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ABSTRACT

Background: Autogenous bone block graft is considered the gold standard for lateral bony defects. Dentin has been iden-
tified to be a suitable autogenous bone graft material due to its structural and chemical similarities to the alveolar bone.
Methods: This proof of concept study describes the clinical application of the tooth shell technique in 24 sites with 27
implants of 22 patients. A tooth shell was fixed laterally to the defect with microscrews. Distance between the shell and
the residual bone was filled with particulate remnants of the tooth root. Implant was inserted simultaneously. Cone
beam computed tomography was done after implant insertion (T1) and 3 months later at time of implant exposure (T2).
Target parameters were biological complications and the resorption of hard tissue graft.
Results: Even though a graft exposure occurred in one case (4.5% on patient-level), all implants showed enough implant
stability and were able to be loaded. At T2, the evaluation of the X-rays showed no case with hard tissue loss at the
mesial or distal implant shoulder. All implants were completely osseointegrated.
Conclusions: The tooth shell technique showed promising results for the reconstruction of lateral alveolar crest defects.
It may be considered to serve as an alternative material to avoid bone harvesting procedures.
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INTRODUCTION

Although a large number of alloplastic, allogenic or
xenogenic bone substitute materials are available for
reconstruction of the alveolar crest, the use of autoge-
nous bone is still considered the gold standard. Auto-
genous bone has excellent osteoinductive,
osteoconductive and osteogenetic characteristics;
immunological reactions or the transmission of dis-
eases can be safely avoided, and predictable augmen-
tation results can be obtained.1

For several years, the use of dentin as an alternative
autogenous material for alveolar crest reconstruction
and the grafting of bone deficits has been described
and investigated in animal experiments and clinical
studies.2–11 Dentin is a suitable grafting material
because it is very similar to bone in its organic and
inorganic composition. Similar to the alveolar bone,
about 90% of the organic substance of dentin consists
of type I collagen. Also, osteogenetically relevant
structural proteins, such as osteocalcin, osteonectin,
phosphoprotein and sialoprotein, can be found in

dentin. Moreover, it contains osteogenetically active
factors, including bone morphogenetic protein 2
(BMP-2), tissue growth factor-ß (TGF-ß) and insulin-
like growth factor-2 (IGF-2). As in alveolar bone, the
inorganic components of dentin consist of various cal-
cium phosphates such as hydroxylapatite, ß-tricalcium
phosphate, octacalcium phosphate and amorphous
calcium phosphate.12,13 Compared with autogenous
bone, the use of autogenous dentin offers the advan-
tage of avoiding the harvesting procedure and the pos-
sible resulting donor site morbidity. In comparison to
autogenous bone block graft, dentin grafts also show
significantly less resorption. In a clinical study, Sch-
warz et al. compared autogenous tooth root grafts
and monocortical bone block graft from the retromo-
lar region of the mandible with regard to their volume
stability. After 26 weeks, the mean resorption of the
root grafts was 0.13 mm, whereas it was 1.03 mm
for the bone block grafts.9

In this study, a technique was used consisting of fix-
ing a thin tooth shell to the bony defect. The hollow
space thus created was filled with the particulate
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dentin of the remaining tooth. The technique
described is a modification of the split-bone block
technique described by Khoury (14). Using this tech-
nique, the defect to be filled is revasculated because
interposition particulate bone regenerates much faster
than when cortical or corticocancellous grafts are
used. Therefore, better regeneration results are achiev-
able with this technique.14 As a result of the structural
and chemical similarities of dentin and alveolar bone,
equally good results are expected for the procedure
using a dentin shell and particulate dentin.
The aim of this retrospective observational study is

the assessment of the operative success of the tooth
shell technique.

MATERIALS AND METHODS

For the present retrospective observational study,
cases were re-examined after the tooth shell technique
with simultaneous implantation was carried out
between 01.06.2019 and 31.03.2020. The patient’s
electronic medical records were used to assess the
development of the case.
The tooth shell technique is used here for the pur-

pose of of reconstructing lateral alveolar ridge defects
to enable simultaneous placement of a dentla implant.
The augmentation material used was autogenous den-
tin. The patients were given detailed information
about the surgical procedure and the possibilities of
augmentation with autologous dentin. As an alterna-
tive, they were offered an augmentation with autolo-
gous bone. All patients who were included in the
study p a declaration of consent for the procedure
and the use of dentine as augmentation material.
All patients underwent surgery by the same oral

surgeon. The Institutional Review Board of the
Baden-W€urttemberg Medical Council reviewed the
study and approved it (ID: F-2020-068-z). The con-
tent of the present study corresponds to the EQUA-
TOR guidelines. The intended therapy required
certain inclusion criteria:
Inclusion criteria

• Patient above the age of 18 years

• Presence of a hopeless tooth

• Lateral alveolar crest defect of at least 4 mm in the
region of the prospective implantation

• Patient was informed about the necessity of an alve-
olar crest augmentation using autogenous bone and
refused the procedure

• Patient was informed about the possibility of the
graft using autogenous dentin and agreed to the
therapy.

• Only patients were included in whom the following
implant systems were used:

(a) ASTRA TECH Implant System TM EV (Astra Tech
Implant System

(b) Dentsply Sirona, York, USA), Nobel Biocare
(Nobel Biocare, Kloten, Switzerland)

(c) Conelog (CONELOG�, ALTATEC GmbH, Wim-
sheim, Germany)

• Tooth gaps from one to a maximum of two teeth.

• Mesial limitation of the gap by a neighbouring
tooth.
Exclusion criteria:

• Patient under the age of 18 years

• Patients who do not need lateral bone augmenta-
tion.

• Patients who needed lateral bone augmentation but
did not have a hopeless tooth.

• Lateral alveolar crest defect less than 4 mm in the
region of the prospective implantation

• Patients who refused to have a lateral augmentation
with dentin.

• Patients were excluded in whom implant systems
were used other than the three previously men-
tioned.

• Patients who have been operated on by another sur-
geon.
In all patients, either a hopeless tooth or a tooth

not worth preserving (such as a t) that would have
been suitable for grafting was present in the prospec-
tive region of implantation (Table 1). In all of the
cases, the width of the bucco-palatal bone was mea-
sured with a preoperative cone beam computed
tomography (CBCT) before augmentation. At least
1.5 mm of bone/autogenous dentin should cover the
implants on the buccal and palatal surfaces. The
achieved ridge width was a result of the desired
implant diameter, a 1.5 mm buccal and 1.5 mm oral
bone/autologous dentine. The desired ridge width of
at least 7.3 mm was the aim, when the implant diam-
eter was 4.3 mm. A hard tissue gain of at least 4 mm
was an augmentation procedure requirement in all
cases.
The following data were extracted from the elec-

tronic medical records for the study documentation:

• Base data: age, gender

• Anamnestic data: previous illnesses of the patient,
systemic illnesses

• Findings data: Dental findings (findings of all exist-
ing teeth)

• Historical data: data on the implantological restora-
tion to be examined, the subsequent prosthetic ther-
apy and data on maintenance therapy

• Complications: infections, loss of augmentation and
implant

• Implant data: implant type, implant length and
implantation region

• Height and width of hard tissue graft: after aug-
mentation with simultaneous implantation and at
the time of the follow-up 3 months after
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augmentation. These data are obtained by analysing
the available X-ray images.
The target parameters were biological complica-

tions. These include the following: biological compli-
cations, concerning the hard and soft tissue:

• Bleeding

• Dehiscences of the wound

• Infection with or without suppuration

• Severe loss of hard tissue graft

• Implant loss

• Transient nerve injuries

• Others

Clinical complications

The loss of the graft either through infection or unex-
pected massive resorption and the loss of an implant
during the follow-up was defined as a severe compli-
cation.
A dehiscences of the wound, transient nerve injuries

and inflammation of the grafted site were categorized
as non-severe complications if the implant was fully
osseointegrated.

Clinical procedure

After extraction of the respective tooth, debris,
restorations and root filling material were removed as

well as the periodontal ligament from the root surface
with a coarse diamond bur under water cooling
(Fig. 1a). With a diamond cutting disk (Frios Micro-
Saw, Dentsply Sirona Implants, Mannheim, Germany)
and water cooling, a shell of root dentin about 1–
1.5 mm thick was obtained (Fig. 1b). The remaining
dentin was crushed with the sterile disposable grinder
(Smart Dentin Grinder; Kometa Bio, Creskill, NJ,
USA) to 300–1200 lm dentin particles (Fig 1c,d). For
chemical cleaning, the dentin shell and particulate
dentin were put in a sterile dappen dish sealable
together with a solution of sodium hydroxide (0.5N,
4 mL) and ethanol for 10 min (20 Vol.%, 1 mL)
(Dentin Cleanser; Kometa Bio). After the exposure
time, the supernatant was absorbed with sterile gauze,
and the material was cleaned additionally for another
3 min by placing and manually shaking it in phos-
phate-buffered physiological saline solution (Dul-
becco’s Phosphate-Buffered Saline; Kometa Bio).
Subsequently, it was placed for 3 min in 10% EDTA
solution (EDTA solution; Kometa Bio) for partial
demineralization of the dentin and exposure of the
collagen fibre network, and release of osteoinductive
active growth factors.15 The material obtained was
then cleaned once more with a buffered saline solu-
tion. After cleaning, the dentin shell and the particu-
late dentin were dried at a moderate temperature
(below 38°C) on a hotplate. If the grafting material

Table 1. The details of each patient, the implants used, and the ISQ measuring

Patient
no.

Implant
site

Implant
no.

Sex Age Site Reason for
treatment

Implant
system

Implant diameter (ø)
and length (L)

ISQ C.

Patient 1 1 1 M 49 22 Endodontic c. Astra Tech EV Ø = 4,2 mm, L = 11 mm 70 No
Patient 2 2 2 W 28 11 Trauma/avulsion Astra Tech EV Ø = 4,2 mm, L = 13 mm 65 Dehiscence
Patient 3 3 3 M 64 15 VRF Astra Tech EV Ø = 4,2 mm, L = 11 mm 70 No
Patient 4 4 4 W 67 25 Endodontic c. Astra Tech EV Ø = 3,6 mm, L = 9 mm 70 No

5 W 67 26 Endodontic c. Astra Tech EV Ø = 3,6 mm, L = 9 mm 79 No
Patient 5 5 6 M 64 46 Periodontal c. Astra Tech EV Ø = 4,8 mm, L = 11 mm 81 No
Patient 6 6 7 W 51 14 LF Astra Tech EV Ø = 4,2 mm, L = 11 mm 76 No
Patient 7 7 8 W 59 14 Periodontal c. Conelog Ø = 3,8 mm, L = 11 mm 77 No
Patient 8 8 9 W 71 15 Reason unclear* Nobel Active Ø = 4,3 mm, L = 13 mm 69 No

9 10 W 71 25 Reason unclear* Nobel Active Ø = 4,3 mm, L = 13 mm 68 No
Patient 9 10 11 M 70 22 Periodontal c. Nobel Active Ø = 4,3 mm, L = 13 mm 74 No
Patient 10 11 12 W 63 36 Reason unclear* Astra Tech EV Ø = 4,8 mm, L = 8 mm 80 No
Patient 11 12 13 M 49 23 Periodontal c. Nobel Active Ø = 3,5 mm, L = 13 mm 72 No
Patient 12 13 14 W 58 15 Endodontic c. Astra Tech EV Ø = 3,6 mm, L = 11 mm 74 No

15 W 58 16 Endodontic c. Astra Tech EV Ø = 4,2 mm, L = 11 mm 69 No
Patient 13 14 16 M 67 12 Periodontal c. Nobel Active Ø = 4,3 mm, L = 13 mm 72 No
Patient 14 15 17 W 55 37 Endodontic c. Nobel Replace Ø = 4,3 mm, L = 11,5 mm 75 No
Patient 15 16 18 W 58 36 Endodontic c. Nobel Replace Ø = 4,3 mm, L = 11,5 mm 86 No
Patient 16 17 19 M 62 46 Endodontic c. Conelog Ø = 5 mm, L = 11 mm 82 No
Patient 17 18 20 M 57 12 Periodontal c. Nobel Active Ø = 4,3 mm, L = 13 mm 73 No
Patient 18 19 21 M 71 12 Periodontal c. Nobel Active Ø = 4,3 mm, L = 13 mm 66 No

20 22 M 71 22 Periodontal c. Nobel Active Ø = 4,3 mm, L = 13 mm 68 No
Patient 19 21 23 M 78 34 Endodontic c. Conelog Ø = 3,8 mm, L = 11 mm 78 No
Patient 20 22 24 M 64 21 LF Astra Tech EV Ø = 4,2 mm, L = 15 mm 73 No
Patient 21 23 25 W 49 24 Endodontic c. Astra Tech EV Ø = 4,2 mm, L = 11 mm 67 No

26 W 49 25 Endodontic c. Astra Tech EV Ø = 4,2 mm, L = 11 mm 69 No
Patient 22 24 27 W 75 22 Periodontal c. Nobel Active Ø = 4,3 mm, L = 13 mm 75 No

no. = number; C./c. = complication; VRF = vertical root fracture; LF = longitudinal fracture; ISQ = implant stability quotient.
*Reason unclear = tooth missing for many years.
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was used immediately, it was then only slightly moist-
ened with buffered saline solution. In cases where the
grafting material was to be used at a later date, the
dentin shell and the particulate dentin were stored in
the same sterile vessel at �18°C until grafting. At the
time of grafting, the grafting material was slightly
moistened with saline after thawing. Thawing was
done on the same hotplate which was used before (be-
low 38°C).

General surgical procedure of the tooth shell
technique (TST)

The grafting procedures were performed under periop-
erative antibiosis with Amoxicillin 750 mg t.i.d. (on
one preoperative and two postoperative days).
Patients with known penicillin intolerance were given
Clindamycin 300 mg t.i.d.
After flap mobilization and surgical exposure of the

alveolar crest, the implant site was prepared according
to the protocol of the implant manufacturer. Then
implants were inserted (Figs 2a-c and 4a). All
implants could be inserted with sufficient primary sta-
bility. The previously obtained and prepared dentin
shell was fixed laterally to the defect with osteosyn-
thesis screws (microscrews; Stoma, Emmingen-Liptin-
gen, Germany), and the prepared particulate dentin
was placed in the hollow space between tooth shell
and implant (Fig. 2d). In cases in which the accessibil-
ity made filling difficult, the exposed implant surface
was first covered with particulate dentin and then the
dentin shell was fixed (Fig. 4a-c). In both cases, it was
the same technique, only with a different order. The
stability of the dentin shell on the remaining bone
was checked with dental tweezers. The dentin shell
should not have any mobility. The Khoury technique

with autologous bones does not generally require a
membrane. No membrane was used in the tooth shell
technique either.
For passive wound closure, non-resorbable suture

material was used (Supramid 5/0; Serag-Wiessner,
Naila, Germany).
The implants were exposed 3 months after inser-

tion. As part of this, the peri-implant tissue was
probed at four locations (mesial, distal, oral and buc-
cal) with a periodontal probe. Also, an implant stabil-
ity measurement was carried out during the resonance
frequency analysis in all cases (Ostell Idx; W&H,
Buermoos, Austria). Only implants with an implant
stability quotient (ISQ) of over 60 were approved for
prosthetic restoration.

Radiographic evaluation

At the time of augmentation with simultaneous
implantation, all implants were placed at the bone
level. In all cases, the implant surfaces were com-
pletely covered by bone or hard tissue graft (autoge-
nous dentin). To evaluate changes in the morphology
of the peri-implant hard tissue, especially the buccal
bone graft of the implants, a CBCT (PaX-Duo3D;
Orange Dental, Biberach an der Riß, Germany) was
made after implant insertion and at the follow-up
3 months later. The CBCTs were used to assess if any
implant surfaces were not covered by bone or hard
tissue graft. All measurements were performed with
the Ez3D Plus software (Vatech Co. Ltd., Hwaseong-
si, Korea). In all cases, a CBCT with a volume of
50 9 50 mm was made. For the standardization of
the measurements, the implant served as a fixed point/
axis. Also, all implants were placed in gaps where one
or a maximum of two teeth were missing. The gaps

Fig. 1 (a) The illustration shows the removal of debris and foreign material, such as restorations and root filling material, as well as the periodontal liga-
ment, from the root surface with a coarse diamond-coated bur under water cooling. (b) Dentin shell obtained from the root dentin with a diamond-coated

cutting disk. (c) Sterile disposable dentin grinder (Smart Dentin Grinder) for the particulation of dentin. (d) Particulate-treated dentin.

Fig. 2 (a, b) Occlusal and lateral view of the laateral defect (c) Inserted implant at site of tooth 22 with vestibular bone missing. (d) Dentin shell fixed
with two osteosynthesis screws to the vestibular aspect of the implant. The hollow space created between dentin shell and implant was filled with particu-

late dentin.
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were delimited mesially and in most cases also distally
by neighbouring teeth. The pulp canals of the neigh-
bouring teeth also served as fixed points/axes for the
measurement. Since both the implant position and the
pulp canal of the mesial neighbouring tooth were
unchanged in the CBCT after implantation and during
the follow-up check, 3 months after implantation at
time of implant exposure, the CBCT could be com-
pared with one another in a standardized manner.
To evaluate mesial and distal bone or hard tissue

loss bordering the implants, measurements were made
at the follow-up 3 months after implant insertion, at
the mesial and distal margin of the implant shoulder
similar to a 2D radiographic assessment (Fig. 3a). For
mesial or distal bone or hard tissue loss, only the
highest value at the mesial or distal margin was
included in the analyses. The buccal hard tissue graft
loss of the implants was assessed as shown in Fig. 3b.
The reference point was the highest point of the
implant shoulder. The examination of the CBCTs
should evaluate if implant surfaces were covered by
bone irrespective of hard tissue graft or not. If uncov-
ered implant surfaces were detected, the distance
between implant shoulder and the first implant/bone
or implant/hard tissue contact was measured in mm
(Fig. 3b).
The alveolar ridge width was measured in the

bucco-palatal direction. Directly after augmentation
with simultaneous implantation (T1) and at the fol-
low-up 3 months later (T2), the width was measured
2 mm below the implant shoulder (see Fig. 3c). More-
over, the thickness of the buccal lamella was measured
at three levels (L0, L2 and L4) at T0 and T1 (Fig. 3d).

Osseointegration

Complete osseointegration has been defined when:

• At none of the four measuring points within the
scope of the implant exposure was a probing depth
greater than 1 mm.

• The ISQ was over 60 during implant exposure.

• In the CBCT, the implant was completely sur-
rounded by a radio-opaque structure.

Statistical analyses

Data were compiled in Excel and analysed with IBM
SPSS Statistics 22 (SPSS Inc., Chicago, IL, USA) in
Windows 7. All evaluations were computed at the
patient level, site level and implant level. For the eval-
uation at the site level, the different sites were catego-
rized as follows: block grafts were divided into
sextants independently from one another (more than
two tooth widths apart from each other).
Mean values and standard deviations at times T1

and T2 were calculated for Bucco-palatal alveolar
ridge width and buccal lamella width (L0, L2 and
L4). The difference of buccal lamella width between
T1 and T2 at the different levels (L0, L2 and L4) was
calculated to evaluate the resorption of the buccal
lamella.

RESULTS

In the period from January 1, 2019 to March 31,
2020, the TST was carried out in 22 patients (11
females and 11 males) at 24 implant sites (Table 1). A
total of 27 implants were placed simultaneously with
the TST. ASTRA TECH Implant System TM EV, Nobel
Biocare and Conelog were used as implant systems.
The average age of the patients at the time of implan-
tation was 60.4 years.

Severe clinical complications

After the grafting procedures with simultaneous
implant insertion and during the follow-up 3 months
later only a single (4.2% on-site level, 4.5% on
patient-level), severe clinical complications occurred
(Fig. 4d). This complication was dehiscence of a den-
tin shell. Three months after the graft, the exposed
dentin shell was removed (Fig. 5a–c). The implant

Fig. 3 Measurement of the resorption at the hard tissue grafts with cone beam computed tomography (CBCT). (a) No horizontal bone and hard tissue loss
at the mesial and distal implant shoulder is detectable. (b) Measurement from the implant shoulder to the first implant/hard tissue bone contact. In this

case, 8.3 mm of the buccal lamella bone was completely resorbed. (c) Measurement of bucco-palatal alveolar ridge width. (d) Measurements of the thick-
ness of the buccal hard tissue lamella at three different levels (L0, L2 and L4). Dotted lines trace the outline of the alveolar ridge.
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was completely osseointegrated and still fully covered
with hard tissue (Fig. 6c,d).

Non-severe clinical complications

During the whole follow-up period, there was no
non-severe complication.

Radiographic evaluation

At the time of the follow-up, 3 months after augmen-
tation with simultaneous implantation, the evaluation
of the CBCTs showed no case with bone or hard tis-
sue loss at the mesial or distal implant shoulder. Also,
there was no loss of the buccal lamella (Fig. 6a–d).
All implants were completely covered with hard tis-
sue.
All measurements of the alveolar ridge width and

resorption of the buccal lamella on the implants are
summarized in Table 2 (measurement sites as shown
in Fig. 3c,d). The alveolar ridge width (on patient-
level) at the time of hard tissue graft was on average

9.5 mm at level L2. At the time of follow-up
3 months after augmentation, the alveolar ridge width
was 9 mm at level L2. This means the resorption was
0.5 mm on average.
The thickness (on patient-level) of the buccal

lamella was at the time of bone graft T1/L0
(2.8 mm), T1/L2 (3.4 mm) and T1/L4 (3.8 m) and at
time of follow-up T2/L0 (2.3 mm), T2/L2 (3.1 mm)
and T2/L4 (3.4 mm). The resorption of the buccal
lamella was T1-2/L0 (0.5 mm), T1-2/L2 (0.3 mm)
and T1-2/L4 (0.4 mm). Since 0.3 mm resorption
occurred in T1-2/L2, the oral lamella must also have
resorption of 0.2 mm.

Peri-implant tissue probing

The probing depth did not exceed 0.5 mm for all
implants.

ISQ values

The ISQ value was over 60 for all implants (Table 1).

Fig. 4 (a) The inserted implant at the site of tooth 11 with a vestibular bone deficit. (b) Particulate dentin placed to the vestibular aspect of the implant.
(c) A dentin shell was fixed with two osteosynthesis screws. (d) 4 weeks later, a dehiscence developed at the site of tooth 11 with partial exposure of the

dentin shell and the two osteosynthesis screws.

Fig. 5 (a) The illustration shows the situation directly after the removal of the two osteosynthesis screws and the dentin shell. (b) Four weeks later, the
mucosa completely covered the site. (c) At re-entry 4 weeks later, an all-ceramic crown was placed. The discolorations on the surfaces of the adjacent

teeth were polished away.
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Osseointegration

Since there was no increased probing depth for any of
the implants, the ISQ values were over 60, and all
implant surfaces were covered with hard tissue, all
implants were by definition completely osseointe-
grated.

DISCUSSION

Research so far has been able to show that autoge-
nous dentin is a suitable material for all kinds of alve-
olar crest augmentation.2–7,10 Autogenous dentin
presents a good alternative to autogenous bone graft-
ing as a result of the similarity of the biological char-
acteristics and causes less strain for the patient
because no second intervention is required to obtain
the augmentation material so that harvesting morbid-
ity and the risk of complications at the donor site can
be eliminated.
Early implant losses in dental implantology are

reported in the literature between 0.5% and 3%.16,17

In the present study, there was no early loss; the
implant success rate was 100% during the observation
period. By definition, all 24 implants were successfully
osseointegrated and could be restored prosthetically.
As for indicators of successful osseointegration, little
or no peri-implant probing depth, an ISQ value of
over 60 and complete coverage of the implant surface
by hard tissue in the CBCT were assumed. It is
known that increased probing depths indicate peri-

implant bone loss.18 The ISQ measurement with the
Ostell device is a reproducible method19 and a widely
accepted method for determining implant stability.20

According to the manufacturer’s information (W&H),
a load from a value of 60 and over is possible. All
implants in this study had a score of 65 or above.
CBCTs are used as part of follow-up exams in numer-
ous studies for assessing the alveolar ridge and the
buccal lamella.21,22 Based on the available data, the
definition adopted in this study for adequate osseoin-
tegration can be regarded as acceptable.
The study presented here combined a lateral ridge

augmentation (TST) with simultaneous implantation.
Ridge augmentations not only increase the surgical
effort but also the intra- and postoperative risk. In the
present study, a serious complication occurred in only
one of 27 implants. Nevertheless, 100% of all
implants were osseointegrated. Comparable studies
with autologous bone and dentine block grafts also
showed manageable complication rates.9,23

In comparison to the autogenous bone, autogenous
dentin demonstrates significantly less resorption.9 In
the presented study, no horizontal bone loss occurred
in any case of the presented study. All implants were
fully covered with hard tissue. The buccal lamella was
most resorbed at L0 (0.5 mm at patient level). The
cause could be the flattening of the augmentation in
this area. However, the only resorption of 0.3 mm
(patient level) occurred in L2. The alveolar ridge
width measured at L2 decreased 0.5 mm (patient
level). This means that there must have been

Fig. 6 (a) CBCT in the sagittal plane shows the implant at the site of tooth 15 after implantation and fixation of the dentin shell. (b) At re-entry, the aug-
mentation material in the sagittal plane presents itself volumetrically stable and the implant has fully covered with hard tissue osseointegrated. Resorption
of the palatal lamella has occurred. (c) This figure shows the only case with a severe complication. The detail of the sagittal plane shows the implant at

the site of tooth 11 with the dentin shell fixed to it. (d) Despite the dehiscence and the removal of the dentin shell, a homogeneous structure with the den-
sity of cortical bone is to be seen on the buccal aspect of the implant. Resorption of the lamella has occurred on the palatal side.
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resorption of 0.2 mm on the oral side, which has
nothing to do with the resorption of the bone graft.
The reason could be resorption of the oral bone,
caused by the deperiostation after flap mobilization. A
long-term resorption pattern is unknown and it may
have an impact on the aesthetic outcome in the maxil-
lary anterior region.
The present study is a proof of concept study. The

aim was to determine whether the use of dentin in
TST is generally successful. In this study, intrabony
defects were also treated. In these cases, a guided
bone regeneration is also applicable. However, com-
pared to block transplants, it is disadvantageous that
in cases of guided bone regeneration an augmentation
flattening occurs during the healing process in the
marginal area.24 The area of application of block
transplants is not limited to intrabony defects. The
same range of treatments is suspected for TST as for
block transplants. However, further studies must con-
firm this assumption.
It is unclear whether the dentin particles and shell

are osseointegrated when using the TST technique.
Based on the CBCTs, it cannot be said whether it is
ossified buccal lamella or just dentin without osseoin-
tegration. The dentin could possibly only be remod-
elled by granulation tissue. In the present study, there
is a lack of histological examination of the hard tissue
graft. The present study did not carry out any histo-
logical examinations, since this would have led to a
second operation with the tooth-shell technique with
simultaneous implantation. Simultaneous implantation
also prevents hard tissue histology from being
obtained. Therefore, the augmentation was referred to
as a hard tissue graft and not as a bone graft in the
present manuscript. Regardless of this, there are histo-
logical examinations that demonstrate osseointegra-
tion of dentin augmentations.3,5 The fact that there

were no or only minimal (up to 0.5 mm) buccal prob-
ing depths indicates the liklihood of osseointegration
of the dentine. Also, sufficiently high ISQ values were
achieved in all cases.
In the TST technique, particulate dentin was placed

directly on the exposed implant surfaces. It is unclear
whether there is a direct connection between the tita-
nium surface and the dentin graft. Histologically, ani-
mal experiments showed a substitutive resorption of
the dentin and a contact area between implant and
bone which was comparable to autogenous bone
blocks.2,8 In the region of direct contact between den-
tin and titanium implant surface, the formation of
root cementum and mineralized hard tissue could be
identified histologically.25-27 Furthermore, the prepa-
ration of the tooth also seems to have an influence on
the success rate. Studies have shown that the mechani-
cal removal of dental plaque significantly reduced the
inflammatory reaction.28

If a complete tooth root is used as augmentation
material, as described by Schwarz et al.,9 the dimen-
sion of the root will limit the augmentation width.
With the tooth shell technique described here, a lar-
ger horizontal deficit can be augmented, in analogy
to the bone block grafting technique by Khoury.14

The particulate dentin in the space between the
bone and the dentin shell can be expected to lead
to better revascularization and regeneration than a
procedure using solid dentin blocks.14 Another
advantage offered by this augmentation technique is
that augmentation and implant insertion can be per-
formed simultaneously if the morphology and size
of the defect allow it.29 And, as a result of the
chemical treatment and disinfection described above
which can be done in a standard dental practice
environment, the tooth material can be prepared for
storage and kept for later usage.

Table 2. Mean alveolar ridge bone measurements directly after grafting (T1) and at time of follow-up (T2)

Hard tissue measurements at T1 and T2 Evaluation level

Patient, n = 22 (SD) Site, n=24 (SD) Implant, n = 27 (SD)

T1 (directly after grafting)
Mean bucco-palatal alveolar ridge width (mm) 9.5 (1.4) 9.5 (1.4) 9.5 (1.4)
Mean buccal lamella width L0 (mm) 2.8 (0.7) 2.8 (0.6) 2.8 (0.6)
Mean buccal lamella width L2 (mm) 3.3 (0.8) 3.4 (0.8) 3.4 (0.8)
Mean buccal lamella width L4 (mm) 3.7 (1.2) 3.7 (1.3) 3.8 (1.3)

T2 (at time of follow up)
Mean bucco-palatal alveolar ridge width (mm) 9 (1.4) 9 (1.4) 9 (1.5)
Mean buccal lamella width L0 (mm) 2.3 (1) 2.3 (1) 2.3 (1)
Mean buccal lamella width L2 (mm) 3.1 (0.9) 3.1 (0.9) 3.1 (0.9)
Mean buccal lamella width L4 (mm) 3.4 (1.3) 3.4 (1.4) 3.4 (1.4)

Mean resorption of Bucco-oral alveolar ridge bone width and buccal lamella bone plate from T1 to T2
Bucco-oral alveolar ridge (mm) 0.5 0.5 0.5
L0 (mm) 0.5 0.5 0.5
L2 (mm) 0.2 0.3 0.3
L4 (mm) 0.3 0.3 0.4

n = number; SD = standard deviation.
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Autogenous dentin is a safe grafting material; the
transmission of infectious or immunological reactions
is not to be expected as it is a material of autogenous
origin. A greater probability of complications, such as
impaired wound healing, dehiscences or implant
losses, could not be found clinically when autogenous
dentin was compared to autogenous bone.30 In animal
experiments, however a slightly higher incidence of
augmentation material exposure was observed if teeth
were used that had been endodontically treated or
was periodontally compromised in comparison with
healthy retained teeth that were not exposed to the
oral cavity environment.7,8 But in a clinical study pub-
lished by Schwarz et al. in 2019, this observation was
not confirmed. In the Schwarz study, neither impaired
wound healing nor dehiscences were found for the
healthy retained as well as for the endodontically trea-
ted and/or periodontically compromised teeth.10 The
dehiscence described in one case with exposure of the
augmentation material and the screws was very prob-
ably caused by the laceration of the full-thickness
flap.31

The TST limits are when the tooth to be replaced is
no longer present and there are no other non-preserv-
able teeth. In cases of large alveolar crest defects, it
may still be possible to resort to a donor region. A
weak point of the study is the relatively short follow-
up period of 3 months. The results appear promising
but should be assessed with caution. Studies with a
longer observation period are required. Also, compar-
ative studies with autologous bone block transplants
should be aimed for.

CONCLUSION

The tooth shell technique is a hard tissue augmenta-
tion procedure that can be performed in a dental
practice environment for the reconstruction of lateral
alveolar crest defects; it combines the biological bene-
fits of autogenous material with lower morbidity, as a
second intervention for harvesting autogenous bone
could be avoided. Compared with the procedures
described so far, the tooth shell technique using auto-
genous dentin could broaden the range of implanto-
logical indications. It allows larger augmentation
volumes and offers the option of simultaneous
implantation.
More clinical studies are needed to further investi-

gate the augmentation results of this technique with
regard to bone quantity and histology.
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