP as a tissue-engineered scaffold for maxillary sinus aug-
mentation in a canine model.

M a t e r i a l s  a n d  m e t h o d s

Porous -TCP was prepared by pulverizing an -TCP block with an 80% 
continuous pore structure. Bilateral sinus floor augmentation surgeries 
were performed on beagle dogs that were randomly divided into two 
groups based on the type of repair: The experimental group received a 
porous -TCP and titanium (Ti) implant, and the control group received 
a Ti implant. Periimplant bone volume (BV) and bone mineral content 
(BMC) were measured and analyzed using micro-computed tomography 
(micro-CT) and Villanueva–Goldner staining for histological examination. 
The intergroup differences were evaluated using the Student’s t-test. 

R e s u l t s

Micro-CT images at 12 weeks after surgery showed higher BV and BMC 
in the experimental group than in the control group (p < 0.05). Histolog-
ical examination showed high levels of -TCP even at four weeks, but 
the scaffolds were completely absorbed and new bone integrated into 
the Ti implants at 12 and 24 weeks. However, no bone formation was 
observed in the control group throughout the study.

C o n c l u s i o n

Porous -TCP increased BV and promoted bone mineralization and ear-
lier bone formation in the augmented maxillary sinus. Therefore, this 
tissue-engineered scaffold might be a better alternative to autologous 
bone for maxillary sinus augmentation.
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Introduction

Implant placement in highly atrophic maxillae has 
been a major challenge in implant dentistry. Sinus 
floor elevation is a preferred option in such situ-
ations. Various maxillary sinus floor augmenta-
tion techniques have been developed for manag-
ing severe bone loss in the maxilla.1–4 However, it 
is important to define the best bone substitute 
for the subsinus cavity after sinus membrane lift 
procedures. Although autogenous bone grafting 
is still considered the gold standard for treatment, 
it has several disadvantages, including the re-
quirement of a second surgery at the donor site 
and limited bone supply.5, 6 Artificial bone grafts 
are promising alternatives to autogenous bone 
grafts.

Synthetic hydroxyapatite (HA) has been 
widely applied in the medical and dental fields 
because of its high biocompatibility and osteo-
conductive properties.7, 8 However, the application 
of HA has to be carefully considered because it is 
poorly displaced by new bone tissue9 and is easily 
adsorbed by bacteria and epithelial cells because 
of its high surface energy.10, 11 Bovine HA is fre-
quently used as a grafting material in sinus lift 
procedures because of its features that resemble 
cancellous bone, complete deproteinization of the 
inorganic component and thus the absence of 
antigenicity.12 Beta-tricalcium phosphate ( -TCP) 
was one of the earliest calcium phosphate com-
pounds used as a bone graft substitute because 
of its high osteoconductivity, tissue compati bility 
and ability to withstand sufficient mechanical 
stress.13 High-temperature TCP, known as -TCP, 
is often prepared by sintering amorphous precur-
sors with the proper composition.14 

Marukawa et al. demonstrated the usefulness 
of self-setting -TCP (BIOPEX-R) in maintaining 
the rigidity of implanted bone screws using maxil-
lary sinus augmentation in rabbits.15 However, a 
drawback of self-setting bone cement is its weak 
mechanical property. In a previous study, we fab-
ricated porous -TCP composites with a contin-
uous small-and-large-pore structure and demon-
strated that the composite created using porous 

-TCP particles and collagen or collagen model 
peptide had enough adaptability for treating skull 
bone defects in miniature pigs.5 However, the 
effectiveness of porous -TCP particles as a graft-
ing material in sinus lift procedures has not yet 
been investigated. The objective of this study was 
to evaluate the effects of porous -TCP as a 
tissue- engineered scaffold using a canine frontal 
sinus model.

Materials and methods

M a t e r i a l  a n a l y s i s

Preparation and characterization of porous 
-TCP particles

Porous -TCP particles with an average diame-
ter of 580.8 μm and porosity of about 80% were 
obtained from Taihei Chemical Industrial (Osaka, 
Japan) and sterilized by dry heating before the 
experiment. A field-emission scanning electron 
microscope (S-4100, Hitachi High-Technologies 
Corporation, Tokyo, Japan) was used to analyze 
particle size, pore distribution and outer surface 
conditions. Before observation, samples were 
coated with platinum–palladium using the 
E-1030 (Hitachi High-Technologies Corporation). 

-TCP particles were characterized using a 
powder X-ray diffraction system (XRD; XRD-
6100, Shimadzu, Kyoto, Japan). XRD patterns 
were obtained with the following parameters: 
40 kV, 30 mA, scan rate of 2°/min and step size 
of 0.05° within a range of 10–60°. Crystal phase 
was characterized using data from the Interna-
tional Centre for Diffraction Data (HA: 9-0432; 

-TCP: 9-0348). X-ray photoelectron spectros-
copy (XPS) measurements were performed to 
determine the surface Ca/P atomic ratios with 
a PHI X-tool (Ulvac-Phi, Chigasaki, Japan) 
equipped with an Al–K  radiation source (15 kV; 
53 W; spot size of 205 μm) at a pass energy of 
280.0 eV, a step size of 0.1 eV and a takeoff angle 
of 45° with 20 scans.

A n i m a l  m o d e l s

The mandibular defect model was established 
using six healthy beagles (2 years old; weighing 
approximately 10 kg) obtained from Hamaguchi 
Animal (Osaka, Japan). The animals were housed 
in a temperature-controlled environment at 
24 °C with free access to food and water. The 
body weight and general health of the animals 
were monitored throughout the study.

- T C P  p a r t i c l e  t r a n s p l a n t a t i o n

The dogs underwent bilateral sinus floor 
augmen tation surgeries and were randomly 
divided into two groups depending on the type 
of repair: The experimental group received a 
porous -TCP and tapered titanium (Ti) implant 
(NovelActive, Nobel Biocare Japan, Tokyo,  
Japan), and the control group received the 
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Figs. 1a & b

Ti implant alone. All procedures in this study 
were approved by the Animal Experiment Com-
mittee of Osaka Dental University and con-
formed to the Guiding Principles for the Use of 
Laboratory Animals (approval No. 14-03015). 
Aseptic surgery was performed under general 
anesthesia (0.5 mg/kg pentobarbital sodium) 
with physiological saline cooling and infiltration 
anesthesia (1.8 mL of 2% lidocaine hydrochloride 
and 1:80,000 epinephrine). The hair from the 
frontal region was removed, and the skin includ-
ing the frontal sinus was incised in the shape of 
an arc. The skin– periosteal flap was detached, 
and the anterior wall of the frontal sinus was 
exposed. Then, an approximately 10 mm wide 
rectangular opening was made in the anterior 
wall of the left and right frontal sinuses using a 
twist drill (Astra Tech, Tokyo, Japan). In addition, 
porous -TCP particles (2.7 cm3) were filled in 
this elevation space. The Ti implant was embed-
ded at a distance of about 5 mm from the bony 
window. The anti- inflammatory agent carprofen 
(Carprodyl VR, Ceva, Libourne, France) was ad-
ministered daily for seven days after the surgery.

R a d i o g r a p h i c  a n a l y s i s

The maxillae were harvested for examination by 
micro-computed tomography (micro-CT; SMX-
130CT, Shimadzu). Blocks of bone specimens 
were mounted on the turntable and scanned at 
105 kV and 30 μA. TRI/3D-BON software 
(RATOC System Engineering, Tokyo, Japan) was 
used to generate a 3-D reconstruction using the 
volume-rendering method for morphological 
assessment. In the 3-D analysis, bone volume 
(BV in mm3) and bone mineral content (BMC in 

mg) were measured using the TRI/3D-BON soft-
ware based on the values obtained. 

H i s t o l o g i c a l  a s s e s s m e n t

After fixation with 10% phosphate-buffered 
formalin, the specimens with the Ti implant were 
dehydrated in ethanol and then embedded in 
acrylic resin (Technovit 7200 VLC, Heraeus 
Kulzer, Wehrheim, Germany). The embedded 
blocks were trimmed using a cutter and ground 
using abrasive paper. Thereafter, the sections 
were further ground to a final thickness of about 
30 μm. Finally, the specimens were stained with 
the Villanueva–Goldner stain and examined 
under a microscope. 

Results

C h a r a c t e r i z a t i o n  
o f  - T C P  p a r t i c l e s

Figure 1 shows the electron micrographs of 
-TCP particles. At low magnification, the -TCP 

particles had an amorphous body with many 
small and large pores (Fig. 1a). At high magnifi-
cation, the -TCP particles had smooth surfac-
es with a pore diameter of approximately 
5–10 μm. The XRD profiles of both intact parti-
cles are shown in Figure 1b. The specific peaks 
of -TCP (indicated by the triangles) were de-
tectable in the XRD patterns of both particles 
(Fig. 2). For XPS, quantitative data of the atom% 
were obtained from the peak areas derived for 
O1s, Ca2p, P2p and C1s, from which the Ca/P 
ratio was calculated and found to be 1.5 (Fig. 3).

Figs. 1a & b
Scanning electron micrograph 
of porous -TCP particles: 
(a) low-magnification image;
(b) high-magnification image.
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Fig. 2

Fig. 3

Fig. 2
XRD pattern of porous  

-TCP particles. Triangles 
show -TCP peaks. 

Fig. 3
Wide X-ray photoelectron 
spectra of porous  

-TCP particles.

R a d i o g r a p h i c  a n a l y s i s

A quantitative imagology analysis of the bone 
window areas of the specimens was carried out 
at four, 12 and 24 weeks using micro-CT (Fig. 4). 
In the experimental group, newly formed bone 
was observed in the area of the bone window; 
however, bone formation reduced between 12 
and 24 weeks. In the control group, the area of 
the bone window was empty, although some 
new bone formation was observed toward the 
edges of the bone window.

B V  a n d  B M C  a n a l y s i s

BV and BMC of each group were determined at 
four, 12 and 24 weeks (Fig. 5). BV and BMC were 
higher in the experimental group than in the 
control group at 12 weeks (p < 0.05). No signif-
icant intergroup differences were observed in 
either analysis at four or 24 weeks (p > 0.05; 
Fig. 5). 
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Fig. 4

Fig. 5

Fig. 4
Micro-CT images acquired  
at four, 12 and 24 weeks after 
surgery. (PA = palatal side;  
NA = nasal side).

Fig. 5
The upper and lower groups 
show BV (mm3) and BMC (mg) 
of each group, reflecting the 
quantity of new bone at four, 
12 and 24 weeks after surgery.

H i s t o l o g i c a l  a s s e s s m e n t

Histological assessments were also performed 
at four, 12 and 24 weeks (Figs. 6 & 7). Histolog-
ical images showed high levels of porous -TCP 
even at four weeks; however, the scaffolds had 
completely absorbed and new bone integrated 
into the Ti implants at 12 and 24 weeks. The 

formation of new bone in the area of the bone 
window reduced between 12 and 24 weeks; 
however, the newly formed bone had changed 
to mature bone (Fig. 6). Although no bone for-
mation was observed in the control group 
throughout the study, some new bone formation 
was observed toward the edges of the bone win-
dow (Fig. 7).
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Fig. 6

Fig. 7

Fig. 6
Low- and high-magnification 
images in the experimental 
group, demonstrating new 
bone formation in the upper 
and lower groups at 4, 12 and 
24 weeks after surgery.  
Red asterisks show the 
residual porous -TCP 
particles. Each black bar of  
the low- and high- 
   magni fication images shows 
1,000 and 500 μm, 
respectively.

Fig. 7
The low- and high- 
magni fication images in the 
control group, demonstrating 
new bone formation in the 
upper and lower groups at  
4, 12 and 24 weeks after 
surgery. Each black bar of the 
low- and high-magnification 
images shows 1,000 and 500 
μm, respectively.

Discussion

-TCP is widely considered an option for use as 
a bone grafting material. However, few studies 
have used porous -TCP particles for sinus lift 
with tissue engineering techniques. In order 
maximize the surface area for cell attachment 
and proliferation, we fabricated the scaffold into 

a highly porous 3-D structure through a rela-
tively simple processing method involving a 
conventional sintering procedure. Previous stud-
ies have used a slurry of -TCP and potato starch 
to produce -TCP that was in a thermodynami-
cally stable phase at temperatures above 
1,100 °C.16 Uchino et al. found that HA formation 
is rarely observed on the surface of porous -TCP 

https://azadmed.com/
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ceramics with 80% porosity.17 In this study, a 
comparison of the scatter plot data of the syn-
thesized -TCP particles with that of -TCP data 
registered with the Joint Committee on Powder 
Diffraction Standards confirmed that these 
peaks appeared at the same angles. In addition, 
the Ca/P ratio of the product was 1.5, which ful-
filled the requirements of the ASTM standards.18

Basic animal research on sinus lift has been 
conducted on dogs, sheep and rabbits.12, 19, 20 The 
canine frontal sinus is a size closer to the human 
maxillary sinus and allows accurate control of a 
large number of experimental models. In addi-
tion, the canine frontal sinus is the largest 
among the canine paranasal sinuses and the 
canine sinus wall is covered with multiple rows 
of ciliated columnar epithelium, as is the human 
maxillary sinus.21 Moreover, the surgeon can 
approach both sides of the frontal sinus through 
a single incision because the left and right fron-
tal sinuses are adjacent to each other. 

In the edentulous jaw and sinus-alveolar 
crest, the distance between the sinus and the 
alveolar bone is important in terms of implant 
treatment. A bone height of around 20 mm is 
required for dental implant treatment; therefore, 
sinus surgery is expected to promote bone for-
mation to a height of more than 20 mm.22 Since 
the vertical length of the human maxillary sinus 
is about 28 mm, the top of the implant projects 
from the maxillary sinus floor into the elevation 
space of 20 mm.21 In this experiment, the top of 
the implant projected into the canine frontal 
sinuses. Therefore, the canine frontal sinus was 
considered a suitable experimental model of 
sinus surgery.

The biological behavior of -TCP-based bio-
materials has been analyzed in several in vivo 
studies.23–25 Kihara et al. performed an in vivo 
test using a rat model to observe the biodegra-
dation process of particles (~300 μm diameter) 
of pure -TCP and found that the residual -TCP 
particles degraded without decreasing the  
volume of the transplantation region.26 Our pre-
vious study evaluated the effects of combining 
poly(Pro-Hyp-Gly) and -TCP particles on bone 
formation in a canine tibial defect model.23 These 
particles did not induce inflammation; moreover, 
complete degradation and remodeling of the 
lamellar bone were observed with their use. 
This, to our knowledge, is the first study to 
inves tigate the effects of porous -TCP as a 
tissue- engineered scaffold for maxillary sinus 
augmentation in a canine model. Although histo-
logical images showed high levels of porous 

-TCP at four weeks, new bone formation had 
already started. Moreover, the porous -TCP 
particles had been completely absorbed and 
replaced with new bone at 12 weeks. New bone 
formation in the area of the bone window re-
duced between 12 and 24 weeks. No bone exists 
originally in the area of the bone window; thus, 
the newly formed bone will be absorbed over 
time. Mechanical stresses, such as occlusion, 
may inhibit the absorption of the newly formed 
bone. Although -TCP was an acceptable bone 
substitute material for augmenting maxillary 
sinus bone formation, it was likely to continue 
increasing and would have been progressively 
replaced over a longer time.27 However, pro-
longed bone augmentation is disadvantageous. 

Conclusion

Sinus floor augmentation is a safe and elegant 
surgical procedure before implant insertion. The 
porous -TCP tested is a biocompatible, osteo-
conductive material that promotes new bone 
formation when used with integrated Ti im-
plants, as demonstrated in this study on a canine 
frontal sinus model. However, the effectiveness 
and safety of this method need to be further 
evaluated before it can be clinically applicable.
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Importance of a preoperative 
radiographic scale for evaluating surgical 
difficulty of impacted mandibular third 
molar extraction

Abstract

O b j e c t i v e

The objectives of the study were to evaluate the correlation between the 
degree of surgical difficulty measured by an established scale and the 
total surgical time, the ostectomy time and the tooth sectioning time, 
and to analyze which of the factors involved had a greater influence on 
total surgical time.

M a t e r i a l s  a n d  m e t h o d s

A presurgical radiographic scale was developed, based on ten parameters. 
Each parameter was scored from 1 to 3, and the individual scores were 
summed. A retrospective analysis using panoramic radiographs was 
performed of patients subjected to surgical extraction of a mandibular 
third molar, with recording of the surgical times. A statistical analysis 
was performed to establish correlations between the study parameters 
and scale and the surgical times.

R e s u l t s

A greater Winter’s distance prolonged ostectomy time and, conversely, 
a greater distance from the mandibular ramus to the distal surface of the 
second molar was observed to shorten ostectomy time. Separate or dys-
morphic root shape increased ostectomy time and total surgical time. 
Total surgical time was longer in the presence of greater coronal width 
and a shorter distance from the ramus to the second molar. The only 
variable correlated to tooth sectioning time was coronal width.

C o n c l u s i o n

 The final score was correlated to ostectomy time and total surgical time. 
Ostectomy time in turn was influenced by Winter’s distance, the distance 
from the mandibular ramus to the second molar, and root shape. Tooth 
sectioning time was influenced by the coronal width of the third molar. 
The parameters with the closest correlation to total surgical time were 
coronal width and the distance between the ramus and second molar. 

K e y w o r d s

Third molar surgery, wisdom teeth, impacted mandibular third molar, 
third molar extraction.
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Introduction

A number of classification systems have been 
proposed for estimating the surgical difficulty 
of impacted mandibular third molar extraction, 
based on preoperative assessment of panoram-
ic radiographs. The traditional classifications are 
those of Pell and Gregory1 and Winter,2 based 
on the depth of the third molar, the relation to 
the mandibular ramus and the anatomical posi-
tion in relation to the longitudinal axis of the 
adjacent second molar. Over the years, different 
modifications of these scales have been pro-
posed with the aim of improving the prediction 
of surgical difficulty. In this regard, Pederson 
proposed a modification of the scale of Pell and 
Gregory that contemplated an additional factor: 
the position of the molar.3 Each variable was 
assigned a score of 1–4 according to its influence 
upon the difficulty of extraction, and these 
scores were then summed to yield a final score 
predicting surgical difficulty: 3–4 (not difficult), 
5–7 (moderate difficulty) and 7–10 (great diffi-
culty). This scale has been widely cited in the 
oral and maxillofacial surgical literature as an 
easy way to predict the surgical difficulty of im-
pacted mandibular third molar extraction.

Cáceres Madroño et al. added further pa-
rameters to the scale of Pedersen, such as man-
dibular height, distal inclination of the second 
molar, size and shape of the dental follicle, and 
development of the roots.4 Peñarrocha et al. in 
turn summed the scores corresponding to peri-
coronal radiolucency, pericoronal space, Win-
ter’s distance and coronal area, and subdivided 
the size and shape of the roots into two separate 
parameters: the length of the root and the type 
of root.5 Each variable was scored from 0 to 2, 
and the individual scores were summed to yield 
a final surgical difficulty score: 0–5 (not diffi-
cult), 6–10 (average difficulty) and over 10 (great 
difficulty). This is one of the scales involving the 
largest number of parameters, and higher scores 
have been shown to correspond to longer ostec-
tomy times and total surgical times—thereby 
confirming the efficacy of the classification.5 

Another clinical and radiographic scale for 
predicting the difficulty of third molar extraction 
was developed by Romero-Ruiz et al., based on 
the classical parameters with the addition of 
integrity of the bone and mucosa covering the 
third molar.6 Minimum surgical difficulty was 
predicted if the tooth was covered only by 
mucosa, while maximum difficulty correspond-
ed to molars fully covered by bone and mucosa.

Predicting the surgical difficulty of impacted 
mandibular third molar extraction is essential 
for treatment planning and helps assess profes-
sional surgical skill, reduces complications, op-
timizes patient preparation, and minimizes post-
operative pain and inflammation.

The present study describes a radiographic 
surgical difficulty scale based on a series of para-
meters and compares it with ostectomy time, 
tooth sectioning time, the presence or absence 
of additional ostectomy, and total surgical time. 
In addition, actual measurements of the radio-
graphic parameters were taken to identify those 
that had the greatest impact upon surgical dif-
ficulty.

Materials and methods

A retrospective study using panoramic radio-
graphs was conducted of patients subjected to 
surgical extraction of an impacted mandibular 
third molar in the Department of Stomatology 
and Maxillofacial Surgery (General University 
Hospital of Valencia, Valencia, Spain), with re-
cording of the following surgical times: ostec-
tomy time and tooth sectioning time (in seconds) 
and total surgical time (in minutes), calculated 
from the start of the incision to the last suture. 
A presurgical radiographic scale was developed 
(Figs. 1-10), based on ten parameters that were 
recorded by three dental students of the Facul-
ty of Medicine and Odontology, University of 
Valencia, Valencia, Spain, using ImageJ software 
(64-bit; developed by the U.S. National Insti-
tutes of Health, Bethesda, Md.)7, with calcula-
tion of the corresponding mean values: inclina-
tion of the third molar, inclination of the second 
molar, pericoronal radiolucency, root radiolucen-
cy, root shape, Winter’s distance, distance be-
tween the ramus and second molar, width of the 
third molar, coronal area and root length.

Calibration was carried out based on the cal-
culation of the distortion of the radiographic 
measurements versus the real measurements 
of the third molar, using radiographic measure-
ments of the diameter and length of 15 impact-
ed mandibular third molars, exported to ImageJ, 
and caliper measurements obtained after ex-
traction of the third molar, respectively. The 
statistical analysis of these dual measurements 
(ImageJ and calipers) showed the distortion co-
efficient to be 0.11.

The final score was obtained by summing 
the individual scores for each parameter, coded 
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a

Figs. 1a–c

Figs. 2a–c

Figs. 3a–c

as follows for statistical processing: 1 = not diffi-
cult (10–16 points), 2 = average difficulty (17–
23 points) and 3 = difficult (24–30 points). The 
data were processed using the SPSS statistical 
package (IBM SPSS Statistics for Windows, Ver-
sion 21.0, IBM, Armonk, N.Y., U.S.). Normal dis-
tribution of the variables was evaluated by the 
Kolmogorov–Smirnov test and was confirmed in 
all cases. Multivariate analysis was performed, 
involving the estimation of a general linear mul-
tiple regression model for the selected response 
variable (time) as a function of the study param-

eters and surgical difficulty scores. The accepted 
level of statistical significance was 5% (  = 0.05).

Results

One hundred patients (41 men and 59 women) 
between 18 and 45 years of age (mean age of 
24.9 ± 6.5 years) were analyzed. Mandibular left 
(n = 49) and right (n = 51) third molars were ex-
tracted. The maximum final score was 27 points, 
with a minimum final score of 13 (mean final 

Figs. 1a–c
Inclination of third molar:  
(a) vertical (1); 
(b) mesial (2); and
(c) distal or horizontal (3). 

Figs. 2a–c
Inclination of second molar:  
(a) mesial (1);
(b) vertical (2); and
(c) distal (3). 

Figs. 3a–c
Pericoronal radiolucency: 
(a) large (1); 
(b) small (2); and 
(c) not visible (3).

a

a

b c

c

c

b

b
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Figs. 4a–c

Figs. 5a–c

Figs. 6a–c

Figs. 4a–c
Root radiolucency:  
(a) large (1); 
(b) small (2); and 
(c) not visible (3). 

Figs. 5a–c 
Root shape: 
(a) single or fused (1); 
(b) separate (2); and
(c)  dysmorphic or

anomalous (3).

Figs. 6a–c 
Winter’s distance: 
(a) < 5 mm (1); 
(b) 5–9 mm (2); and 
(c) > 9 mm (3).

score of 19.4 ± 2.6 points). Extraction was not 
difficult in 14.6% of the patients (10–16 points 
on the surgical difficulty scale), of average diffi-
culty in 79.2% (17–23 points) and difficult in 
6.3% (24–30 points).

The maximum ostectomy time was 180 s, with 
a minimum time of 10 s (mean of 54.4 ± 28.2 s). 
Tooth sectioning was carried out in 74 cases, with a 
mean duration of 73.4 ± 45.7 s (maximum of 284 s). 
The mean total surgical time was 10.8 ± 5.3 min 
(maximum of 30 min and minimum of 4 min).

The mean total surgical time was signifi cantly 
longer in the case of molars with mesial inclina-
tion and in distal or horizontal presentations 
(p = 0.043). There were no great differences on 
comparing inclination of the second molar and 
pericoronal and root radiolucency. However, very 
significant differences were observed on com-

paring root shape with ostectomy time (p = 0.001) 
and total surgical time (p = 0.001; Table 1).

The general linear multiple regression model 
showed the quantitative parameters with the 
greatest influence upon ostectomy time to be 
Winter’s distance and the distance from the as-
cending ramus to the second molar. A greater 
Winter’s distance prolonged ostectomy time and, 
conversely, a greater distance from the mandi bular 
ramus to the distal surface of the second molar 
was observed to shorten ostectomy time. The 
parameters found to be linearly correlated to total 
surgical time were coronal width and the distance 
from the ramus to the second molar. Total surgical 
time was longer in the presence of greater coronal 
width and a shorter distance from the ramus to 
the second molar. The only variable correlated to 
tooth sectioning time was coronal width (Table 2).

a

a

a

b

b

b

c

c

c
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Figs. 7a–c
Coronal width: 
(a) < 10.0 mm (1); 
(b) 10.0–11.5 mm (2); and 
(c) > 11.5 mm (3).

Fig. 8a–c
Distance from mandibular 
ramus to distal surface of the 
second molar: 
(a) 10.5–14 mm (1); 
(b) 8.0–10.5 mm (2); and 
(c) 2.0–8.0 mm (3).

According to the model, higher scores on the 
radiographic scale were associated with longer 
ostectomy time and total surgical time. For each 
additional point increase on the scale, the 
ostectomy time was seen to increase by 2.89 s, 
while the total surgical time increased by 0.56 s.

Discussion

In order to successfully predict the difficulty of 
impacted mandibular third molar extraction, 
consideration is required of the clinical and ra-
diographic findings, which not only help to plan 
surgery, but also to increase patient satisfaction 
with the treatment received. Barreiro-Torres et 
al. underscored the importance of operator 
exper tise in establishing a prior diagnosis of sur-
gical difficulty, since an expert dental profes-
sional tends to underestimate surgery and only 
examine the radiographs—and this in turn can 
lead to a failed estimation of extraction diffi-
culty.8

The various systems developed for estimat-
ing surgical difficulty in extracting impacted 
mandibular third molars are based on preoper-

ative examination of the panoramic radiographs. 
Although the classifications of Pell and Gregory1 
and Winter2 have served as references, some 
authors, such as García-García et al.,9 have found 
the classification of Pell and Gregory to offer 
low sensitivity: It failed to detect many of those 
cases that subsequently proved to be very dif-
ficult when classified with the scale of Parant.10 
This scale,10 in contrast to the presurgical radio-
graphic scale used in the present study, was 
designed to assess the difficulty of extraction 
from the clinical perspective: It is based on the 
need for rating from greater to lesser surgical 
effort, but lacks predictive value. Pedersen3 
added a further factor to the classification of 
Pell and Gregory1—the position of the third 
molar— and predicted surgical difficulty from the 
sum of the individual scores of the scale. 

With the aim of establishing a preoperative 
diagnosis of surgical difficulty, various investi-
gators have proposed scales based on a series 
of clinical and radiographic parameters. Peñar-
rocha et al. added the variables of inclination of 
the third molar and inclination of the second 
molar, pericoronal radiolucency, pericoronal 
space, Winter’s distance, length and type of root, 

Figs. 7a–c

Figs. 8a–c
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a
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b
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c
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Figs. 9a–c
Coronal area:  
(a) 20–75 mm2 (1);
(b) 75–90 mm2 (2); and
(c) 90–130 mm2 (3).

Figs. 10a–c
Root length:  
(a) 3.0–8.0 mm (1);
(b) 8.0–9.5 mm (2); and
(c) 9.5–13.0 mm (3).

and coronal area to the classical variables of Pell 
and Gregory,1 producing the predictive scale with 
the largest number of variables to date, and add-
ing ostectomy time as an indicator of surgical 
difficulty.5 These authors recorded longer ostec-
tomy times in those cases predicted to be the 
most difficult extractions according to their clas-
sification.5 This is consistent with the findings 
of the present study, in which the variables me-
siodistal diameter of the third molar and root 
radiolucency were added to the classification of 
Peñarrocha et al.,5 and ostectomy time, tooth 
sectioning time and total surgical time were also 
considered.

The relationship between the difficulty of 
extraction and the parameters evaluated by the 
various presurgical scales is usually appraised 
on the basis of the total surgical time. The results 
obtained in the present study point to a linear 
relationship between the surgical difficulty score 
and the total surgical time and ostectomy time. 
Santamaría and Arteagoitia demonstrated a re-
lationship between the difficulty of extraction 
and the depth of impaction, the width of the 
periodontal ligament, the inclination of the third 
molar, its relation to the second molar, and the 

distance between the mandibular ramus and the 
second molar.11 According to Yuasa et al., the most 
important variables for assessing the difficulty of 
mandibular third molar extraction are depth  
level C, Class 3 and large roots, or the combination 
of these three factors—all of which can be record-
ed from the panoramic radiographs.12 López  
Arranz underscored the importance of evaluating 
the adjacent teeth: The presence of the first and 
second molars, their anatomical integrity and 
separate roots constitute important support for 
extraction of the third molar.13

In the present study, the mesiodistal dia-
meter of the third molar and the distance 
between the mandibular ramus and the second 
molar were the parameters most closely cor-
related to total surgical time. This was in con-
trast to Carvalho and do Egito Vasconcelos, who 
identified the number of roots and their morpho-
logy, the position of the tooth, the periodontal 
space, and the relation to the second molar as 
the only significant predictors.14 These authors 
associated the greatest surgical difficulty with 
Class 3 cases on the scale of Pell and Gregory.1 
The observations of Yuasa et al.12 and those of 
the present study indicate that long distances 

Figs. 9a–c

Figs. 10a–c
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between the ascending mandibular ramus and 
the distal surface of the second molar (Class 3) 
shorten the surgical time.

Conclusion

In summary, an analysis of the surgical diffi culty 
of impacted mandibular third molar extraction is 
essential for treatment planning and helps assess 
professional surgical skill, reduces compli cations, 
optimizes patient preparation, and minimizes 
postoperative pain and inflammation.

Our scale is effective, since the mandibular 
third molars with the highest scores were signi-
ficantly correlated to longer ostectomy time and 

total surgical time. The strongest predictors of 
ostectomy time were Winter’s distance, the dis-
tance from the mandibular ramus to the second 
molar, and root shape, while the strongest pre-
dictor of tooth sectioning time was coronal 
width. The parameters that influenced total 
surgical time the most were coronal width, 
mesial and distal or horizontal inclination of the 
third molar, separate and dysmorphic or anom-
alous roots, and the distance between the man-
dibular ramus and the second molar.
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Variable Group Mean ostectomy time by 
group (seconds)

Mean total surgical time 
(minutes)

Inclination of third molar
Vertical (1) 
Mesial (2) 

Distal or horizontal (3)

47.7
51.1
63.3

p = 0.141
8.7

10.2
12.9

p = 0.043* 

Inclination of second molar
Mesial (1)

Vertical (2)
Distal (3)

54.1
54.5
53.5

p = 0.996
10.9
10.7
9.0

p = 0.886

Pericoronal radiolucency 
Large (1)
Small (2)

Not visible (3)

48.1
58.0
51.7

p = 0.295
10.6
10.7
10.9

p = 0.993

Root radiolucency 
Large (1)
Small (2)

Not visible (3)

52.9
54.4
56.0

p = 0.939
10.1
11.0
10.9

p = 0.732

Root shape
Single or fused (1)

Separate (2)
Dysmorphic or anomalous (3)

39.4
47.9
67.6

p = 0.001*
8.1
9.5
13.1

p = 0.001*

*p < 0,05; **p < 0,01

*p < 0,05; **p < 0,01

Ostectomy time Tooth sectioning time Total surgical time 

p-value (r) p-value (r) p-value (r)

Winter’s distance 0.025*  (r = 0.232) 0.928 (r = -0.011) 0.406 (r = 0.087)

Coronal width 0.687 (r = -0.042) 0.006**  (r = 0.317) 0.007** (r = 0.276)

Distance from mandibular 
ramus to distal surface of 

second molar
0.009* (r = -0.270) 0.144 (r = -0.172) 0.027* (r = -0.230)

Coronal area 0.143 (r = -0.154) 0.358 (r = 0.109) 0.838 (r = -0.022)

Root length 0.470 (r = -0.077) 0.324 (r = 0.118) 0.157 (r = 0.150)

Table 1
Study parameters with  
the greatest influence upon 
surgical difficulty.

Table 2
Correlation of the quantitative 
parameters to the variable 
time according to the general 
linear multiple regression 
model.

Table 1

Table 2
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Kinesiographic analysis of lateral 
excursive movement on the horizontal 
plane: the retrusive component 

Abstract

O b j e c t i v e

The temporomandibular joint (TMJ) has a functionally complex articulation 
that during phylogeny underwent an adaptation also linked to posture 
change after the acquisition of upright posture and subsequent reduction 
of the postglenoid process. This articulation supports numerous functions 
of the stomatognathic apparatus, and the part physiologically designed to 
withstand greater loads associated with mastication is essentially the 
frontal one; the rear portion of the TMJ is unfit to absorb retrusive forces 
owing to the poor support of the thin bone component and the histological 
characteristics of the tissue component. The purpose of this article was 
to analyze the angles of lateral tracings both on the frontal plane and on 
the horizontal one through kinesiographic analysis (functional masticato-
ry angle of Planas and functional horizontal masticatory angle) in seeking 
to observe their mutual relations with respect to those planes.

M a t e r i a l s  a n d  m e t h o d s

The study was performed on 115 patients who presented with asymmet-
rical laterality movements. The sample was made up of 32 males and 85 
females aged between 17 and 84.

R e s u l t s

Ninety-eight (85%) of the lateral tracings examined showed a consis-
tency between the inclination of the tracings on the frontal and horizontal 
planes. Seventeen (15%) showed an inconsistency between the inclina-
tion of the tracings on the horizontal and frontal planes.

C o n c l u s i o n

The study found a correspondence on the working side between a steep 
laterality on the frontal plane and a posterior trajectory on the horizontal 
plane. The reduction of the steepness of the functional masticatory angle 
of Planas tends to reduce the posteriorization of the functional horizon-
tal masticatory angle, promoting the recovery of alternating unilateral 
masticatory function.

K e y w o r d s

Temporomandibular joint (TMJ), Gothic arch, functional masticatory 
angle of Planas (AFMP), functional horizontal masticatory angle (AFMO), 
masticatory cycle, lateral retrusion Posselt volume.
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Introduction

The phylogenetic evolution has produced a num-
ber of postural changes related to the attainment 
of the upright position, and the TMJ, in its rela-
tionship to the tympanic cavity, has undergone a 
transformation. In fact, while both in anthropo-
morphic and in nonanthropomorphic monkeys, 
the rear portion of the TMJ is bounded posteri-
orly by the postglenoid process1—a bony protu-
berance of marked thickness that delimits and 
separates the mandibular fossa from the tym-
panic cavity2—in Homo sapiens, this process has 
had a progressive thinning, ending in a factual 
disappearance. Therefore, in modern man, the 
rear wall of the mandibular fossa forms the front 
wall of the tympanic cavity. It is a thin layer, 
crossed by a canal (named Huguier’s or Civinini’s 
canal, after the researcher who first described it) 
that connects the two structures.3, 4 The soft- 
tissue that makes up the retrodiscal portion of 
the TMJ is histologically unfit to withstand com-
pressive forces, as the retrodiscal portion of the 
TMJ, richly vascularized and innervated,5 essen-
tially acts as a hydrodynamic support. It is worth 
considering that some of the connective fibers of 
the retrodiscal tissue penetrate the Huguier’s 
canal,6 forming the discomallear ligament and 
reaching the tympanic cavity, attaching to the 
malleus head and neck. In summary, these char-
acteristics make the posterior region of the TMJ 
unsuitable for bearing the functional loads of 
mastication and swallowing, since, under opti-
mum conditions, the condyle should never cause 
excessive compression of retrodiscal tissue. In 
fact, prolonged and constant compressive stress, 
linked for instance to dysfunctional situations, 
determines stresses that tend over time to result 
in reparative fibrotic processes,7, 8 leading to 
structural changes9, 10 responsible for a different 
biomechanical response of the tissue.

The study of mandibular movement on the 
horizontal plane is associated with the interin-
cisal point movement. Gysi in his records11 was 
the first to describe the Gothic arch: In classic 
gnathology the lateral tracings on the horizontal 
plane are described as an anterolateral shift. 
Symmetrical on both sides, the lateral tracings 
on the frontal plane are usually described as an 
anterolateral development. In patients with dys-
function, kinesiographs show as a norm a defor-
mation of the Gothic arch: One of the two later-
al tracings tends to lose the anterolateral 
direction to acquire a tendency to posterioriza-
tion (Fig. 1). Guichet has described a 60° conic 

volume in which the working condyle can shift 
during the lateral excursion.12 The interincisal 
point used in the recording of the Gothic arch 
can be placed geometrically in relation to the 
condyles.13, 14 Mongini has described in the posi-
tion of maximum intercuspation the relation-
ships between the interincisal point and the 
position of the condyles.15 

Through the aid of a kinesiograph during lat-
eral excursion, the tracing of the interincisal 
point on the horizontal plane can be placed in 
relation to the movement of the working con-
dyle: during lateral excursion, the balancing 
condyle always shifts in the anteromedial direc-
tion, while the working condyle can move both 
in the anterolateral direction and in the postero-
lateral one. The interincisal point will have the 
same tendency of the working condyle move-
ment (Fig. 2). The Gothic arch, which highlights 
the excursive interincisal movements of the 
point on the horizontal plane, can be considered 
a horizontal section of a volume defined by 
Posselt with the trajectories of maximum move-
ments of opening, laterality and protrusion.16 
The volume of Posselt can be defined as a 3-D 
perimeter within which the jaw can achieve its 
functional movements.

In patients with dysfunction, an asymmet-
rical Gothic arch, altered and reduced in its de-
velopments, is practically the norm and must be 
interpreted as a planar representation of the 
deformation of the entire Posselt volume (Fig. 3). 
Alternating unilateral mastication allows better 
control of the food bolus and of the forces that 
develop during mastication; from a biomechan-
ical point of view, it tends to symmetrically allo-
cate the distribution of load on the dental, perio-
dontal, bone, joint and muscle structures. This 
alternation of the masticatory cycles is permit-
ted by the symmetry of the functional mastica-
tory angles of Planas (AFMP, angles fonctionnels 
masticatoires de Planas). The AFMPs are the 
angles that are created on the frontal plane 
between the lateral distances and the horizontal 
plane, while the functional horizontal mastica-
tory angles (AFMO) are those that are created 
on the horizontal plane between the lateral dis-
tances and the frontal plane (Fig. 4). In the pres-
ence of a retrusive AFMO, there will be a defor-
mation of the Gothic arch structure (Fig. 1).

The purpose of this work was to analyze the 
angles of lateral tracings, seeking to observe the 
relation of coherence between the frontal plane 
and the horizontal plane (AFMP/AFMO). This 
consistency respects the correspondence 
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Fig. 1

Fig. 2Fig. 1
Kinesiographic tracings: 
dysfunctional Gothic arches.

Fig. 2
Relation between the 
interincisal point movement 
and the working condyle 
movement.
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Fig. 4

Fig. 3 Fig. 3
Posselt diagrams in patients 
with dysfunction.

Fig. 4
Frontal plane: AFMP. 
Horizontal plane: AFMO.

between the front slope of the AFMP and 
anteroposteriority of the AFMO.

Materials and methods

The study was performed on 115 patients who 
presented with asymmetrical lateral excursion 
The sample was made up of 32 males and 85 
females aged between 17 and 84. The instru-
ment used for this study was a Bioket kinesio-
graph (Bioket, S.Benedetto del Tronto, Italy). 
Eligible subjects were placed in a sitting position, 
not on the dental chair, feet with full plantar 
support on the floor. The kinesiographic mask 
was positioned with reference to the horizontal 

plane, and the magnet was placed in an equidis-
tant position with respect to the two detectors 
of the kinesiograph.

Results

Ninety-eight (85%) of the lateral tracings 
examined with respect to the frontal plane 
showed consistent results, demonstrating the 
correspondence between the greater steepness 
of the AFMP and the posteriorization of the 
AFMO. The steepest laterality in the frontal 
plane was found to be the most posterior on the 
horizontal plane. The remaining 17 (15%) tracings 
failed to show this kind of correspondence 

https://azadmed.com/
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between the AFMP and the AFMO. On the 
horizontal plane, the lateral retrusion formed an 
angle with the frontal plane that was given a 
negative value, and the angles formed by latero-
protrusive tracings were given a positive value. 
On the horizontal plane in all of the 98 coherent 
paths, the relationship between the angle of the 
tracing corresponding to that steeper on the 
frontal plane and that corresponding to the less 
steep was always found to be < 1, showing the 
correspondence between a steep AFMP and a 
retrusive AFMO (Fig. 5). The average confirmed 
precisely precisely the correspondence between 
a steep AFMP and a retrusive AFMO: 
A1/B1 = - 0.589432199.

Discussion and conclusion

Planas in defining the AFMP emphasized the 
pattern of unilateral mastication.17 Predominantly 
unilateral mastication usually occurs when there 
is a side of the mouth in which the function can 
be performed with more ease and efficiency 
compared with the contralateral side (Fig. 6). 
Predominantly unilateral mastication tends to 
develop from the side with less steep laterality 
or with a smaller AFMP. The study of laterality 
with a Bioket kinesiograph has permitted to 
highlight also on the horizontal plane the asym-
metry defined by Planas on the frontal plane: 
On the horizontal plane, the side with the less 

Fig. 5

Fig. 6

Fig. 5
Correspondence between 
a steep AFMP and a retrusive 
AFMO  
(always found to be < 1).

Fig. 6
Asymmetric lateral excursion.
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steep AFMP (usually the one with an easy lat-
eral excursion and functionally prevailing mas-
ticatory side) tends to correspond to the side 
with the tracing that is expressed in anteriority 
(Fig. 7) and vice versa. This is referred to as the 
consistency of the tracings of laterality between 
the front and the horizontal planes. 

An AFMO tending to posteriorization is an 
index of laterality with a retrusive component: 
The entry stage of the masticatory cycle (during 
which the masticatory forces reach their maxi-
mum intensity) tends to take place with an un-
favorable condyle–fossa relationship. A lateral 
retrusion tends to create a compression of the 
retrodiscal tissue, hindering proper mastication 

and encouraging mastication on the contralat-
eral side (Fig. 8).

By decreasing the steeper slope and the lat-
eral tracings symmetrizing the AFMP on the 
frontal plane, the retrusion of the corresponding 
AFMO tended to reduce, resulting in a regular-
ization of the Gothic arch and of the Posselt 
volume and favoring the restoration of alternat-
ing unilateral mastication (Fig. 9). Since the 
tracing of the Gothic arch is a horizontal section 
of the Posselt volume, the arch regularization 
determines a volume regularization that allows 
the jaw to move freely in mastication (Fig. 9).

Therefore, analysis of lateral excursion 
movements with evaluation of the prevailing 

Fig. 7

Fig. 8

Fig. 7
Frontal plane: masticatory 
cycles in predominantly 
unilateral mastication on the 
side with the less steep AFMP. 
Horizontal plane: masticatory 
cycles in predominantly 
unilateral mastication on the 
side with the advanced AFMO.

Fig. 8
Unilateral masticatory cycles.
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masticatory side cannot exclude analysis of lat-
eral excursion on the horizontal plane. In kine-
siographic tracings of patients with dysfunction, 
the asymmetries of the AFMP and AFMO (and 
therefore of the Gothic arch and the Posselt 
volume) are largely the norm: Steeper laterality 
on the frontal plane will tend to have a retrusive 
tracing (absolute or relative to the contralateral 
side) on the horizontal plane.

The back thrust of the working condyle in 
lateral retrusive tracings of will tend to be

–  directly proportional to the posteriorization of 
the interincisal tracing;

–  directly proportional to the length of the
tracing— the more the lateral tracing has to
express its posterior movement, the more the 
working condyle will tend to posteriorization
(Fig. 10a);

–  inversely proportional to the vertical compo-
nent of the movement: because the lateral
excursion is expressed on the different spatial 
planes, the vertical component is as if it
tended to stop the retrusive push of the work-
ing condyle (Fig. 10b).

A posterior AFMO (absolute or relative to the 
contralateral side) indicates a difficult, countered 
laterality and will tend to highlight the side with 
problematic masticatory function. Reducing the 

steeper inclination of the AFMP will tend to 
reduce the retrusion of the corresponding 
AFMO, regularizing the Gothic arch and the 
Posselt volume, and this will promote the res-
toration of alternating unilateral mastication.

Acting properly on the occlusal surfaces, we 
are able to influence the whole of the mandi bular 
dynamics by changing not only the movements 
related to occlusal guides, but also the mandi-
bular movements in full, both in the amount of 
maximum openness, in their transverse width 
and in their inclination. Premature contacts or 
interferences that induce retrusion of the 
lateral excursion on the horizontal plane with 
posteriorization of the entry phase of the mas-
ticatory cycle will tend to favor prevalent masti-
cation on the contralateral side. With asymme-
try correction of lateral excursion, we tend to 
decrease the condylar retrusion, expand and 
symmetrize the Gothic arch and the volume 
of Posselt, thus directing the masticatory func-
tion to a physiological alternating unilateral 
mastication.
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Fig. 9
Decreasing the AFMP on the 
frontal plane tended to  
reduce the retrusion of the 
corresponding AFMO on  
the horizontal plane, 
correcting and regularizing  
the Posselt volume.

Figs. 10a & b
Bonwill’s triangle.
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Open-cohort prospective study on early implant 
failure and physiological marginal remodeling 
expected using sandblasted and acid-etched bone 
level implants featuring an 11° Morse taper connection 
within one year after loading

Abstract

O b j e c t i v e

The objective of this study was to evaluate the implant survival and success 
rates as well as the physiological marginal bone remodeling expected 
using Osstem implants.

M a t e r i a l s  a n d  m e t h o d s

This investigation was designed as an open-cohort prospective study on 
completely or partially edentulous patients who received at least one bone 
level implant with a sandblasted and acid-etched surface and an 11° Morse 
taper connection. Outcome measures were the success rates of the im-
plants and prostheses, complications, marginal bone level changes, inser-
tion torque, implant stability quotient, bone density and soft-tissue 
biotype.

R e s u l t s

A total of 243 implants were placed in 90 consecutive patients and fol-
lowed up for a minimum period of one year after loading (mean of 
17.6 ± 2.5 months; range of 12–24 months). Five implants failed in five 
patients, resulting in a cumulative implant survival rate of 97.9%. Insertion 
torque of < 35 N cm was found to be a risk factor for implant failure 
(p = 0.0068). No definitive prosthesis failed, resulting in a cumulative 
prosthetic survival rate of 100%. Four patients experienced one technical 
complication each, resulting in a cumulative prosthetic success rate of 
97.2%. The cumu lative mean marginal bone loss between implant place-
ment and the follow- up one year after loading was 0.37 ± 0.25 mm (95% 
CI: 0.26–0.30). Comparison of marginal bone loss and the investigated 
risk factors found statistically higher marginal bone loss for smokers, a 
thin gingival biotype and guided bone regeneration (p < 0.05).

C o n c l u s i o n

Low implant failure and physiological marginal bone remodeling of 
0.37 mm within one year after loading can be expected using Osstem TSIII 
implants in the daily practice.

K e y w o r d s

Dental implants, bone remodeling, conical connection, survival 
rate, complications.
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Introduction

During the first year of function, a certain 
amount of physiological marginal bone loss 
is expected around a dental implant, both 
horizontally and vertically; thereafter, mini-
mal further bone loss has been observed.1, 2 
Marginal bone loss (MBL) of 1.5–2.0 mm during 
the first year of function has been assumed as 
normal.2 Afterward tissue stability is expect-
ed.2–4 However, the criteria for defining success 
in implant dentistry are under constant debate 
in consensus statements and observational 
studies. Papaspyridakos et al. proposed param-
eters related to soft- and hard-tissue stability 
that can influence the progression of MBL 
around implants, but is not clear whether the 
physiological bone remodeling is prosthesis-re-
lated, host-related, implant-related or load- 
dependent.4 As a result, although numerous 
studies have reported improvements in implant 
design and protocols to minimize this MBL, the 
utilized criteria for success have remained 
unchanged.

Several factors may increase MBL around 
dental implants, including surgical trauma, 
implant– abutment connection type, biological 
width establishment, mucosal tissue thickness, 
keratinized tissue width and bone density.5–7 The 
stress and strain concentrated at the periimplant 
crestal bone result in structural and morpho-
logical changes, especially during the first year 
after loading.7 Hence, the bone remodeling pro-
cess is one of the critical factors in evaluating 
implant success.8 In addition, iatrogenic factors 
may contribute to periimplant MBL, such as im-
plant positioning, implant–abutment microgap, 
lack of passive fit of the superstructure and oc-
clusal overloading.9–13

Many pathological factors, including history 
of periodontitis, smoking, poor plaque control, 
genetic predisposition and diabetes, may pro-
duce an inflammatory reaction around an 
implant; nevertheless, no consensus exists with 
regard to a suitable definition of “periimplantitis” 
based on clinical and radiographic signs and 
symptoms or the best way to manage this 
emerging challenge.13, 14 The American Academy 
of Periodontology in 2013 defined “periimplan-
titis” as an inflammatory reaction associated 
with the loss of supporting bone beyond the 
initial biological bone remodeling around an im-
plant in function.15

The aims of the present study were to report 
the survival and success rates of dental implants 

placed in private practice and representing the 
daily realities of implant treatment, and then to 
determine the entity of the physiological mar-
ginal bone remodeling expected using Osstem 
implants. The data were analyzed to determine 
any statistical relationships between explana-
tory variables and early implant failure and 
physio logical marginal bone remodeling (within 
one year after loading). This study is reported 
according to the Strengthening the Reporting of 
Observational Studies in Epidemiology state-
ment for improving the quality of observational 
studies.16

Materials and methods

This investigation was designed as an open- 
cohort prospective study. All of the surgical and 
prosthetic procedures were performed in a pri-
vate center in Rome, Italy, by an implant-based 
certified clinician (MT) between September 
2014 and December 2016. All of the participants 
were enrolled and treated in consecutive order 
after being informed about the clinical proce-
dures, materials to be used, benefits, and poten-
tial risks and complications, and once their writ-
ten consent had been obtained. This study was 
conducted according to the principles embodied 
in the Helsinki Declaration of 1975, as revised in 
2008.

Any completely or partially edentulous 
patients who received at least one bone level 
implant with a sandblasted and acid-etched sur-
face and a Morse taper connection (Osstem 
TSIII, Osstem, Seoul, South Korea) were consid-
ered eligible for this study, independent of the 
implant and prosthetic protocols used. Exclusion 
criteria were general medical contraindications 
to oral surgery (American Society of Anesthesio-
logists Physical Status Class III or IV), patients 
treated or under treatment with intravenous 
aminobisphosphonates, and previous radio-
therapy of the oral and maxillofacial region 
within the last five years. Patients who were 
diagnosed with active periodontal disease 
(≥ 6 mm probing depth) underwent periodontal 
surgery or initial therapy alone, prior to implant 
surgery.

S u r g i c a l  a n d  
p r o s t h e t i c  p r o t o c o l s

Preoperative photographs, periapical radio-
graphs, panoramic radiographs or cone beam 
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computed tomography (CBCT) scans, and model 
casts were produced for all of the patients, for 
initial screening and case evaluation. Before 
implant placement, all of the patients received 
a single dose of an antibiotic (2 g of amoxicillin 
or 600 mg of clindamycin if allergic to penicillin). 
Prior to the start of surgery, the patients rinsed 
with 0.2% chlorhexidine for 1 min. The patients 
received Osstem TSIII bone level implants with 
a rough surface (Ra of 2.5~3.0 μm) sandblasted 
with alumina and acid-etched and featuring an 
internal hex and 11° conical connection. Implant 
placement was performed using either comput-
er-guided template-assisted implant placement 
or conventional freehand surgery. Most of the 
implants were placed according to the drilling 
protocol recommended by the manufacturer. In 
the case of immediate loading, post- extractive 
implants and poor bone quality, the drilling pro-
tocol was customized (Table 1).

Surgical protocols included placement in 
completely or partially edentulous healed ridges 
with or without bone grafting, as well as in fresh 
extraction sockets using a flapless or a flap ap-
proach. A flapless approach was planned in the 
case of post-extractive implants or in a healed 
site, depending on the width of the available 
keratinized mucosa. In cases of ridge atrophy, 
defined as a bone height of < 7.0 mm and/or bone 
width of < 4.5 mm, implant placement was per-
formed simultaneously with guided bone regen-
eration (GBR). Otherwise, in cases of severe 
ridge atrophy, implant placement was per-
formed six months after bone regene ration. 
Sinus lift procedures were performed using the 
conventional lateral window technique or by a 
less invasive transcrestal sinus floor elevation 
(Crestal Approach Sinus KIT, CAS-KIT, Osstem) 
in the case of a residual alveolar crest of at least 
3 mm (maximum of 8 mm) in height and 6 mm 
in width distal to the canine, measured on a 
CBCT scan. In all reconstructive cases, the bone 
graft material was based on auto genous bone, 
combined with synthetic hydroxyapatite en-
riched with magnesium (SINTlife, Finceramica, 
Faenza, Italy) or with beta- tricalcium phosphate 
(Q-Oss+, Osstem). A resorbable cross-linked 
collagen membrane (OssGuide, Osstem) was 
used to protect the graft material during healing 
in the case of GBR or the lateral window ap-
proach.

In the case of immediate post-extractive im-
plants, residual teeth were extracted as atrau-
matically as possible. Implant insertion was then 
planned along the palatal socket wall, about 

1.5 mm below the buccal alveolar crest. The 
residual socket was grafted with corticocancel-
lous heterologous bone, with a graft particle size 
of 250–1,000 μm (OsteoBiol Gen-Os, Tecnoss, 
Giaveno, Italy). In the case of delayed implants, 
socket preservation was performed with the 
same procedure and the implant was placed four 
months after healing.

Loading protocols varied based on implant 
stability and/or individual case requirements. 
Immediate loading (within 48 h of implant place-
ment) was performed in the case of an implant 
stability of at least 35 N cm and at the patient’s 
request. Titanium temporary abutments or 
titanium or zirconia definitive abutments were 
screwed directly on to the implants or the inter-
mediate abutments (straight or angulated 
multi-abutments, Osstem) with prosthetic 
screws tightened to 15 N cm on the day of  
surgery. Straight or angled multi-abutments  
(Osstem) were used in the case of multiunit res-
torations and screw-retained prostheses and/or 
when there was the need to change the depth or 
the angle of the implant. Prefabricated, screw-re-
tained or cemented temporary acrylic resto-
rations were trimmed and polished chairside. 
Partially edentulous patients received nonocclu-
sal temporary restorations. Multiple implants 
received splinted, metal-reinforced temporary 
restorations with centric contact and group func-
tion, but without any cantilever. If needed, flaps 
were closed around the abutments. Otherwise, 
in the case of a bone augmentation procedure or 
post-extractive implants, a conventional or de-
layed loading protocol (three to six months after 
implant placement) was adopted.17

After implant placement, all of the patients 
received oral and written recommendations on 
medication, oral hygiene maintenance and diet. 
Postoperative antibiotic therapy (1 g of amoxi-
cillin or 300 mg of clindamycin), administered 
every 12 h for six days, was limited to cases with 
immediate socket sites, bone grafting or sinus 
procedures. Analgesics (500 mg of paracetamol 
plus 30 mg of codeine, or 600 mg of ibuprofen) 
were administered as needed.

Final restorations were delivered between 
eight (single or partial crowns and overdentures) 
and twenty weeks (full arches). Final resto-
rations were either screw-retained or cemented. 
Cemen ted restorations were delivered on either 
stock or customized CAD/CAM abutments. All 
of the restorations (metal and zirconia) were 
cemented using a glass ionomer cement (Ketac 
Cem, 3M ESPE, Neuss, Germany). Any cement 

https://azadmed.com/


Journal of
Oral Science & Rehabilitation

Volume 3 | Issue 1/2017   71

P h y s i o l o g i c a l  b o n e  r e m o d e l i n g  o n  O s s t e m  i m p l a n t s

Table 1

remnant was immediately removed using an 
air–water syringe with the patient’s mouth 
closed. After 5 min of setting, the patient was 
clinically and radiographically inspected. Other-
wise, CAD/CAM screw-retained restorations 
were delivered at implant or abutment level. The 
final abutments and screw-retained frameworks 
were screwed on at the torque setting recom-
mended by the manufacturer.

The patients that received cemented resto-
rations were inspected again after three to five 
days. All of the patients were then enrolled in a 
standard implant recall program. Oral hygiene 
maintenance was checked and radiographs were 
taken early after final prosthesis delivery. Occlu-
sion was checked at every appointment. An 
expla natory case is illustrated in Figures 1 to 10.

O u t c o m e s

Primary outcome measures were the success 
rates of the implants and prostheses, evaluated 
by an independent assessor. An implant was con-
sidered a failure if it presented any mobility, as-
sessed by tapping or rocking the implant head 
with the metallic handles of two instruments, 
progressive MBL or infection, and any mechanical 
complications rendering the implant unusable, 
although still mechanically stable in the bone. A 
prosthesis was considered a failure if it needed 
to be replaced with another prosthesis. 

Secondary outcomes were as follows:
–  Complications: Any biological (pain, swelling,

suppuration, etc.) and/or mechanical (screw
loosening, fracture of the framework and/or the 
veneering material, etc.) complications were
evaluated and treated by the same surgeon.

–  Marginal bone levels: The levels were assessed 
using intraoral digital periapical radiographs

(Digora Optime, SOREDEX, Tuusula, Finland; 
photostimulable phosphor imaging plate, size 
2, pixel size of 30 μm, resolution of 17 lp/mm) 
at the subsequent follow-ups: implant place-
ment (baseline), second-stage surgery, defin-
itive crown delivery and one year after loading. 
Intraoral radiographs were taken with the 
paralleling technique by means of a periapical 
radiograph with a commercially available film 
holder (Rinn XCP, Dentsply Rinn, Elgin, Ill., 
U.S.). The radiographs were accepted or rejec-
ted for evaluation based on the clarity of the
implant threads. All readable radiographs
were uploaded to an image analysis software 
package (DfW 2.8, SOREDEX) that was cali-
brated using the known length or diameter of 
the dental implants and displayed on a 24 in.
LCD screen (iMac, Apple, Calif., U.S.) and eval-
uated under standardized conditions (ISO
12646:2004). The marginal bone levels were
determined from linear measurements per-
formed by an independent calibrated exam iner 
on each periapical radiograph, from the mesial 
and distal margin of the implant neck to the
most coronal point where the bone appeared
to be in contact with the implant.

–  Insertion torque. This was recorded at implant 
placement by the same surgeon (MT) using
the iChiropro surgical unit (Bien-Air, Bienne,
Switzerland).

–  Implant stability quotient (ISQ): The measure-
ments were performed at implant placement 
and at the six-month follow-up by the surgeon 
(MT) using resonance frequency analysis
(Osstell Mentor device, Osstell, Gothenburg,
Sweden).

–  Residual alveolar bone quality: This was
assessed during surgery by the same surgeon
(MT) and classified according to the Lekholm
and Zarb classification.

Type Subtype Implant protocol and location

Conventional preparation Healed site

Adapted preparation technique Narrow preparation
Freehand, maxilla required  

immediate loading, post-extractive 
implants, poor bone quality

Halfway preparation Guided surgery, maxilla, 
 immediate loading

Osteotome technique Maxilla, needed to perform 
bone spreading 

Table 1
Drilling protocols.
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Fig. 1

Fig. 2

Fig. 3Fig. 1
Preoperative panoramic 
radiograph.

Fig. 2
Preoperative intraoral 
photograph: lateral view.

Fig. 3
Preoperative intraoral 
photograph: occlusal view.
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Fig. 4

Fig. 5

–  Thickness of the gingival biotype: This was
assessed at the time of surgery using a perio-
dontal probe (PCPUNC156, Hu-Friedy Italy,
Milan, Italy) or a tension-free caliper. The gin-
gival biotype was considered thin if the mea-
surement was 1 mm and thick if > 1 mm.

S t a t i s t i c a l  a n a l y s i s

Patients data were collected in an MS Excel 
spreadsheet. A statistician with expertise in 
dentistry analyzed the data and performed all 
of the statistical analysis using SPSS for Macin-
tosh (Version 22.0; IBM, Chicago, Ill., U.S.). The 
distributions of continuous variables are given 
as mean ± standard deviation, median and 95% 

confidence interval (CI), whereas ordinal and 
dichotomous variables are presented as per-
centages. The implant or the restoration were 
the statistical units of analysis. Differences in 
the proportion of patients with prosthesis fail-
ures, implant failures and complications (dicho-
tomous outcomes) were compared between the 
groups using the Fisher exact test. Differences 
in mean for continuous outcomes (bone level 
and ISQ) were compared at patient level by in-
dependent samples t-tests and one-way analy-
sis of variance, respectively. Comparisons 
between each time point and the baseline mea-
surements were made by paired tests, in order 
to detect any changes in marginal periimplant 
bone levels. All statistical comparisons were 
conducted at the 0.05 level of significance.

Results

A total of 243 sandblasted and acid-etched bone 
level implants featuring an 11° Morse taper con-
nection were placed in 90 consecutive patients 
recruited and treated between September 2014 
and December 2015 and followed for at least one 
year after loading. All of the initially selected pa-
tients were included and no patients dropped out 
of the study. The data of all of the patients were 
evaluated in the statistical analysis.

Fig. 4
Virtual planning. From left to 
right, teeth #47, 46 and 44.

Fig. 5 
Periapical radiograph taken 
after placement of the 
implants.



Journal of
Oral Science & Rehabilitation

74   Volume 3 | Issue 1/2017

P h y s i o l o g i c a l  b o n e  r e m o d e l i n g  o n  O s s t e m  i m p l a n t s

The patients were of both sexes (34 males and 
56 females) and had an average age of 
53.2 ± 15.4 years (range of 24–81 years). All of 
the patients were followed up for a minimum 
period of one year after loading (mean of 
17.6 ± 2.5 months; range of 12–24 months). Most 
of the implants (n = 208) were placed in non-
smoking patients, while 20 implants were 
placed in patients who smoked ≤ 10 cigarettes 
per day and 15 implants in patients who smoked 
> 10 cigarettes per day. The main implant char-
acteristics are shown in Table 2.

Forty-three implants were immediately 
placed in post-extraction sockets (Type 1),18 75 
implants were placed 12–16 weeks after a sock-
et preservation procedure (Type 3)18 and 125 
implants were placed late (more than four 
months after tooth extraction, Type 4).18 For-
ty-nine implants were immediately loaded 
(20.2%) and 76 implants were placed using guid-
ed surgery (32.5%). Overall, 172 implants were 
conventionally placed without bone augmenta-
tion. Nineteen implants were placed in conjunc-
tion with horizontal GBR using a native collagen 
membrane and 1:1 ratio of particulated xenograft 
and autologous bone. Ten implants were placed 
in conjunction with a transcrestal sinus floor 
eleva tion. Three implants were placed with a 
combination of GBR and transcrestal sinus floor 

eleva tion. Thirty-nine immediate implants were 
placed in combination with socket preservation 
procedures.

The overall insertion torque ranged between 
15.0 and 45.0 N cm (mean of 42.9 ± 4.8 N cm). 
Two hundred and three implants (83.5%) were 
placed at an insertion torque ranging from ≥ 35 
to 45 N cm. The definitive restorations were 
delivered 8 to 20 weeks after second-stage sur-
gery (Fig. 11). All of the impressions were taken 
at implant or abutment level with anatomically 
customized light-curing acrylic impression trays 
(Elite LC tray, Zhermack, Badia Polesine, Italy) 
fabricated on a preliminary cast derived from an 
irreversible hydrocolloid impression taken with 
a stock metal impression tray. The impressions 
were made with plaster (Snow White Plaster 
No. 2, Kerr, Orange, Calif., U.S.) in the case of 
edentulous patients or with a polyether material 
(Impregum Penta, 3M Italia, Milan, Italy) for 
single and partial restorations.

Overall, 104 single crowns were delivered in 
67 patients, 20 fixed partial dentures (FPDs) 
supported by two to three implants were deliv-
ered in 16 patients and the remaining 16 patients 
received 19 full-arch restorations supported by 
two to six implants (Table 3). Definitive pros-
theses were screwed on to 168 implants (71 
single crowns, 11 FPDs and 13 full-arch resto-

Figs. 6 & 7

Figs. 8 & 9

Fig. 6
Screw-retained temporary 
restoration placed eight weeks 
after implant placement.

Fig. 7
Try-in of the zirconia-based 
frameworks.

Fig. 8
Delivery of the final 
restoration.

Fig. 9
Intraoral photograph taken 
one year after delivery of the 
definitive restoration.
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rations) and cemented on to the remaining 
61 implants (33 single crowns, nine FPDs and 
one full-arch restoration). Three patients (six 
implants) received overdentures on OT Equator 
attachments (Rhein 83, Bologna, Italy) and two 
patients (eight implants) received overdentures 
fully supported by a titanium CAD/CAM bar 
(New Ancorvis) and OT Equator attachment 
screwed on the top.

Five implants failed in five patients, resulting 
in a cumulative implant survival rate of 97.9% at 
the follow- up one year after loading. All of those 
implants failed before definitive loading. Two 
implants were placed in combination with bone 
augmentation procedures (p = 0.6310), one im-
plant was immediately loaded (p = 1.000) and 
two were placed immediately after tooth ex-
traction (p = 0.2108). Of these, two implants were 
placed using guided surgery (p = 0.6572). No 
statis tically significant differences were found 
(p > 0.05). Two out of seven implants placed at an 
insertion torque of < 35 N cm failed (p = 0.0068).

No definitive prosthesis failed, resulting in a 
cumulative prosthetic survival rate of 100%. 
Four patients experienced one technical compli-
cation each, resulting in a cumulative prosthetic 
success rate of 97.2% at the follow-up one year 
after loading. One zirconia-based, full-arch 
framework, delivered on six implants, presented 
a misfit between the framework and the most 
distal implant at the try-in appointment. The 
framework was remade with no further compli-
cations. One zirconia-based, full-arch, screw- 
retained restoration, delivered on six implants, 
fractured at the bisque bake try-in appointment. 
The restoration was remade with no further 
complications. Two patients with a single 
screw-retained restoration experienced screw 
loosening. The screws were replaced chairside 
with no further complications. One patient ex-

perienced pain and swelling up to 3 weeks after 
implant placement, resulting in a MBL greater 
than 2 mm. Nevertheless, no further pathologi-
cal MBL was experienced.

Most of the implants were placed at crest 
level or a little below. In the case of post- extractive 
implants, they were placed 1.0–1.5 mm below the 
buccal bone plate. At the definitive prosthesis 
delivery, the mean MBL was 0.26 ± 0.25 mm 
(95% CI: 0.27–0.30). The cumu lative mean MBL 
between implant placement and the one year 
after loading follow-up was 0.37 ± 0.25 mm (95% 
CI: 0.26–0.30). The MBL in the interval between 
the definitive prosthesis delivery and the one year 
after loading follow-up was 0.11 ± 0.14 mm (95% 
CI: 0.08–0.10). Overall, 86.8% of the implants 
(n = 211) showed an MBL of ≤ 0.5 mm one year 
after loading, while only three implants showed 
an MBL of > 1.0 mm. Two patients were asymp-
tomatic, while a third patient presented with pain 
without suppuration. This patient was treated 
with an antibiotic and analgesic until the resolu-
tion of the pathology. Eighty-two out of 243 pa-
tients (33.7%) reached the two-year follow-up. 
In this cohort of patients, MBL between the one- 
and the two-year follow- up was 0.05 ± 0.14 mm 
(range of 0.0–0.2 mm; 95% CI: -0.01–0.10).

Comparison of MBL and the investigated risk 
factors found statistically higher MBL for smok-
ers, a thin gingival biotype and GBR. Immediate 
loading and placement of the definitive abutment 
on the day of surgery were found to be protective 
factors, with statistically signifi cantly lower MBL.

Most of the implants (n = 203; 83.5%) 
reached an insertion torque of 45 N cm. The 
other 40 implants were placed at an insertion 
torque ranging from ≥ 35 to < 45 N cm (n = 33; 
13.6%), > 25 to < 35 N cm (n = 4; 1.6%) and 
< 25 N cm (n = 3; 1.3%). No statistically signifi-
cant correlation was found between insertion 
torque and MBL (p = 0.3726).

At implant placement, the mean ISQ value 
was 71.6 ± 5.5 (range of 45–88); At the six-
month follow-up, mean ISQ was 76.7 ± 4.4 
(range of 66–89). The difference was statisti-
cally significant (p = 0.0001).

One hundred and sixty-six implants were 
placed in bone of Type 1 and 2 quality (n = 18). 
The remaining 77 implants were placed in Type 
3 and 4 bone. No statistically significant cor-
relation was found between insertion torque and 
MBL (p = 0.4216). 

A thin gingival biotype was associated with 
higher MBL compared with a thick biotype.  
The difference was statistically significant 

Fig. 10 Fig. 10
Periapical radiograph taken 
one year after delivery of  
the definitive restoration.

https://azadmed.com/
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7.0 mm 8.5 mm 10.0 mm 11.5 mm 13.0 mm TOTAL

Osstem TSIII 
3.0 mm – – – – 4 4

Osstem TSIII 
3.5 mm – 2 6 27 10 45

Osstem TSIII 
4.0 mm 3 2 17 31 14 67

Osstem TSIII 
4.5 mm 3 8 18 8 20 57

Osstem TSIII 
5.0 mm – 1 20 9 – 30

Osstem TSIII 
6.0 mm – 2 11 3 – 16

Osstem TSIII 
7.0 mm – 4 15 5 – 24

TOTAL 6 19 87 83 48 243

Central 
incisors

Lateral 
incisors Canines Premolars Molars TOTAL

Maxilla 26 7 4 45 41 123

Mandible – 15 5 42 58 120

TOTAL 26 22 9 87 99 243

Single  
restoration

Fixed partial 
denture

Overdenture  
on OT Equator

Overdenture 
on titanium bar

Fixed full-arch 
restoration TOTAL

Maxilla 46 9 1 – 7 63

Mandible 58 11 2 2 7 80

TOTAL 104 20 3 2 14 143

Table 2

Fig. 11

Table 3

Table 2
Implant characteristics.

Table 3
Type of restoration.

Fig. 11
Timing of implant placement 
and loading according to the 
surgical and prosthetic 
protocol adopted.

Table 4
Marginal bone loss associated 
with different risk factors.
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p-value

Implant location Maxilla (n = 123) Mandible (n = 120)

0.36 ± 0.29  0.38 ± 0.23 0.7961

Timing of implant placement Post-extractive (n = 43) Delayed (n = 75) Healed site (n = 125)

0.36 ± 0.29 0.37 ± 0.27 0.38 ± 0.30 0.9643

Type of implant placement Guided Conventional freehand

0.36 ± 0.24 0.37 ± 0.26 0.8544

Type of prosthesis retention Cemented (n =  78) Screwed (n =  165)

0.38 ± 0.20 0.36 ± 0.23 0.5135

Type of implant loading Immediate Early/conventional

0.26 ± 0.20 0.40 ± 0.26 0.0003

Bone augmentation 0 (n = 172) 1 (n = 19) 2 (n = 10) 3 (n = 3) 4 (n = 39)

0.35 ± 0.19 0.51 ± 0.50 0.22 ± 0.19 0.23 ± 0.06 0.39 ± 0.27 0.0000

Insertion torque ≤ 35 N cm (n = 40) ≥ 35–45 N cm (n = 203)

0.42 ± 0.44 0.36 ± 0.21 0.3726

Bone density Types 1 and 2 (n = 166) Types 3 and 4 (n = 77)

0.36 ± 0.23 0.39 ± 0.31 0.4216

Smoking Nonsmoker (n = 222) Smoker, ≥ 10 cigarettes per day (n = 21)

0.35 ± 0.22 0.48 ± 0.38 0.0098

Immediate abutment Yes (n = 26) No (n = 217)

0.25 ± 0.19 0.38 ± 0.26 0.0113

Gingival biotype Thin (n = 78) Thick (n = 165)

0.43 ± 0.27 0.34 ± 0.25 0.0307

Table 4
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(p = 0.0307). All of the radiographic compari-
sons are reported in Table 4.

Discussion

The aim of this prospective open-cohort study 
was to investigate, over a 1 year after loading  
period, the implant survival and success rates of 
sandblasted and acid-etched bone level implants
featuring an 11° Morse taper connection placed 
in private practice, and to evaluate the physiolog-
ical marginal bone remodeling among subgroups 
of exposed and unexposed subjects. The main 
limitation of the present study was the short fol-
low-up period. Nevertheless, one year after load-
ing is sufficient to evaluate the physio logical 
marginal bone remodeling that was the main 
topic of this research.

In the present study, five out of 243 implants 
failed over a period of one year after loading, 
resul ting in a cumulative implant survival rate of 
97.9%. No definitive prosthesis failed. One bio-
logical and four technical complications were 
experienced, resulting in a cumulative prosthetic 
and implant success rate of 97.2 and 99.6%, 
respec tively.

The major clinical conclusion of the present 
research was that the physiological marginal 
bone remodeling using Osstem TSIII implants 
(Osstem) was 0.37 mm within one year after 
loading, independent of the surgical and pros-
thetic protocols. Subgroup analysis showed that 
smoking, a thin tissue biotype and GBR were 
associated with a statistically significantly 
higher MBL. This supports Sgolastra et al.’s con-
clusion that smoking seems to be positively as-
sociated with higher MBL, implant failure and 
risk of periimplantitis.19

The results of the present study are in agree-
ment with a recent systematic review and meta- 
analysis that showed that implants placed with 
an initially thicker periimplant soft tissue have 
less radiographic MBL in the short-term follow- 
up.20 The results of this study also demonstrat-
ed that implants placed with GBR are as suc-
cessful as implants placed into sites with pristine 
bone. In the present study, the mean MBL expe-
rienced around the implants placed in regener-
ated bone was slightly higher than that of the 
implants placed in nongrafted sites. No strong 
evidence is associated with higher MBL and GBR 
procedures. Nevertheless, data reported in the 
present study are consistent with, or slightly 
lower than, that reported in previous studies.21

Immediate loading and the placement of a defin-
itive abutment at implant insertion and never 
removed have been proven to reduce MBL.22, 23 A 
possible explanation of this phenomenon could 
be that most of the immediately loaded implants 
were placed without a flap, using guided surgery, 
and received the definitive abutment on the day 
of surgery, minimizing MBL.

High primary implant stability is considered 
one of the main factors necessary for achieving 
a predictable high success rate.24–28 Nevertheless, 
there is no consensus as to the ideal insertion 
torque required to prevent implant failure. In the 
present study, two out of seven implants placed 
at an insertion torque of < 35 N cm failed, reach-
ing a statistically significant difference. In the 
study, 83.5% of the implants were placed at an 
insertion torque of 45 N cm. The drilling protocol 
was customized according to the bone density. 
Conventional preparation was performed in 
healed sites with a bone density of Type 2 or 3.20 
Narrow or halfway adapted preparations were 
performed in the case of post-extractive implants 
and poor bone quality, using freehand or guided 
surgery, respectively. Finally, the osteotome tech-
nique was performed only in the maxilla, in order 
to perform bone spreading.

Conclusion

Low implant failure and physiological marginal 
bone remodeling of 0.37 mm within one year 
after loading can be expected using Osstem TSIII 
implants in the daily practice. Smoking, GBR and 
a thin tissue biotype were associated with higher 
MBL, while immediate loading and placement 
of the definitive abutment on the day of surgery 
reduced the MBL.
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