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ABSTRACT

Aim: To evaluate the behavior of the alveolar ridge split technique in a series of surgical cases.
Materials and Methods: One hundred and fifty implants were included in this study for a total of
60 patients. The surgeries consisted of a mid-crestal incision and subsequent bone management
with a piezoelectric system. The implants were placed after the alveolar bone was expanded by
about 3mm and present bony defects were filled by a mixture of 50% autogenous bone and a
xenograft (Bio-Oss®). Bone fracture of the buccal alveolar plate occurred in 8 cases, and those
were stabilized with osteosynthesis screws. Implants were simultaneously placed in 140 cases, out
of them 4 failures occurred due to membrane exposition.

Results: The osseointegration success was estimated to be 97.5%.

Conclusion: This study concluded that the bone splitting/expansion seem to be a reliable,
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predictable, relatively noninvasive technigue with limited intraoperative complications.
Clinical significance: The study revealed that the alveolar ridge split can be used as an effective
technique for atrophic edentulous maxillary and mandibular bone

Keywords: Alveolar ridge split technique; bone atrophy; bone graft; dental implants; piezosurgery.

1. INTRODUCTION

Nowadays, dental implants are considered to be
the most convenient treatment modality for
edentulous patients and the implant surgery
became more and more popular amongst dental
surgeons. However, quality and volume of the
hard and soft tissues need to be optimal to
satisfy the goals of implant dentistry.

One of the most common problems that could
face dentists is the rapid bone resorption of the
alveolar ridge after natural tooth loss, in the
medium and long terms [1]. Studies showed that
about 80 % of anterior maxillary sextant need
bone grafting [2]. Thus dental surgeons should
be prepared to apply bone grafting during implant
surgery.

Short implants could facilitate, up to certain
limits, the management of vertical bone loss.
They are associated with less morbidity than the
vertical augmentations of alveolar bone [3].
Extra-short implants are also a viable treatment
alternative [4].

Bone thickness on both the vestibular and the
lingual or palatal sides of the alveolar ridge
should be greater by 1.5mm than the implant
diameter. In addition, if the alveolar width is less
than 6 mm, transversal bone augmentation is
generally required to allow implant placement [5].

Ridge augmentation could be achieved by block
graft, guided bone regeneration (GBR),
distraction osteogenesis and alveolar ridge split
technique (ARST) or bone expansion.

The ARST or bone spreading has been
introduced by Tatum in the 1970s [6]. In the
1990s, after multiple researches that
demonstrated its efficiency, the ARST became
popular (Simion et al. [7]; Scipioni et al. [8];
Summers et al. [9]). In 2000, Vercellotti et al.
introduced piezosurgery, that made ARST easier
and safer, the risk of complications, were
reduced, when treating extreme atrophic crests
[10].

32

In this study we documented and evaluated a
sample of 160 implants, where horizontal ridge
augmentation was applied using ARST with
simultaneous placement of dental Implants.

2. MATERIALS AND METHODS

The study followed 60 patients (45 women and
15 men), between June 1, 2014 and July 1,
2019, aged between 36 and 68 years (mean age
54.2 £ 12.3 years). All patients were treated to
restore partial or total edentulism (Fig. 1).

Only patients with no or controlled systemic
diseases were selected. Smokers, alcoholics and
patients with uncontrolled systemic diseases
were excluded. Prior to each surgery, the
alveolar ridge width, ranged between 3mm and 6
mm with 50.8% of the sites were less than 4 mm
wide. Ridges inferior to 3mm were excluded
because of lack of marrow bone, and of technical
difficulties. A minimum of 1 mm of bone loss
during the osteotomy will jeopardize the cortical
bone. The minimum alveolar bone height was 8
mm. Sixty five percent of the sites were on the
mandible. A total of 74 procedures of split ridge
bone augmentation were performed using
greenstick fracture of the buccal plate of the
alveolar bone. One hundred and sixty implants
were inserted afterwards right at the same
session of ridge splitting or 12 weeks later
depending on the ability of achieving a minimal
primary stability after implant placement. In all
patients, the Initial alveolar ridge width was
measured using a periodontal probe before and
after the procedure.

2.1 The Surgical Technique

All procedures were performed under local
anesthesia. To expose the alveolar bone, full-
thickness flaps were elevated on the vestibular
side of the maxilla and on both the vestibular and
the lingual sides of the alveolar bone of the
mandible.

The ARST procedure was performed using a
piezosurgery® touch wunit (Mectron s.p.a.,
Genova, Italy) starting by three cuts for each site.
A mid crestal 8mm to 10mm
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Fig. 1. The case of a 50-year-old female with a partially edentulous and severely resorbed
mandible. A) Preoperative panoramic view; B) Cross-sectional view showing advanced
horizontal bone resorption

deep cut on the top of the alveolar ridge and two
mesial and distal discharge incisions were cut
vertically on the buccal plate of the alveolar bone
starting from the two extremities of the mid
crestal cut. Those vertical discharge incisions
were done 1.5mm away from any adjacent tooth
and 3mm to 5mm away from the closest implant
site. In the mandible, and since the bone is
harder than the maxillary bone, a basal
longitudinal discharge groove of partial width was
performed to increase the resilience of the bony
flap.

2.2 Implant Bed Preparation

In the first phase a pilot implant drill was utilized
to indicate implant site, then ACE Osteotome
Bone Expanders (Brockton, MA, USA) of
increasing diameters were inserted into the
implant site to gradually expand the vestibular
bone flap and create the implant bed. The elastic
nature of the bone was utilized; however, and
after every sequential expander was introduced,
it was kept in place for a moment and then
removed delicately to maintain the bone
resiliency. In the last stage, the final implant drill
was used to finish the preparation of the implant
bed.

2.3 Implants Placement

The implants were placed simultaneously, if a
primary stability could be maintained otherwise a
two-step approach was adopted where implants
were placed in about 3 months after surgery. In

the mandible, and due to its low bone elasticity,
the buccal plate could become loose and the
primary stability could be lost. In this case the
mobile plate would be secured with two screws
from the Straumann® bone block fixation kit
(Basel, Switzerland) and the implant placement
will be delayed for another three months.

A total of 80 Cowell Medi (USA Inc.) implants
and 80 Bone Level Tapered (BLT) and Tissue
Level Straumann® (Basel, Switzerland) implants
were placed. A guided bone regeneration (GBR)
procedure was performed on every implant using
a mixture of 50% of autogenous bone and 50%
of xenograft bone substitute (BIO-OSS® L); all
defects were covered by a Jason® native
pericardium collagen membrane  (botiss
biomaterials GmbH, Zossen, Germany) (Fig. 2).

Wounds were closed using a 4-0 PGA suture
thread. A combination of horizontal mattress and
O sutures were performed to insure the best
wound closure. In case of crest width superior to
4 mm and the gap between the buccal and the
lingual/palatal plate do not exceed 3 mm with a
good primary stability, a healing abutment was
placed. In case of a gap over 3 mm with a low
primary stability, the implant was left to heal
while submerged. Postoperative instructions
were advised to all patients. Antibiotics (875mg
of amoxicillin and 125mg of clavulanic acid twice
a day) and analgesics were prescribed for 5 days
and chlorhexidine mouthwash 0.2% for 2 weeks
and sutures were removed after 14 days.

Table 1. Buser's criteria of success

Criteria of success

Absence of persistent subjective complaints such as pain, foreign body sensation and/or

dysesthesia
Absence of peri-implant infection with suppuration
Absence of mobility

Absence of continuous radiolucency around the implant
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Fig. 2. The same case of the 50-year-old female with a partially edentulous and severely
resorbed mandible. A) Occlusal view showing a 3 mm crest width; B) After bone splitting,
immediate implant placement of a 6 mm Straumann® Standard Plus Implant; C) A collagen

membrane covering the entire surgical site

2.4 Clinical Evaluation

Clinical follow-ups were performed after two
weeks and three months, and a radiological
follow-up with a cone beam CT scans were done
one year and 5 years after the surgeries.
Following Buser Criteria [11], factors that
determined implant success were pain, mobility,
infection, and radiolucency around the implant
(Table 1).

3. RESULTS

During surgeries, eight vestibular plates were
fractured and were stabilized with osteosynthesis
screws using the bone block fixation kit
(Straumann). Twenty implants were to be placed
in a second stage surgery due to low primary
stability.

Two membranes were found to be exposed
during the first follow up session, and this led to
cervical exposure and bone resorption on 4
implants. At the next follow-up session 6 weeks
later, the implants at the exposed sites were
removed and replaced immediately by shorter, 8
mm, implants. All failures occurred in the maxilla
where the initial ridge width was about 3.0 mm.
No complications were observed or reported
afterwards.

The success rate of implants placed in the areas
that were augmented using the ARST, in this
study was estimated to be 97.5% (Fig. 3). No
difference was found between implants placed
simultaneously or in a two-step surgery. No
difference found between implants with healing
abutments and implants kept submerged for a
second stage surgery. Implant location did not
affect its success in any way.

Fig. 3. The same case of the 50-year-old female with a partially edentulous and severely
resorbed mandible. A) A cross-sectional view 5 years after implant placement; B) A panoramic
view 5 years after surgery
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4. DISCUSSION

The ARST fulfills all requirements for best bone
healing/regeneration of bony defects, such as
minimal extent of bone loss, the presence of
bony walls, the closed healing environment, the
space provision and the mechanical wound
stability [12].

A spongy bone should separate the buccal and
palatal/lingual plates [13]. Therefore, the
indications are more limited as compared to bone
block graft and the guided bone regeneration
[12]. In these conditions, the guided bone
regeneration and the Lateral ridge split technique
have demonstrated predictable results with a
high success rate; ARST being a technique that
allows the placement of implants in the same
surgical act and allows maintaining the patient's
cortical bone [14].

Similar to different systemic reviews [15-17], this
study showed ARST as a one-stage alveolar
ridge augmentation procedure could be a better
alternative to the traditional two-stage horizontal
grafting technique. It showed that ARST is more
effective and predictable in gaining bone width,
and that short term and long-term survival rates
are higher for implants placed in both the maxilla
and the mandible when following this
technique.

Studies showed that the survival and success
rates of implants placed in the expanded ridges
using ARST are consistent with those of implants
placed in native, non-reconstructed bone [13].
The reason for that could be that the gap created
by sagittal osteotomy of the ridge undergoes
spontaneous ossification, following a mechanism
similar to that occurring in fractures [13]. By
reducing the healing period, the ARST offers an
important time and financial economy [18]. In this
study, the survival rate of the placed implants
was 97.5%, and it is similar to the rate obtained
with standard implant placement procedures
[13].

Additionally, a notable difference was observed
when using the technique in the maxilla and in
the mandible, as more alveolar plates were
fractured in the mandible and this is consistent
with the results obtained in other studies [13].
The cause for that could be that the alveolar
ridge splitting in the mandibular bone may be
more difficult to perform than in the maxillary
bone due to the thicker less flexible cortical plate
[13]. The drawbacks of this anatomical condition
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include greater difficulty in expanding the bone,
the risk of a more invasive and more traumatic
surgical procedure, and the risk of fracture of the
buccal plate. In this study minimal resorption was
observed after a considerable time following
healing. This could be due the use of the guided
bone regeneration procedure in combination to
the ARST which could prevent the post-surgical
resorption of the crestal bone in very narrow
ridges as suggested by Ella et al. (2014) [19].
Their study showed that the lack of bone
substitute resulted in significant resorption (~
5%) of the thin crests (3-4 mm wide).The delayed
lateral ridge expansion technique is more
predictable and could be used more safely in
patients with high bone quality and thick cortex
and a narrower ridge in the mandible
[20].

In analyzing osseointegration, we found no
difference between simultaneous and late
implant placement.

5. CONCLUSION

Our study demonstrated that the ARST is a
predictable and effective bone augmentation
procedure. The implant success rate was found
to be 97.5%, as in the results existing in the
literature. In comparison to other bone
augmentation  techniques, it allows the
simultaneous implant placement and offers an
important time and financial economy even in
case of two-step surgery.
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