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Introduction

Bone resorption after tooth loss is inevitable event, often result-
ing in inadequate bone dimensions for dental implant placement 
in an ideal position [1]. After tooth extractionbucco-lingual alveo-
ODU�ULGJH�GLPHQVLRQ�GHFUHDVHV�VLJQLÀFDQWO\��RYHU�D�SHULRG�RI ������
months, the amount of  resorption can reach approximately 50% 
of  the original bone width [2]. Several Surgical techniques and re-
construction procedures have been proposed to increase alveolar 
ULGJH� GLPHQVLRQVLQ� RUGHU� WR� REWDLQ� VXIÀFLHQW� ERQH� YROXPH� IRU�
adequate implant placement [3-5].

These techniques include guided bone regeneration; bone block 
grafts; distraction osteogenesis; ridge splitting; ridge expansion; 
and combinations of  techniques. Bone expansion is a technique 

used in atrophic alveolar ridges of  about 3-4mm [6], the major 
EHQHÀW� RI � WKLV� SURFHGXUH� LV� WKDW� WKH� LPSODQWV�PD\� EH� LQVHUWHG�
simultaneously with the bone expansion procedure. The bone can 
EHÁH[HG�WR�VRPH�H[WHQW�GXH�WR�LWV�HODVWLFLW\�[7], compression and 
condensation of  bone can be also achieved [8].

Summers in 1994 introduced the osteotome technique to com-
pact and expand the bone and improve bone–implant interface 
properties [9]. It consists of  a sequence of  cylindrical bone con-
densing instruments, which compress the trabecular bone apically 
and laterally simultaneous to bone expansion. The goal of  this 
technique is to increase implant primary stability and expand the 
edentulous ridge without removing additional bone [9, 10].

+RZHYHU��GHVSLWH�WKH�EHQHÀWV�RI �WKH�6XPPHUV·�RVWHRWRPH�WHFK-
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nique, there are limitations which include surgical trauma, unin-
tentional fracture of  bone, patient vertigo [11], and the use of  
osteotomes tend to induce micro-fractures of  the trabeculae that 
may lead to prolonged healing period due to bone resorption, 
thus delaying osseointegration [12], and it is mainly designed for 
the maxilla.

A histologic study, noted that the increase in the bone density was 
RQO\�LQ�WKH�SHULDSLFDO�DUHD��ZKLOH�WKHUH�ZDV�QR�VLJQLÀFDQW�FKDQJH�
at the lateral walls [13]. 

Another technique has been introduced to improve the quality 
and quantity of  bone around the implant, it consists of  using 
threaded expanders that can facilitate width expansion of  atroph-
ic alveolar ridges without using a surgical mallet [14]. These ex-
panders help to avoid the surgical trauma due to malleting [8], and 
permit a precise control on pressure exerted during ridge expan-
sion. Moreover, itcanbe used as condensers of  trabecular bone 
increasingbone density around the newly placed implant, thereby 
improving the primary stability [15]. 

This method of  bone expansion is considered minimal invasive 
simple and useful technique to place implants in cases of  hori-
zontally absorbed ridges [16]. The threaded expander is different 
IURP� WKH�6XPPHUV·�RVWHRWRPH� LQ�GHVLJQ�� WHFKQLTXH�RI �XVH� DQG�
can be used in both the maxilla and mandible [17].

Recently,a new method of  biomechanical bone preparation 
WHUPHG�DV�2VVHRGHQVLÀFDWLRQ�ZDV�GHYHORSHG�E\�+XZDLV�[18]. It is 
carried out using specially designed burs named Densah. The burs 
are designed to preserve and compact bone, and can be used in 
the clockwise or counter-clockwise direction to increase the bone 
density and expand the osteotomy without the extraction of  the 
bony matrix taking advantage of  viscoelastic bone properties [19, 
20], these burs combine advantages of  osteotomes with the speed 
and tactile control of  the drilling procedures and can be used for 
low and high density bones [21, 22]. 

According to the manufacturer, these special burs demonstrated 
the ability to expand narrow bone ridges similarly to split crest 
techniques [12].

7KH�DLP�RI �WKLV�VWXG\�LV�WR�FRPSDUH�WKH�HIIHFWV�RI �2VVHRGHQVLÀ-
cation burs and threaded expanders on bone expansion in narrow 
alveolar ridges.

Materials and Methods

The sample was consisted from 28 implants that were inserted to 
11 subjects aging between 28 and 69 years old. Implants were di-
vided into two equal distinct groups according to Alveolar Ridge 
([SDQVLRQ�7HFKQLTXH��2VVHRGHQVLÀFDWLRQ�7HFKQLTXH��2'7��DQG�
Threaded Expander Technique (TET).

Patient selection

The selection criteria of  patients included patients of  both gen-
ders, over 18 years who had a minimum of  two missing teeth in 
HLWKHU� MDZV�ZLWK�KRUL]RQWDOO\� LQVXIÀFLHQW�ERQ\�ULGJH�IRU� LPSODQW�
placement. All patients met the following inclusion criteria: good 
oral hygiene, presence of  edentulous site with initial alveolar ridge 
width range between (4-5 mm) with minimum of  2 mm trabecu-
lar bone core between cortical plates without buccal concavities. 
Patients were excluded if  they had uncontrolled systemic condi-
tions, or systemic disorders that could compromise osseointegra-
tion, or if  they were taking medications that can affect bone me-
tabolism such as steroids.

A cone beam computed tomography (CBCT) scan was carried 
out to patients before the intervention to asses bone quality and 
to quantify the ridge height and width of  the supporting bone, 
and to locate major anatomical features.

The materials used consisted of  Densah bur kit (Figure 1A), ACE 
threaded expanders kit (Figure 1B), TRI implant surgical kit, im-
plant surgical motor and handpiece.

Surgical procedure

Preoperative antibiotics (1g of  amoxicillin) were prescribed to 
each patient for 6 days, starting one hour before surgery. Local 
DQHVWKHVLD�ZDV� DFKLHYHG� E\� LQÀOWUDWLQJ� OLGRFDLQH� ��� FRQWDLQLQJ�
1:100000 adrenaline. A crestal incision was made without verti-
FDO�LQFLVLRQV��DQG�D�IXOO�WKLFNQHVV�PXFRSHULRVWHDO�ÁDS�ZDV�UDLVHG�
to gain access to the bone (Figure 2A). A small round bur was 
used to localize the sites where implants will be placed, and ridge 
thickness was recorded from the most coronal part of  the alveolar 
ridge.

Threaded Expanders Surgical Technique

The ACE expansion kit composed of  4 Threaded bone expand-

Figure 1. (A) Universal Densah Bur Kit. (B) ACE Threaded Expanders Kit.
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ers of  increasing diameter, a carrier and a ratchet. Site prepara-
tion began with the use of  a 1.7mm pilot drill at speed of  1100 
rpm to the desired depth. Once adequate depth was attained, a 
series of  threaded expanders with progressively increasing di-
ameter (2.5,3.1, 3.6) mm were used to gradually expand the site 
horizontally, depending on bone width and the selected implant 
to be placed (Figure 2B). Expanders were always used carefully 
with hand control wrench, after each half  turn, there was a pause 
of  10-20 seconds before turning the wrench another half  turn 
in order to give time to bone to accommodate to the expansion. 
Finally, an implant was placed according to achieved expansion. 
The ridge width was then measured again at the top of  the ridge.

2VVHRGHQVLÀFDWLRQ�6XUJLFDO�7HFKQLTXH

The initial bone ridge width was measured after marking implant 
sites, then osteotomy was prepared to the desired depth using a 
1.7mm pilot drill (clockwise drilling at 1100 rpm) thereafter Den-
sah Burs (Versah, LLC, Jackson, MI) were used (Figure 3A) in 
sequence, gradually wider diameter (2–2.3–3.3–3.5) mm. The burs 
were used in a counterclockwise rotation and bouncing motion 
under profuse saline irrigation with speed of  1100 rpm(Figure 
3B). Each osteotomy was prepared to a diameter 0.2-0.5 mm less 
than the desired implant diameter.

Implant Insertion

Endosseous dental implants (TRI–Vent, Switzerland) were imme-
diately placed after performing the bone expansion. All implants 
were installed without irrigation, using a low speed drilling pro-
cedure (35 rpm).

After implant insertion, cover screws were secured, and the surgi-
cal wounds were closed by a non-resorbable 3-0 silk suture(Figure 
4A and 4B).

Following surgery, patients were encouraged to take, in case of  
pain, acetaminophen (1g/8 hours). Another CBCT scan was tak-
en to verify adequate placement of  implants.

Results

Alveolar ridge thickness (in mm) was measured in two different 
VWDJHV� �EHIRUH� WUHDWPHQW�� DIWHU�ÀQLVKLQJ� WKH�RVWHRWRP\� DQG� LP-
plant placement) for each implant case in the sample (table 1). 
Alveolar ridge expansion (in mm) was calculated for each implant 
in the sample like it is shown below:

Alveolar Ridge Expansion (in mm) for each implant = Final Alve-
olar Ridge Thickness (in mm) – Initial Alveolar Ridge Thickness 
(in mm) for the same studied implant.

Mean of  alveolar ridge expansion values according to alveolar 
ridge expansion technique were (2.36 ± 0.31, 1.50 ± 0.28) in ODT 
DQG�7(7�JURXSV�UHVSHFWLYHO\��WDEOH���DQG�ÀJXUH�����$Q�,QGHSHQG-
HQW�6DPSOHV�W�WHVW�ZDV�DSSOLHG�WR�NQRZ�LI �WKHUH�ZHUH�VLJQLÀFDQW�
differences inalveolar ridge expansion(in mm) values between 
ODT and TET groups. P-value was much lower than0.05, so, at 
WKH�FRQÀGHQFH�OHYHO�RI �����WKHUH�ZHUH�VLJQLÀFDQW�GLIIHUHQFHV�LQ-
alveolar ridge expansion (in mm) between twogroupsin the stud-
ied Sample. Positive algebraic sign of  mean difference indicates 
that alveolar ridge expansion (in mm) value was greater in ODT 
group than in TET group.

)LJXUH�����$��)XOO�WKLFNQHVV�PXFRSHULRVWHDO�ÁDS�HOHYDWLRQ���%��7KH�WKUHDGHG�H[SDQGHUV�XVHG�WR�H[SDQG�WKH�RVWHRWRP\�

)LJXUH�����$��2VVHRGHQVLÀFDWLRQ�'HQVDK�EXU���%��7KH�'HQVDK�EXU�XVHG�WR�H[SDQG�WKH�RVWHRWRP\�
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Discussion

7KH�LQVXIÀFLHQW�ERQH�DPRXQW�DURXQG�LPSODQWV�FRXOG�QHJDWLYHO\�
LQÁXHQFH� WKH� ERQH�LPSODQW� FRQWDFW�� ERQH� YROXPH� DQG� FRQVH-
quently osseointegration. Several surgical techniques have been 
SURSRVHG�WR�DYRLG�RU�UHGXFH�ERQH�VDFULÀFH�GXULQJ�LPSODQW�SODFH-
ment. Summer's Osteotome technique is an alternative to implant 
drilling procedure that aimed to compact bone while expanding 
implant site, but it has drawbacks because it is considered a trau-
matic technique due to the need to repeatedly use the mallet. The 
modern ridge expansion instruments include motorized expand-
ers, piezoelectric devices and Densah burs. This study investi-
gated the effects of  two bone expansion techniques on amount 
of  expansion in narrow alveolar ridges, we chose to expand the 
ridges > 4 mm in order to avoid bone fractures which happens 
more frequently during expansion of  narrow ridges of  about 
3mm. The results showed that both techniques were useful in 
achieving expansion depending on initial ridge width and bone 
quality. All placed implants in the two groups were successful at 
6 months follow up period. The average amount of  expansionin 
2'7�JURXS�ZDV�VLJQLÀFDQWO\�KLJKHU�WKDQ�WKH�DYHUDJH�H[SDQVLRQ�
achieved in TET group. This could be explained by the special 

design of  Densah bur that produce compression and compacts 
bone laterally during its counterclockwise rotation, this compres-
sion on the lateral walls of  osteotomy creates plastic deforma-
tion allowing the ridge to expand taking advantage of  viscoelastic 
bone properties. For TET group the lateral walls of  the expanders 
contains several threads and the compression generated during 
expansion procedure becomes greater on the tips of  the threads, 
which differs from Densah burs where the stress distributes even-
ly along the inner walls of  the osteotomy. Moreover, Ridge ex-
pansion using threaded expanders is a sensitive surgical technique 
as the surgeon's experience plays an important role in control-
ling the procedure when using the manual expansion. The use of  
2VVHRGHQVLÀFDWLRQ�EXUV�KHOSV�LQ�GHFUHDVLQJ�WKH�WHFKQLTXH�VHQVL-
tive aspect of  the expansion procedure. It is worth mentioning 
that more time is needed when using the threaded expanders as 
we had to wait 20 second between each half  turn of  the ratchet 
to give time and gradually expand bone, whereas this process is 
faster and automatically controlled by the surgical motor when 
using Densah burs, also the progressively increasing diameter of  
Densah burs helps in gradual expansion of  the site as the bur en-
ters in the osteotomy, and the use of  these burs resulted in achiev-
ing safe ridge expansion within a short interval of  time, causing 

Figure 4. (A) Cover screws have been placed after implant placement. (B) Closure was made without tension.

Figure 5. Mean of  Alveolar Ridge Expansion (in mm) values according to Alveolar Ridge Expansion Technique.

Table 1. Alveolar Ridge Expansion (in mm)descriptive statistics according to Alveolar Ridge Expansion Technique.

Studied Variable = Alveolar Ridge Expansion
Alveolar Ridge 

Expansion Tech-
nique

N Mean Std. 
Deviation Std. Error Minimum Maximum Mean Dif-

ference t-value P-value

2VVHRGHQVLÀFDWLRQ�
Technique 14 2.36 0.31 0.08 2 3

0.86 7.771 0.000*
Threaded Expand-

er Technique 14 1.5 0.28 0.07 1 2

*P-value <0.05 - Alveolar Ridge Expansion (in mm)
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minimal trauma. The role of  Densah burs in improving insertion 
torque and primary implant stability has been studied by many 
authors [22-26], but the studies concerning the role of  these burs 
in expanding narrow ridges are relatively few, and there are no 
available studies in literature where a comparison has been made 
EHWZHHQ� WKUHDGHG� H[SDQGHUV� DQG�2VVHRGHQVLÀFDWLRQ� WHFKQLTXH��
+RZHYHU��ZKHQ�HYDOXDWLQJ�2VVHRGHQVLÀFDWLRQ�WHFKQLTXH�7ULVL�DQG�
his colleagues in an in vivo study in sheep have shown that Densah 
burs allows the use of  wider implants diameters in narrow alveo-
lar ridges, with consequent increase in bone volume by 30% [12].
Sletecompared three implant preparation methods, the results 
from his study demonstrated that osteotomy preparation using 
2VVHRGHQVLÀFDWLRQ�PHWKRG� UHVXOWHG� LQ� VLJQLÀFDQWO\�PRUH� ERQH�
volume surrounding the implant [27].

2XU�UHVXOWV�DJUHH�ZLWK�WKRVH�UHSRUWHG�E\�*DVSDU�ZKR�XVHG�2'7�
IRU�LPSODQW�VLWH�SUHSDUDWLRQ�LQ�KRUL]RQWDOO\�GHÀFLHQW�ULGJHV�UDQJHG�
between (3.2 - 5.1 mm), he found that the ridge expansion ranged 
from (1.1 to 2.4 mm), and the greatest amount of  bone expansion 
occurred at the coronal position, and was recorded on initially 
narrower ridges compared to wider ridges [28].

When evaluating TET, Mazzocco reported that the use of  ex-
panders is as effective as the lateral augmentation technique in 
LQFUHDVLQJ�WKH�WKLFNQHVV�RI �KRUL]RQWDOO\�GHÀFLHQW�DOYHRODU�ULGJHV�
[14].

Our results agree with those reported by Kim [16] who found 
that the use of  threaded expanders is a successful and predictable 
technique for implant placement in narrow alveolar bone.

Chan evaluated the amount of  ridge expansion achieved using 
screw expanders, the results of  his study showed that the use of  
screw spreaders or expanders increased the ridge width by an av-
erage of  0.79mm [29], these results were slightly different from 
our study, which may be explained that all the expanded sites in 
his study were in maxilla, and the amount of  available cancellous 
ERQH�EHWZHHQ�FRUWLFDO�SODWHV�LQÁXHQFHV�WKH�DPRXQW�RI �H[SDQVLRQ�
as the cancellous bone absorbs some pressure and results in bone 
compaction instead of  expansion, thus reducing the effectiveness 
of  the expander.

2XU�UHVXOWV�FDPH�LQ�DJUHHPHQW�ZLWK�WKH�ÀQGLQJV�RI �.DR�[30] who 
compared the ridge splitting and ridge expansion technique using 
expanders, the results showed that there was no statistically sig-
QLÀFDQW�GLIIHUHQFH�LQ�FUHVWDO�ZLGWK�JDLQ�EHWZHHQ�WKH�WZR�JURXSV�
and the average width gain in ridge expansion group was 1.92 ± 
0.61 mm.

Cortes in an analysis of  21 cases used threaded expanders to aug-
PHQW�KRUL]RQWDOO\�GHÀFLHQW�ULGJHV�RI �DERXW���WR���PP��DOO�SODFHG�
implants had successful osseointegration and the average ridge 
width gain was 2.5 mm [31], which was higher than what was 
achieved in our study.

Conclusion

2VVHRGHQVLÀFDWLRQ�WHFKQLTXH�LV�D�VDIH�DQG�SUHGLFWDEOH�ZD\�WR�H[-
pand narrow alveolar ridges without causing bone dehiscences 
or fenestrations, this technique preserves bone tissue and helps 
in improving bone volume and maintaining alveolar ridge integ-

rity thereby allows simultaneous implants placement with supe-
rior stability. This study showed that the amount of  expansion 
achieved with Densah bur drilling was superior to manual thread-
ed expanders.
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