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Periodontal disease, tooth extrac-
tion, and traumatic injuries typically 
result in advanced alveolar bone 
loss that prevents the placement 
of implants in an optimal prosthetic 
position.1 Common techniques of 
ridge augmentation include: block 
grafts, distraction osteogenesis, 
guided bone regeneration (GBR), 
split crest, and ridge expansion.2–11

The concept of GBR with the 
use of barrier membranes was in-
troduced to correct bone deficien-
cies.3,4,12–15 Since the late 1990s, the 
lateral ridge augmentation (LRA) 
technique has become a predict-
able surgical method to enhance 
horizontal bone formation.4,10,12,16–18 
Ridge expansion or ridge splitting is 
another technique used to correct 
horizontal ridge deficiencies.9,11,19–24 
This surgical technique involves 
the use of chisels or osteotomes 
to split the alveolar ridge longitu-
dinally into two parts, provoking a 
greenstick fracture.9,11,19,21–25 Some 
of these augmentation techniques 
have been used simultaneously 
with or without implant placement. 
Limiting factors for simultaneous 
implant placement are the implant’s 

The purposes of this prospective, randomized, controlled clinical investigation 
were to evaluate the performance of motorized ridge expanders (MREs) and to 
compare their results with those achieved using lateral ridge augmentation (LRA). 
Eight subjects with bilateral ridge deformities were selected. One technique was 
used on the right side and the other on the left. Implants were placed 6 months 
after bone augmentation procedures. All measurements were recorded at 2 and 
5 mm from the most coronal aspect of the crest. The augmentation achieved with 
both techniques was statistically significant: 1.2 mm for LRA and 1.5 mm for MRE 
2 mm from the crest and 1.5 mm for LRA and 1.6 mm for MRE at 5 mm from the 
crest. The differences between the two techniques were statistically insignificant. 
The amount of expansion achieved in the MRE sites appeared to be negatively 
correlated with the thickness of the cancellous bone (P < .05), and it was not 
affected by the thickness of the cortical plate. The MRE technique appears to be 
as effective as the LRA technique in augmenting the thickness of atrophic ridges. 
Defects treated with MREs showed less bone width contraction during the first 
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incorrect three-dimensional pros-
thetic position, its angulation, and 
the lack of primary stability.11,19,21,26

The LRA and ridge expansion 
techniques have been described 
with the use of grafting materi-
als.13,16,27,28 Research on humans 
using demineralized freeze-dried 
bone allograft (DFDBA)13 and de-
proteinized bovine bone mineral,27 
along with the use of resorbable 
membranes, has shown success-
ful results in augmenting deficient 
ridges. The common histologic 
findings using these bone substi-
tutes, after a 6-month healing pe-
riod, show the presence of bone 
graft particles surrounded by wo-
ven bone.29  

Although ridge expansion with 
both chisels and osteotomes can 
predictably expand alveolar ridges, 
patients who underwent these pro-

cedures often reported a high level 
of discomfort. A new device, the 
motorized ridge expander (MRE; 
Biotechnology Institute), has been 
designed to expand horizontally 
atrophic ridges without the need 
of a surgical mallet. MREs comprise 
a series of four sequential noncut-
ting drills with increasing diameters  
(Fig 1).

The purposes of this clinical 
investigation were to evaluate the 
performance of MREs in expanding 
atrophic ridges and to compare the 
results with those achieved with the 
LRA technique. 

Method and materials

Eight subjects (four men, four 
women) were selected from those 
who presented to the Department 

of Periodontology, Tufts University 
School of Dental Medicine, Boston, 
Massachusetts, and for whom im-
plant placement was planned but 
had lacked sufficient bone width for 
the procedure. This was a 6-month 
prospective cohort study with a 
split-mouth design. Each subject 
required bilateral ridge augmenta-
tion. Subject inclusion criteria was 
as follows: a bone crest thickness 
between 3 and 5 mm, measured 
on an axial computed tomogra-
phy (CT) scan at 2 mm (RW) from 
the most coronal part of the crest, 
and at least 10 mm of bone from 
the coronal part of the ridge to any 
vital structure, measured using the 
CT scan. Smokers, diabetics, or 
pregnant women were excluded 
from this research.

Fig 1  Sequence of the motorized ridge expander.
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Diagnosis and clinical 
procedures    

This study was approved by the In-
stitutional Research Board at Tufts 
Medical Center, Boston, Massachu-
setts. The study was presented to 
the subjects, and a written consent 
form was provided and accepted.

Radiographic and surgical  
stents with extended wings over 
the areas to be treated were made 
according to the prosthetic wax-
up. CT scans were taken of every 
subject to ensure inclusion criteria 
compatibility. CT scan radiographic 
measurements to gauge cortical 
bone thickness were recorded at 
5 and 10 mm from the most coro-
nal portion of the crest. Cancellous 
bone thickness was recorded at  
3 mm from the most coronal part of 
the crest.

Local anesthesia (0.5% bupiva-
caine with 1:200,000 epinephrine) 
was provided in test and control 
sites using local infiltration or a 
mandibular block.

A crestal incision with a me-
sial vertical releasing incision was 
performed to gain access to the 
bone both at control (LBA) and test 
(MRE) sites.

In control sites, a full-thickness 
flap was raised, and the deficient al-
veolar ridge was exposed. Intramar-
row perforations were performed. 
A combination of deproteinized 
bovine bone mineral (D BBM; Bio-
Oss, Geistlich) and DFDBA at a 1:1 
ratio was applied on the exposed 
bone and covered with a collagen 
membrane (Bio-Gide, Geistlich)  
(Fig 2). In test sites, a full-thickness 
flap was raised, and the deficient al-
veolar ridge was exposed. The MRE  

technique was used in accordance 
with the manufacturer’s protocol 
(Fig 3). The defect produced be-
tween the buccal and lingual/pala-
tal cortical plates was filled with the 
DBBM (Bio-Oss) and DFDBA com-
bination at a 1:1 ratio, and a colla-
gen membrane (Bio-Gide) was used 
to cover the area. 

Both control and test sites were 
sutured with a horizontal mattress 
and a continuous interlocking tech-
nique using a 5.0 polyglactin 910 
suture (Vicryl, Ethicon).

Ridge (hard tissue) thick-
ness was recorded using a caliper 
(Ridge Mapping Instrument, Hartz-
ell & Son) prior to and post–ridge  
expansion at 2 and 5 mm from the 
most coronal part of the alveolar 
crest. Notches were made on the 
stent accordingly for future refer-
ence. 

Fig 2  Control site treated with LRA using a bioresorbable collagen 
membrane.
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Following surgery, subjects 
were placed on antibiotic coverage 
(500 mg amoxicillin three times daily 
for 10 days) and received nonsteroi-
dal anti-inflammatory medication. 
Rinses with 0.12% chlorhexidine 

digluconate (Peridex) were also pre-
scribed twice daily for 2 weeks.

Postoperative observations 
were conducted at 14, 30, and 90 
days postsurgery. At 180 days of 
healing after the bone augmenta-

tion procedure, at the moment of 
implant placement (Fig 4), the ridge 
thickness was measured again with 
the caliper using the notches previ-
ously created on the stent. 

Fig 3a  Test site prior to the use of the MRE.

Figs 3b and 3c  Sequence of the treatment in the test site with the 
use of the MRE.

Fig 3d  Ridge immediately after expansion.
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Statistical analysis

Measurements of the treated sites 
were compared using the paired 
Student t test. Any correlation be-
tween the anatomical characteris-
tics of the treated test site and the 
amount of expansion were inves-
tigated using Pearson correlation. 
All analyses were performed using 
SPSS version 14.0 (IBM).

Results

Eight patients with a mean age of 47 
years and with bilateral Seibert class 
I ridge deformities were treated with 
the LRA technique (control) on one 
side and the ridge expansion tech-
nique (test) on the other. The num-
ber of sites was represented by the 
number of implants placed in each 
area. A total of 23 sites were treat-
ed, including 10 control and 13 test 
sites. Randomization between sites 
was done by flipping a coin, and the 
distribution of treated sites was sim-
ilar between the two groups.

At test sites, the mean crest 
width before expansion (TBA) at 2 
and 5 mm was 3.88 and 5.88 mm, 
respectively. Immediately after crest 
expansion (TAA), the mean width at 
2 and 5 mm became 5.96 and 7.23 
mm, respectively. After the 6-month 
healing period, the mean thickness 
of the ridge was 5.38 mm at 2 mm 
(TIP2) and 7.11 mm at 5 mm (TIP5). 
At control sites, the mean ridge 
width was 3.7 mm at 2 mm and  
5.6 mm at 5 mm. Immediately after 
the surgical procedure, the mean 
ridge width was 6.3 mm at 2 mm 
(TAA2) and 7.5 mm at 5 mm (TAA5). 
At the time of implant placement, 
the mean thickness of the ridge was 
4.9 mm at 2 mm (TIP2) and 7.1 mm 
at 5 mm (TIP5). 

The augmentation achieved with 
both techniques was statistically sig-
nificant. At 2 mm from the crest, the 
provisional augmentation mean 
(TAA–TBA) was 2.1 ± 0.95 mm for 
test and 2.6 ± 0.95 mm for control 
sites. The total augmentation mean 
(TIP–TBA) was 1.5 ± 1.06 mm for test 
and 1.2 ± 1.31 mm for control sites, 

Fig 4  Test site. Ridge (left) before expansion and (right) after the 6-month healing period. 
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and the graft stability mean (TIP–
TAA) was 0.6 ± 1.17 mm for test 
and 1.4 ± 0.83 mm for control sites. 
At 5 mm from the crest, the provi-
sional augmentation mean was  
1.6 ± 0.57 mm for test and 1.9 ± 
0.75 mm for control sites. The total 
augmentation mean was 1.6 ±  
0.77 mm for test and 1.5 ± 1.19 mm 
for control sites, and the graft sta-
bility mean was 0.2 ± 1.10 mm for 
test and 0.4 ± 0.96 mm for control 
sites. The results of the test and 
control sites were compared, and 
no statistical differences were de-
tected when both the provisional 
and total augmentations were com-
pared. In contrast, statistical differ-
ences were detected when the 
graft contraction (TAA–TBA) in the 
two treatment modalities was mea-
sured at 2 mm from the crest, show-
ing less contraction in test sites  
(0.6 mm) when compared with con-
trol (1.4 mm) (P = .05). No differ-
ences were detected in the stability 
of the graft at 5 mm from the crest 
(P = .625). The presence of any cor-
relation among the anatomical 
characteristics of the sites (cancel-
lous bone thickness, cortical plate 
thickness at 2 and 5 mm from the 
crest) and the amount of augmen-
tation achieved was investigated. 
The only statistically significant 
finding was the negative correla-
tion between the thickness of the 
cancellous bone and the amount of 
expansion achieved with the use of 
MREs. The thinner the cancellous 
bone, the greater the amount of 
augmentation achieved. 

Discussion

Based on clinical observation, re-
ported pain was mild to moder-
ate, and no significant differences 
were observed between the two 
treatment groups. Moreover, the 
MRE did not lead to any unpleas-
ant sensations. Considering the 
lack of controlled clinical trials and 
cross-sectional studies on the use 
of MREs, it was difficult to compare 
the results of the present research 
with those obtained in other stud-
ies.21–23 Previous research on MREs 
focused on implant placement suc-
cess after using the instrument to 
prepare the osteotomy.24 There-
fore, the authors can only compare 
it with the use of osteotomes19,26 or 
the split crest technique9,11,23 to ex-
pand atrophic ridges. Unfortunate-
ly, in those studies, limited data are 
available regarding the amount of 
ridge width gain achieved with the 
procedure; the main parameter 
analyzed was implant survival.19,24,30 

In 1992, Simion et al9 reported 
an expansion between 2 and 4 mm 
using osteotomes and simultane-
ous implant placement. In 2000, 
Vercellotti31 described the use of 
Piezosurgery to perform a split crest 
technique, thereby achieving an in-
creased width of the atrophic ridge 
varying from 2 to 3 mm. Vercellotti, 
like Simion and colleagues, placed 
the implants simultaneously. The 
gain in thickness reported by these 
two authors is slightly superior to the 
results achieved in this study. One 
difference to explain these results 
is that in the current study, implants 
were not placed simultaneously with 
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the bone expansion, thus partially 
reducing the possibility of maintain-
ing the gain in width achieved after 
the expansion. In fact, considering 
plastic bone properties, once the 
expander is removed, the space be-
tween the lingual and buccal cortical 
plates may not hold, and the plates 
tend to collapse into the space cre-
ated by the MREs. It is interesting 
to note the lack of correlation found 
between the thickness of the corti-
cal plate and the amount of expan-
sion achieved at test sites. However, 
the negative correlation between 
the thickness of the cancellous bone 
at 3 mm from the crest and the to-
tal amount of augmentation is a 
significant finding. This specific cor-
relation was surprising since, in the 
literature,24,32 the use of MREs has 
been recommended in sites with a 
thin cortical plate and thick cancel-
lous bone. It appears that a limited 
amount of cancellous bone might 
increase the amount of expansion, 
hence reducing the amount of pos-
sible bone condensation. Indeed, 
cancellous bone is rich in marrow 
spaces and quite trabecular in na-
ture. These characteristics of cancel-
lous bone probably absorbed part 
of the centripetal pressure that the 
expander generated, reducing the 
effectiveness of the expander. In this 
case, it appears that the expander 
works not only for its intended pur-
pose, but also as a condenser of the 
trabecular bone. Comparing the 
results of test and control sites, no 
significant differences were detect-
ed. Given the study’s small power, 
it would be incorrect to affirm that 
the two techniques work exactly the 

same. Perhaps the researchers failed 
to detect small differences that may 
have been present between the two 
groups as a possible result of the 
small sample size. 

The data regarding the dimen-
sional changes of the graft during 
the healing period appear inter-
esting. In fact, while the MRE sites 
showed limited shrinkage, the LRA 
sites doubled that value. These data 
are unremarkable because in 2000, 
Simon et al18 observed a loss of aug-
mented alveolar ridge height and 
width during healing using DBBM 
of up to more than 50% of the total 
volume of the grafted material when 
measured 3 mm from the most cor-
onal part of the crest. The data from 
this investigation is encouraging in 
that the use of the expander sig-
nificantly limits the amount of width 
loss of augmented alveolar ridges 
during the healing period. 

Conclusions

Within the limitations of this study, 
the authors conclude that:

•	 Ridge expansion using MREs 
is as effective as the LRA tech-
nique in augmenting the thick-
ness of atrophic ridges. 

•	 Defects treated with the MREs 
showed less bone width con-
traction during the first 6 
months of healing.  

•	 No correlation was found be-
tween the thickness of the cor-
tical plate at 5 and 10 mm from 
the crest and the amount of ex-
pansion.  

•	 A negative correlation between 
the thickness of the cancellous 
bone and the amount of ex-
pansion was found, suggesting 
that the thinner the cancellous 
bone, the greater the total 
amount of expansion.                   
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