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Review Article

INTRODUCTION

Primary stability in implant placement is one of  the 
most critical factors determining the outcome of  implant 
WKHUDS\��7KH�NH\�IDFWRUV�LQ�HQKDQFLQJ�LPSODQW�SULPDU\�
VWDELOLW\� DUH� ERQH� GHQVLW\�>���@� VXUJLFDO� SURWRFRO�>�@ and 
implant thread type and geometry.>�@ Primary stability 
is provided by the mechanical friction between the 
H[WHUQDO� LPSODQW� VXUIDFH� DQG� ZDOOV� RI � WKH� LPSODQW�

RVWHRWRP\��7KH�LQVHUWLRQ�WRUTXH�SHDN�LV�GLUHFWO\�UHODWHG�
to implant primary stability and host bone density;>�@ 
KLJK�LQVHUWLRQ� WRUTXH� FRXOG� VLJQLÀFDQWO\� LQFUHDVH� WKH�
LQLWLDO� ERQH�WR�LPSODQW� FRQWDFW� SHUFHQWDJH� ��%,&��
compared to implant inserted with low-insertion torque 
values.>�@ Ottoni et al.>�@ showed a reduction in failure rate 
RI � ���� LQ� VLQJOH�WRRWK� LPSODQW� UHVWRUDWLRQ� IRU� HYHU\�
����1�FP�RI �WRUTXH�LQFUHDVHG�

Primary stability in dental implants is an essential factor for achieving successful osseointegration. Surgical 
procedure and bone quality are among the most common factors that affect primary stability. It is also 
crucial to achieve high-insertion torque which is important for obtaining primary stability. Maintaining 
sufficient bone bulk and density is essential to achieve necessary bone-to-implant contact for obtaining 
a biomechanically stable implant. A new concept for osteotomy called osseodensification (OD) has been 
at the forefront of changes in surgical site preparation in implantology. This relatively new concept with 
universally compatible drills has been proposed to help in better osteotomy preparation, bone densification, 
and indirect sinus lift and also achieve bone expansion at different sites of varying bone densities. This 
procedure has also shown improvement in achieving better implant primary stability and better osteotomy 
than conventional implant drills. A systematic review was undertaken to analyze if OD procedure had any 
advantages over conventional osteotomy on bone density and primary stability. An electronic database 
search was conducted in PubMed using keywords such as “OD,” “implant primary stability,” “implant bone 
density,” and “implant osteotomy.” A total of 195 articles were collected and subjected to screening using 
inclusion and exclusion criteria. A literature review was done, following which it was seen that the use of 
versah drills for bone OD resulted in undersized osteotomy compared to conventional drills. It also resulted 
in improved bone density and increase in percentage bone volume and bone-to-implant contact, thereby 
improving implant stability.
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2VVHRGHQVLÀFDWLRQ��2'��LV�D�QHZ�PHWKRG�RI �ELRPHFKDQLFDO�
bone preparation performed for dental implant placement. 
The procedure is characterized by low plastic deformation 
of  bone that is created by rolling and sliding contact using 
D�GHQVLI\LQJ�EXU�WKDW�LV�ÁXWHG�VXFK�WKDW�LW�GHQVLÀHV�WKH�ERQH�
ZLWK�PLQLPDO�KHDW�HOHYDWLRQ��2'��D�ERQH�QRQH[WUDFWLRQ�
WHFKQLTXH��ZDV�GHYHORSHG�E\�+XZDLV�����>�@ and done using 
specially designed burs (Densah™ burs) that help densify 
bone [)LJXUH 1@� DV� WKH\� SUHSDUH� DQ� RVWHRWRP\�>�@ These 
burs provide advantages of  both osteotomes combining 
the speed along with improved tactile control of  the drills 
GXULQJ�RVWHRWRP\��6WDQGDUG�GULOOV� H[FDYDWH�ERQH�GXULQJ�
LPSODQW� RVWHRWRP\�� ZKLOH� RVWHRWRPHV� WHQG� WR� LQGXFH�
fractures of  the trabeculae that requiring long remodeling 
time and delayed secondary implant stability. The Densah 
burs allow for bone preservation and condensation through 
FRPSDFWLRQ�DXWRJUDIWLQJ�GXULQJ�RVWHRWRP\�SUHSDUDWLRQ��
thereby increasing the bone density in the peri-implant 
areas and improving the implant mechanical stability.>��@ 
7KH�ERQH�UHPRGHOLQJ�XQLW�UHTXLUHV�PRUH�WKDQ����ZHHNV�
to repair the damaged area created by conventional drills 
WKDW�H[WUDFW�VXEVWDQWLDO�DPRXQW�RI �ERQH�WR�OHW�VWUDLQV�LQ�
the walls of  osteotomy reach or go beyond the bone 
PLFURGDPDJH� WKUHVKROG��+HQFH��2'�ZLOO� KHOS�SUHVHUYH�
ERQH�EXON� DQG� LQFUHDVH�GHQVLW\�� WKHUHE\� VKRUWHQLQJ� WKH�
healing period.>��@

8QOLNH�WUDGLWLRQDO�RVWHRWRP\��2'�GRHV�QRW�H[FDYDWH�ERQH�
but simultaneously compacts and autografts the particulate 
ERQH� LQ� DQ� RXWZDUG� GLUHFWLRQ� WR� FUHDWH� WKH� RVWHRWRP\��
thereby preserving vital bone tissue. This is achieved using 
specialized densifying burs [)LJXUH��@��:KHQ�WKH�VSHFLDOL]HG�
GULOO�LV�XVHG�DW�KLJK�VSHHG�LQ�DQ�DQWLFORFNZLVH�GLUHFWLRQ�ZLWK�
VWHDG\� H[WHUQDO� LUULJDWLRQ� �'HQVLI\LQJ�0RGH��� WKH� GHQVH�
compact bone tissue is created along the osteotomy walls.>��@ 
The pumping motion (in and out movement) creates a 
rate-dependent stress to produce a rate-dependent strain 
and allows saline solution pumping to gently pressurize 
the bone walls. This combination facilitates an increased 
ERQH�SODVWLFLW\� DQG�ERQH� H[SDQVLRQ� >)LJXUH 3@��+XZDLV�
GHPRQVWUDWHG� WKDW�2'� KHOSHG� ULGJH� H[SDQVLRQ�ZKLOH�
PDLQWDLQLQJ� DOYHRODU� ULGJH� LQWHJULW\�� WKHUHE\� DOORZLQJ�
LPSODQW� SODFHPHQW� LQ� DXWRJHQRXV� ERQH�� DOVR� DFKLHYLQJ�
adequate primary stability. OD helped in preserving bone 
EXON� DQG� VKRUWHQHG� WKH�ZDLWLQJ� SHULRG� WR� UHVWRUDWLYH�
phase.>��@

$� V\VWHPDWLF� UHYLHZ� ZDV� XQGHUWDNHQ� WR� DQDO\]H� LI �
OD procedure had any advantages over conventional 
osteotomy on bone density and primary stability. An 
HOHFWURQLF�GDWDEDVH� VHDUFK�ZDV� FRQGXFWHG� LQ�38%0('�
XVLQJ� NH\ZRUGV� VXFK� DV2'�� LPSODQW� SULPDU\� VWDELOLW\��

LPSODQW�ERQH�GHQVLW\��DQG�LPSODQW�RVWHRWRP\��$Q�HOHFWURQLF�
GDWDEDVH�VHDUFK�LQ�38%0('�ZDV�FRQGXFWHG�IRU�DUWLFOHV�XS�
WR������XVLQJ�0H6+�DQG�NH\ZRUGV�VXFK�DV�́ 2'�µ�́ LPSODQW�
SULPDU\� VWDELOLW\�µ� ´LPSODQW� RVWHRWRP\�µ� DQG� ´LPSODQW�
ERQH�GHQVLW\�µ�$�WRWDO�RI �����DUWLFOHV�ZHUH�LGHQWLÀHG�DQG�
VFUXWLQL]HG�IRU�IXOO�WH[W�DUWLFOHV��DQG�DIWHU�VFUHHQLQJ��ÀQDOO\��

Figure 2:�4QNG� QH� FGPUKſECVKQP�&TKNNU� 
KOCIG� UQWTEG��8GTUCJ� ..%�
RTQFWEV�ECVCNQIWG��YYY�XGTUCJ�EQO�

Figure 1:�8GTUCJ�-KV�YKVJ�FGPUKſECVKQP�FTKNNU

Figure 3:�1UVGQVQO[�RTGRCTCVKQP�WUKPI�VJG�FGPUKſECVKQP�FTKNNU
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WKUHH�IXOO�WH[W�DUWLFOHV�ZHUH�VHOHFWHG�IRU�WKH�UHYLHZ�DFFRUGLQJ�
WR�WKH�LQFOXVLRQ�FULWHULD�>)LJXUH��@�

Inclusion criteria
2QO\�IXOO�WH[W�DUWLFOHV�ZHUH�FRQVLGHUHG�
�� ,PSODQW�VLWH��&RPSDFW�ERQH�FDQFHOORXV�ERQH
�� ,PSODQW�VWDELOLW\��3ULPDU\�VWDELOLW\�VHFRQGDU\�VWDELOLW\
�� 'ULOOV��2VWHRWRP\� SUHSDUDWLRQ�ZLWK� FRQYHQWLRQDO�

GULOOV�2'�GULOOV
�� %RQH�GHQVLW\��%RQH�YROXPH�SHUFHQWDJH���%9��%,&�

Exclusion criteria
�� &DVH�UHSRUWV�FDVH�VHULHV
�� In vitro studies.

OSSEODENSIFICATION AND BONE DENSITY

The process of  osseointegration leads to bone formation 
on the implant surface and contributes to implant 
secondary stability between bone and dental implant.

,Q�DUHDV�RI �ORZ�ERQH�GHQVLW\��VXFK�DV�PD[LOODU\�SRVWHULRU�
UHJLRQ�� WKH� LQVXIÀFLHQW� ERQH� DYDLODEOH� FRXOG� DIIHFW� WKH�
KLVWRPRUSKRPHWULF�SDUDPHWHUV�VXFK�DV��%,&�DQG��%9�
QHJDWLYHO\�� WKHUHE\� DIIHFWLQJ� SULPDU\� DQG� VHFRQGDU\�
implant stability. A layer of  increased bone mineral 
density has been shown by imaging around the periphery 
of  osteotomies using OD. The increase in bone density 
achieved by OD has shown to have a potentiating effect 
on secondary stability.

OSSEODENSIFICATION AND PRIMARY 
STABILITY

The implant primary stability is a crucial factor to achieve 
implant osseointegration.>��@�+LJK�SULPDU\�LPSODQW�VWDELOLW\�

LV� FULWLFDO� LQ� LPPHGLDWH� ORDGLQJ� SURWRFROV�� DQG� LW� ZDV�
UHSRUWHG� WKDW� DQ� LPSODQW�PLFURPRWLRQ� DERYH� ��²����
um potentiated peri-implant bone resorption or implant 
failures.>�����@ Trisi et al. in in vivo study found a statistically 
VLJQLÀFDQW�FRUUHODWLRQ�EHWZHHQ�SHUL�LPSODQW�ERQH�GHQVLW\��
LQVHUWLRQ�WRUTXH��DQG�PLFURPRWLRQ�>7DEOH��@��$�VLJQLÀFDQW�
increase in insertion torque and a concomitant reduction in 
micromotion was noted with an increase in bone density 
values.>��@ Berardini et al.>��@�DQG�/L�et al.>��@ in a review reported 
QR� VLJQLÀFDQW� GLIIHUHQFH� LQ� FUHVWDO� ERQH� UHVRUSWLRQ� DQG�
failure rate between implants inserted with either high- or 
low-insertion torque values. They also demonstrated the 
ability of  OD drills to increase the % of  BV and % of  
%,&�IRU�GHQWDO�LPSODQWV�LQVHUWHG�LQWR�SRRU�GHQVLW\�ERQH�
FRPSDUHG�WR�FRQYHQWLRQDO�RVWHRWRPLHV��ZKLFK�PD\�KHOS�LQ�
HQKDQFLQJ�RVVHRLQWHJUDWLRQ�>�����@

Newer methods such as cutting torque resistance analysis 
GHYHORSHG�E\�-RKDQVVRQ�DQG�6WULG�ZDV�DOVR�VXJJHVWHG�DV�
D�WRRO�WR�HYDOXDWH�LPSODQW�SULPDU\�VWDELOLW\�>��@�but nothing 
VSHFLÀF�KDV�EHHQ�GRFXPHQWHG�LQ�WKH�OLWHUDWXUH�ZLWK�UHJDUG�
to OD.

OSSEODENSIFICATION VERSUS 
CONVENTIONAL OSTEOTOMY

Biomechanical capabilities of  implants are affected by various 
IDFWRUV��ZKLFK� LQFOXGH� LPSODQW�PDFUR�PLFURJHRPHWU\��
QDQRVXUIDFH�PRGLÀFDWLRQV�� DQG� RVWHRWRP\� WHFKQLTXHV�
employed.>�����@ Standard drills used in implant site 
RVWHRWRP\�H[FDYDWH�ERQH�WR�IDFLOLWDWH�LPSODQW�SODFHPHQW��
7KH\�SURGXFH�HIIHFWLYH�FXWWLQJ�RI �ERQH�EXW�ODFN�WKH�GHVLJQ�
capability to create a precise circumferential osteotomy. 
2VWHRWRPLHV�� WKHUHIRUH��EHFRPH�HORQJDWHG�DQG�HOOLSWLFDO�
due to the imprecise cutting of  the drills. This leads to a 
UHGXFWLRQ�RI �WRUTXH�GXULQJ�LPSODQW�LQVHUWLRQ��OHDGLQJ�WR�
poor primary stability and contributing to the potential 
IRU�QRQLQWHJUDWLRQ�RI �LPSODQW��)XUWKHUPRUH��RVWHRWRPLHV�
SUHSDUHG�LQ�GHÀFLHQW�ERQH�PD\�SURGXFH�HLWKHU�EXFFDO�RU�
OLQJXDO�GHKLVFHQFH��ZKLFK�UHVXOWV�LQ�D�UHGXFWLRQ�RI �SULPDU\�
stability and necessitates an additional bone grafting adding 
to the total cost of  treatment and increasing healing time.

8QGHUVL]LQJ�WKH�LPSODQW�VLWH�SUHSDUDWLRQ>�����@ and using the 
osteotomes for bone condensation>�����@ are some of  the 
surgical methods advised to increase primary stability in 
LPSODQWV�DQG���RI �%,&�LQ�SRRU�GHQVLW\�ERQH��2EVHUYDWLRQV�
were also made of  different healing patterns and 
peri-implant bone-remodeling models.>�����@ The alternative 
WR�LPSODQW�GULOOLQJ�SURFHGXUHV�LQ�WKH�SRVWHULRU�PD[LOOD�LV�
the osteotome technique>��@ that aims to compact the bone 
with the mechanical action of  cylindrical instruments along 

Total articles
(electronic search) n = 195

Duplicates removed
n = 4

Total articles remaining
n = 191

Articles not related to dentistry
n = 22

Articles screened and
selected n = 169 Aricles not satisfying

inclusion/exclusion
Criteria  n = 166

Articles selected n = 3

Figure 4:�&KCITCO�UJQYKPI�UGCTEJ�TGUWNVU
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the osteotomy walls. This procedure created trabecular 
IUDFWXUHV�ZLWK�GHEULV��ZKLFK�FDXVHG�DQ�REVWUXFWLRQ�WR�WKH�
process of  osseointegration.>��@

OD osteotomy diameters were found to be smaller than 
conventional osteotomies prepared with the same burs 
due to the springy nature and elastic strain of  bone. This 
increased the percent of  bone available at the implant site 
E\� DERXW� WKUHH� WLPHV��+LVWRPRUSKRORJLFDO� DQDO\VLV� KDV�
demonstrated the presence of  autogenous bone fragments 
LQ� WKH� RVVHRGHQVLÀHG� RVWHRWRP\� VLWHV�� HVSHFLDOO\� LQ� WKH�
bone of  low mineral density relative to regular drills.>��@ 
These fragments acted as nucleating surfaces promoting 
new bone formation around the implants and providing 
JUHDWHU�ERQH�GHQVLW\�DQG�EHWWHU�VWDELOLW\��*LO�et al. found 
QR�VWDWLVWLFDOO\�VLJQLÀFDQW�GLIIHUHQFH�LQ�ERQH�DUHD�IUDFWLRQ�
occupancy as a result of  drilling technique (P� �������>��@

CONCLUSION

OD is a specialized procedure for osteotomy preparation 
WKDW� LV� LQKHUHQWO\� ERQH�SUHVHUYLQJ��8QOLNH� FRQYHQWLRQDO�
RVWHRWRP\��LW�XVHV�VSHFLDOL]HG�KLJK�VSHHG�GHQVLI\LQJ�EXUV�
to prepare osteotomy and autograft bone in the phase of  
SODVWLF�GHIRUPDWLRQ��7KLV�UHVXOWV�LQ�DQ�H[SDQGHG�RVWHRWRP\�
with preserved and dense compacted bone tissue that helps 
maintain ridge integrity and allows implant placement with 
VXSHULRU� VWDELOLW\��8VH�RI �YHUVDK�GULOOV� LQ�2'� OHG� WR� WKH�
formation of  undersized osteotomy when compared to 
conventional drills. It helped improve bone density and also 
increased the percent of  BV and increased bone-to-implant 
FRQWDFW�� WKHUHE\� LPSURYLQJ� LPSODQW� VWDELOLW\�� &XUUHQW�

literature evidence is inadequate to draw any concrete 
FRQFOXVLRQV��DQG�PRUH�VWXGLHV�DUH�UHFRPPHQGHG� LQ� WKLV�
ÀHOG�
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osseointegration of conical and parallel 
walled implants in low-density bone (total 
implants=30; 15 parallel, 15 conical)

Significantly higher BIC to OD 
techniques (P<0.05) was observed compared 
to regular drilling

Erich Meyer, 
Daniel Greenshields, 
Salah Huwais

In vivo animal study 12 Three preparation techniques
i. SD with rotary bur
ii. ED with Densah® bur
iii. OD with Densah® bur rotating in 
reversed, noncutting direction (total 
sites=72)

No differences in ISQ between the groups
3°C increase during drilling and 6°C during OD
Bone mineral density increased around 
periphery and bottom of OD holes
Bone particles autografted into walls and 
bottom creating smoother OD holes
BIC was increased to 3 times for OD versus SD

Trisi P , 
Bernardini M, Falco A , 
Podaliri Vulpiani

In vivo animal study 2 Ten 3.8 mm ×10 mm implants were inserted 
in the left side using the conventional 
drilling method (control group)
Ten 5 mm ×10 mm implants were inserted 
in the right side (test group) using the OD 
procedure (Versah)

No implant failures were observed after 
2 months of healing
Significant increase of ridge width 
and (%BV) (approximately 30% higher) was 
detected in the test group
Significantly better removal torque values and 
micromotion under lateral forces (value of 
actual micromotion) were recorded for the test 
group in respect with the control group

SD: Standard drilling, ED: Extraction drilling, OD: Osseodensification, BIC: Bone–implant contact, ISQ: Implant stability quotient, %BV: Bone 
volume percentage
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��� +XZDLV�6��,QYHQWRU��)OXWHG�RVWHRWRPH�DQG�VXUJLFDO�PHWKRG�IRU�XVH��
86�3DWHQW�$SSOLFDWLRQ�86����������������-DQXDU\�������

��� +XZDLV� 6�� $XWRJUDIWLQJ�2VWHRWRPH��:2�������������*HQHYD��
6ZLW]HUODQG��:RUOG� ,QWHOOHFWXDO�3URSHUW\�2UJDQL]DWLRQ�3XEOLFDWLRQ��
�����

���� +XZDLV�6��0H\HU�(��2VVHRGHQVLÀFDWLRQ��$�QRYHO�DSSURDFK�LQ�LPSODQW�
RVWHRWRP\�SUHSDUDWLRQ� WR� LQFUHDVH� SULPDU\� VWDELOLW\�� ERQH�PLQHUDO�
GHQVLW\�DQG�ERQH�WR�LPSODQW�FRQWDFW��,QW�-�2UDO�0D[LOORIDF�,PSODQWV�
��������������

���� )URVW� +0�� $� EULHI � UHYLHZ� IRU� RUWKRSHGLF� VXUJHRQV�� )DWLJXH�
damage (microdamage) in bone (its determinants and clinical 
LPSOLFDWLRQV���-�2UWKRS�6FL���������������

���� 0H\HU� (*��+XZDLV� 6�� 2VVHRGHQVLILFDWLRQ� LV� D� 1RYHO� ,PSODQW�
Preparation Technique that Increases Implant Primary Stability by 
&RPSDFWLRQ�DQG�$XWR�*UDIWLQJ�%RQH��6DQ�)UDQFLVFR��&$��$PHULFDQ�
$FDGHP\�RI �3HULRGRQWRORJ\�������

���� +XZDLV�6��(QKDQFLQJ�LPSODQW�VWDELOLW\�ZLWK�RVVHRGHQVLÀFDWLRQ��$�WZR�
\HDU�IROORZ�XS��,PSODQW�3UDFW��������������

���� $OEUHNWVVRQ� 7�� %UnQHPDUN� 3,�� +DQVVRQ� +$�� /LQGVWU|P� -��
Osseointegrated titanium implants. Requirements for ensuring a 
ORQJ�ODVWLQJ��GLUHFW�ERQH�WR�LPSODQW�DQFKRUDJH�LQ�PDQ��$FWD�2UWKRS�
6FDQG����������������

���� 6¡EDOOH� .�� %URFNVWHGW�5DVPXVVHQ� +�� +DQVHQ� (6�� %�QJHU� &��
+\GUR[\DSDWLWH� FRDWLQJ�PRGLILHV� LPSODQW�PHPEUDQH� IRUPDWLRQ��
&RQWUROOHG�PLFURPRWLRQ� VWXGLHG� LQ� GRJV�� $FWD�2UWKRS� 6FDQG�
���������������

���� 6¡EDOOH� .�� +DQVHQ� (6�� %URFNVWHGW�5DVPXVVHQ� +�� %�QJHU� &��
+\GUR[\DSDWLWH�FRDWLQJ�FRQYHUWV�ÀEURXV�WLVVXH�WR�ERQH�DURXQG�ORDGHG�
LPSODQWV��-�%RQH�-RLQW�6XUJ�%U���������������

���� 6]PXNOHU�0RQFOHU�6��6DODPD�+��5HLQJHZLUW]�<��'XEUXLOOH�-+��7LPLQJ�
of  loading and effect of  micromotion on bone-dental implant 
LQWHUIDFH��5HYLHZ�RI � H[SHULPHQWDO� OLWHUDWXUH�� -� %LRPHG�0DWHU�5HV�
����������������

���� 7ULVL� 3�� %HUDUGLQL�0�� )DOFR� $�� 3RGDOLUL� 9XOSLDQL�0�� (IIHFW� RI �
LPSODQW� WKUHDG� JHRPHWU\� RQ� VHFRQGDU\� VWDELOLW\�� ERQH� GHQVLW\�� DQG�
ERQH�WR�LPSODQW�FRQWDFW��$�ELRPHFKDQLFDO�DQG�KLVWRORJLFDO�DQDO\VLV��
,PSODQW�'HQW����������������

���� %HUDUGLQL�0��7ULVL� 3�� 6LQMDUL� %�� 5XWMHV�$:��&DSXWL� 6�� 7KH� HIIHFWV�
of  high insertion torque versus low insertion torque on marginal 
ERQH�UHVRUSWLRQ�DQG�LPSODQW�IDLOXUH�UDWHV��$�V\VWHPDWLF�UHYLHZ�ZLWK�
PHWD�DQDO\VHV��,PSODQW�'HQW����������������

���� /L�+��/LDQJ�<��=KHQJ�4��0HWD�DQDO\VLV�RI �FRUUHODWLRQV�EHWZHHQ�PDUJLQDO�
ERQH�UHVRUSWLRQ�DQG�KLJK�LQVHUWLRQ�WRUTXH�RI �GHQWDO�LPSODQWV��,QW�-�
2UDO�0D[LOORIDF�,PSODQWV����������������

���� 7ULVL�3��%HUDUGLQL�0��)DOFR�$��3RGDOLUL�9XOSLDQL�0��1HZ�RVVHRGHQVLÀFDWLRQ�
implant site preparation method to increase bone density in low-density 

ERQH� In vivo HYDOXDWLRQ�LQ�VKHHS��,PSODQW�'HQW���������������
���� /DKHQV�%��1HLYD�5��7RYDU�1��$OLIDUDJ�$0��-LPER�5��%RQIDQWH�($��

et al.� %LRPHFKDQLFDO� DQG� KLVWRORJLF� EDVLV� RI � RVVHRGHQVLÀFDWLRQ�
drilling for endosteal implant placement in low density bone. 
$Q� H[SHULPHQWDO� VWXG\� LQ� VKHHS�� -�0HFK� %HKDY� %LRPHG�0DWHU�
��������������

���� 6ZDPL�9��9LMD\DUDJKDYDQ�9�� 6ZDPL�9��&XUUHQW� WUHQGV� WR�PHDVXUH�
LPSODQW�VWDELOLW\��-�,QGLDQ�3URVWKRGRQW�6RF����������������

���� &RHOKR�3*��-LPER�5��2VVHRLQWHJUDWLRQ�RI �PHWDOOLF�GHYLFHV��&XUUHQW�
trends based on implant hardware design. Arch Biochem Biophys 
����������������

���� $OJKDPGL�+��$QDQG�36��$QLO�6��8QGHUVL]HG�LPSODQW�VLWH�SUHSDUDWLRQ�WR�
HQKDQFH�SULPDU\�LPSODQW�VWDELOLW\�LQ�SRRU�ERQH�GHQVLW\��$�SURVSHFWLYH�
FOLQLFDO�VWXG\��-�2UDO�0D[LOORIDF�6XUJ���������H�������

���� 'HJLGL�0��'DSULOH�*��3LDWWHOOL�$��,QÁXHQFH�RI �XQGHUSUHSDUDWLRQ�RQ�
SULPDU\�VWDELOLW\�RI �LPSODQWV�LQVHUWHG�LQ�SRRU�TXDOLW\�ERQH�VLWHV��$Q 
in vitro VWXG\��-�2UDO�0D[LOORIDF�6XUJ����������������

���� 6XPPHUV�5%��$� QHZ� FRQFHSW� LQ�PD[LOODU\� LPSODQW� VXUJHU\�� 7KH�
RVWHRWRPH�WHFKQLTXH��&RPSHQGLXP�������������������������

���� %RXVWDQ\�&0��5HHG�+��&XQQLQJKDP�*��5LFKDUGV�0��.DQDZDWL�$��
(IIHFW� RI � D�PRGLÀHG� VWHSSHG� RVWHRWRP\� RQ� WKH� SULPDU\� VWDELOLW\�
RI �GHQWDO�LPSODQWV�LQ�ORZ�GHQVLW\�ERQH��$�FDGDYHU�VWXG\��,QW�-�2UDO�
0D[LOORIDF�,PSODQWV���������������

���� &DPSRV�)(��*RPHV�-%��0DULQ�&��7HL[HLUD�+6��6X]XNL�0��:LWHN�/��
et al. Effect of  drilling dimension on implant placement torque and 
HDUO\�RVVHRLQWHJUDWLRQ�VWDJHV��$Q�H[SHULPHQWDO�VWXG\�LQ�GRJV��-�2UDO�
0D[LOORIDF�6XUJ���������H������

���� &RHOKR�3*��0DULQ�&��7HL[HLUD�+6��&DPSRV�)(��*RPHV�-%��*XDVWDOGL�)��
et al. Biomechanical evaluation of  undersized drilling on implant 
ELRPHFKDQLFDO�VWDELOLW\�DW�HDUO\�LPSODQWDWLRQ�WLPHV��-�2UDO�0D[LOORIDF�
6XUJ���������H������

���� 0XQMDO�6��0XQMDO�6��+D]DUL�3��0DKDMDQ�+��0XQMDO�$��0HKWD�'6��et al. 
(YDOXDWLRQ�RI �VSHFLÀFDOO\�GHVLJQHG�LPSODQWV�SODFHG�LQ�WKH�ORZ�GHQVLW\�
MDZ� ERQHV�� $� FOLQLFR�UDGLRJUDSKLFDO� VWXG\�� &RQWHPS�&OLQ�'HQW�
������������

���� %�FKWHU�$��.OHLQKHLQ]�-��:LHVPDQQ�+3��.HUVNHQ�-��1LHQNHPSHU�0��
:H\KURWKHU�+9��et al. Biological and biomechanical evaluation of  bone 
remodelling and implant stability after using an osteotome technique. 
&OLQ�2UDO�,PSODQWV�5HV�������������

���� 6WDYURSRXORV�$��1\HQJDDUG�-5��/DQJ�13��.DUULQJ�7��,PPHGLDWH�ORDGLQJ�
RI �VLQJOH�6/$�LPSODQWV��'ULOOLQJ�YV��RVWHRWRPHV�IRU�WKH�SUHSDUDWLRQ�
RI �WKH�LPSODQW�VLWH��&OLQ�2UDO�,PSODQWV�5HV���������������

���� *LO�/)��6DUHQGUDQDWK�$��1HLYD�5��0DUmR�+)��7RYDU�1��%RQIDQWH�($��
et al.�%RQH�KHDOLQJ�DURXQG�GHQWDO�LPSODQWV��6LPSOLÀHG�YV��FRQYHQWLRQDO�
GULOOLQJ�SURWRFROV�DW�VSHHG�RI �����USP��,QW�-�2UDO�0D[LOORIDF�,PSODQWV�
���������������
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