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B84)(@7812?(3(?7@;28B2@=521(18?4;*@(::7152V!2<8152*9<*@7@9@52RJ2
C(*2 (**5**5>2=7*@8:8D7?(::;2 (1>2 =7*@8)843=8)5@47?(::;2 (@2@C82
@7)523871@*A2$2(1>2.2)81@=*2(B@5427)3:(1@(@781A2712@=52=9)(12
*719*2?(67@;F2U=52<8152)5@(<8:7*)2C7@=712@=5245*7>9(:2<8152(1>2
(9D)51@5>245D7812C(*25)3=(*7E5>F2R5C2<8152@7**952B84)(@7812
*@(4@71D2B48)2@=52<815I<78)(@547(:271@54B(?52?89:>2<528<*5465>2
�K�P���D�Q�V�J���U�V�W�F�[���I�T�Q�W�R�U���Y�J�K�N�G���P�Q���U�V�C�V�K�U�V�K�E�C�N�N�[���U�K�I�P�K�•�E�C�P�V���F�K�H�H�G�T�G�P�E�G��
71215C2<8152B84)(@7812?89:>2<52>5@5?@5>2(B@542$2(1>2.2)81@=*F2
U=545B845A2 7@2 C(*2 ?81?:9>5>2 @=(@2 7)3:(1@2 71*54@7812 712 45D781*2
(9D)51@5>2C7@=2@=7*2<8152*9<*@7@9@52)(@547(:2?89:>2<52?81*7>545>2
(:45(>;2(B@542$2)81@=*FS--T

012@=52345*51@2*@9>;A2@=52=7*@8:8D7?(:A2=7*@8)843=8)5@47?(:A2(1>2
?:717?(:245*9:@*28B2@=52354B84)5>2*3:7@I)89@=2@47(:2C5452?8)3:5@5>2
<;2 (2 @=455I>7)51*781(:2 4(>78D4(3=7?2 (1(:;*7*A2 @82 >5@54)7152
@=52 68:9)5@47?2 ?=(1D5*2 8B2 @=52 @C82 >7BB5451@2 <8152 *9<*@7@9@52
)(@547(:*A2C=7?=2=(652<5512 (9D)51@5>2712@=52*719*2?(67@;28B2
3(@751@*2 C7@=2?(1?542 (1()15*7*F2 ^5(*945)51@*2 C5452 )(>52 (@2
@C82@7)523871@*A2>745?@:;2(B@542(9D)51@(@7812(1>2.2)81@=*2:(@542
(@2 @=52 71*54@7812 8B2 >51@(:2 7)3:(1@*2 712 @=52 (9D)51@5>2 45D781F2
O7@=2/0PIX!\P2*8B@C(452MN5154(:2_:5?@47?2V5(:@=?(45A2\=(:B81@2
P@F2N7:5*A2N45(@2J47@(71QA2@=52(9D)51@5>2<78)(@547(:2C(*2)(4G5>2712
@=455I>7)51*781(:2?8)39@5>2@8)8D4(3=;2M\UQ2*?(1*2712@=52Y7D7@(:2
0)(D71D2(1>2\8))917?(@781*2712^5>7?7152MY0\K^Q2B84)(@2(1>2
?(:?9:(@5>2<;2451>5471D27124(>78D4(3=7?27)(D5*F2`8:9)52?=(1D5*2
C5452 ?(:?9:(@5>2 (*2 (2 354?51@(D52 8B2 @=52 71*54@5>2 <78)(@547(:2
B4(?@7812@82>5@54)7152@=5238@51@7(:2>5D4(>(@78128B2<8@=2H518D5157?2
(1>2*;1@=5@7?2<78)(@547(:F2O7@=2@=7*2)5@=8>A23456789*:;28<@(715>2
=7*@8:8D7?2 (1>2 =7*@8)843=8)5@47?2 45*9:@*2 @=(@2 (1(:;E5>2 @=52
@7**95245(?@7812@82<8@=2)(@547(:*2712@=52=9)(12*719*2?(67@;2?89:>2
<52?47@7?(::;245675C5>F2U=52(7)2C(*2@827165*@7D(@52C=5@=542@=52
(<865I)51@7815>245*9:@*2D(715>2<;2=7*@8)843=8)5@47?(:2(1(:;*5*2
?(12*8)5=8C2<5245348>9?5>2<;2(33:;71D2@=52181*94D7?(:2(1>2
@=9*2a181I716(*765b2)5@=8>28B2\UF
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MATERIALS AND METHODS

Study design/patient population
U=52 345*51@A2 4(1>8)7E5>A2 348*35?@7652 ?:717?(:2 *@9>;2 C(*2
(334865>2<;2@=52_@=7?*2\8))7@@5528B2@=52c17654*7@;28B2d4(1GB94@2
�C�O�� �/�C�K�P�� �C�P�F�� �E�Q�P�F�W�E�V�G�F�� �C�E�E�Q�T�F�K�P�I�� �V�Q�� �V�J�G�� �•�H�V�J�� �T�G�X�K�U�K�Q�P�� �Q�H�� �V�J�G��
O84:>2^5>7?(:2 !**8?7(@7812Y5?:(4(@78128B2V5:*71G72#]]]F2 !::2
3(@751@*2D(65271B84)5>2?81*51@2<5B8452@=52*719*2(9D)51@(@7812
348?5>945F2!*23456789*:;2>5*?47<5>A257D=@23(4@:;2842?8)3:5@5:;2
�G�F�G�P�V�W�N�Q�W�U���R�C�V�K�G�P�V�U���
�•�X�G���Y�Q�O�G�P���C�P�F���V�J�T�G�G���O�G�P�����Y�K�V�J���U�S�W�C�O�Q�W�U��
?5::2?(4?718)(A2(BB5?@71D2>7BB5451@2*7@5*28B2@=5284(:2?(67@;2@826(4;71D2
5H@51@*A2 B48)2 @=52 Y53(4@)51@2 B842 K4(:A2 \4(178I)(H7::8B(?7(:2
(1>2 d(?7(:2 X:(*@7?2 P94D54;A2 d4(1GB94@2 ()2 ^(71A2 C5452 5148::5>2
712@=52*@9>;F2012(::23(@751@*A2@=52?(1?542C(*2?8)3:5@5:;2?945>2
<5B8452 *719*2 (9D)51@(@7812 C(*2 354B84)5>2 712 (2 *3:7@I)89@=2
>5*7D12C7@=25(?=28B2@=52<8152*9<*@7@9@52)(@547(:*2JK2(1>2RJ2
71*54@5>24(1>8):;28128152*7>5F2!B@542.2)81@=*28B2=5(:71DA2>51@(:2
7)3:(1@*2 C5452 71*54@5>2 712 @=52 (9D)51@5>2 45D781*2SU(<:52-TF2
P7)9:@(1589*:;A2<8152 <783*75*2C54525H@4(?@5>2B842=7*@8:8D7?(:2
(1>2=7*@8)843=8)5@47?(:2(1(:;*5*FS-T

U7)523871@*28B2\U2*?(1245?84>71D2C5452*5@271@8245D9:(42?(1?542
*@(D71D284>542@82(687>29115?5**(4;2744(>7(@78128B2@=523(@751@*F2
0))5>7(@5:;2(B@542*719*2(9D)51@(@781A2\U2*?(1*2C545245?84>5>2
@82?81@48:2@=52(9D)51@(@781245*9:@*2(1>2.2)81@=*2:(@542<5B8452
7)3:(1@23:(?5)51@2@823:(12@=527)3:(1@238*7@781F

\U2 *?(1*2 C5452 (1(:;E5>2 C7@=2 @=52 /0PIX!\P2 *8B@C(452 B48)2
(12 5H354751?5>2 4(>78:8D7*@2 C=82 C(*2 <:71>5>2 @82 @=52 *94D7?(:2
348?5>9452(1>2@=52>7*@47<9@78128B2@=52(9D)51@5>2<78)(@547(:*2@82
56(:9(@5268:9)5@47?2?=(1D5*28B2@=52(9D)51@5>2<8152*9<*@7@9@52
)(@547(:2C7@=712@=52*719*2?(67@;F

Surgical procedure
!??84>71D2 @82 @=52 3456789*:;2 >5*?47<5>2 )5@=8>*A2 *719*2
(9D)51@(@7812 C(*2 ?81>9?@5>2 712 57D=@2 3(@751@*2 712 D5154(:2
(15*@=5*7(F2\45*@(:271?7*7812(1>2)8<7:7E(@78128B2(265*@7<9:(4I<(*5>2
�O�W�E�Q�R�G�T�K�Q�U�V�G�C�N�� �€�C�R�� �Y�G�T�G�� �R�G�T�H�Q�T�O�G�F�� �V�Q�� �Q�D�V�C�K�P�� �C�E�E�G�U�U�� �V�Q�� �V�J�G��
348?5**9*2 )(H7::(47*FS-T2 O7@=2 (2 X75E8*94D54;L2 >567?52M^5?@481A2
\8:8D15A2N54)(1;QA2(2 :(@54(:2C71>8C2C(*25H@4(?@5>A2(1>2@=52
P?=157>547(12 )5)<4(152 C(*2 5H38*5>F2 c*71D2 *719*2 5:56(@842
71*@49)51@*2 8B2 >7BB5451@2 *=(35*2 (1>2 *7E5*A2 @=52 )5)<4(152
C(*2 5:56(@5>2 @82 51:(4D52 @=52 *9<(1@4(:2 *3(?5F2 !B@54C(4>A2 <8@=2
<86715I<(*5>2<8152*9<*@7@9@52)(@547(:2JK2(1>2(::83:(*@7?2<8152
*9<*@7@9@52 )(@547(:2 RJA2 )7H5>2 C7@=2 <:88>2 5H@4(?@5>2 B48)2 @=52
*94D7?(:2*7@5A2C54524(1>8):;27)3:(1@5>2712@=52*719*2?(67@75*28B2
5(?=2*7>5F2U=52:(@54(:2C71>8C2C(*2?86545>2C7@=2(21(@7652?8::(D512

!"[

)5)<4(15 2MJ78IN7>5LA2N57*@:7?=A2O8:=9*51A2P97**5Q2(1>2C891>2
?:8*9452C(*2(?=7565>2C7@=2*71D:52*9@945*F

P7H2 )81@=*2 (B@542 (9D)51@(@781A2 >51@(:2 7)3:(1@*2M\!^eKN L2
P?45CIe715A2\():8D2J78@5?=18:8D75*A2J(*5:A2PC7@E54:(1>Q2C5452
3:(?5>2*7)9:@(1589*:;2C7@=2@=525H@4(?@78128B2<8152<783*75*2B842
@=52(B845)51@7815>2=7*@8:8D7?(:27165*@7D(@781F

!2>5@(7:5>27@5)7E(@78128B27)3:(1@219)<54*2(1>2*7@5*27*2D76512712
U(<:52-F

Bone grafting substitutes
!"#$%$#&'

R(18J815 L2MRJA2 !4@8**A2 /8*@8?GA2 N54)(1;QA2 (2 ?8)3:5@5:;2
*;1@=5@7?2<8152*9<*@7@9@52)(@547(:A27*2?8)38*5>28B2V!2?4;*@(::7@5*2
5)<5>>5>2 712 (2 )(@47H2 8B2 *@49?@945>2 *7:7?(2 D5:F2 U=52 D4(19:5*A2
C7@=2(12(654(D52*7E528B2.]2�P)A2(452)(19B(?@945>2C7@=2(2*8:ID5:2
@5?=17W95F2U=545<;A2*71@5471D2?(12<52(687>5>F2U=52)(19B(?@9471D2
348?5**245*9:@*2712(238452*7E52C7@=712@=52<8152*9<*@7@9@52)(@547(:28B2
-]]f-]]] 2�P) 2M)(?483845*Q2842#f-]2�P) 2M)7?483845*QA2(1271@541(:2
*94B(?528B2932@82,%2)#gDA2(1>2(2)(@547(:23848*7@;28B2.]hf,]hFS-.A-'T

%($)*++'

J78IK**L2MJKA2N57*@:7?=2J78)(@547(:*A2O8:=9*51A2PC7@E54:(1>QA2
(2H518D5157?2>5348@5717E5>2<8152)7154(:2C7@=2<867152847D71A27*2
348?5**5>2<;2*71@5471D2712(2=7D=:;2(:G(:7152*8:9@7812(1>2*@547:7E5>2
<;2 D())(2 4(>7(@781F2 K4D(17?2 ?8)38151@*2 (452 45)865>2 <;2 (2
?=5)7?(:25H@4(?@7812348?5**2@82(687>2>7*5(*52@4(1*)7**781F2J8152
*9<*@7@9@52D4(19:5*2=(652(2>7()5@542B48)2]F#&2@82-F]2))A238452
*7E5*24(1D71D2B48)2(2B5C21(18)5@54*2@82-&]]21)A2(1>2(2)(@547(:2
3848*7@;28B2']hf'&hFS,A-,A-[ T

Radiographic analysis
,"-($./"01(23(4".&+
0)(D5*2C545245?84>5>2B8423458354(@7652>7(D18*@7?*2(1>23:(1171DA2
38*@8354(@7652 (9D)51@(@7812 ?81@48:A2 (1>2 .2)81@=*2 <5B8452
7)3:(1@2 3:(?5)51@2 C7@=2 *@(1>(4>7E5>2 :8CI>8*52 \U2MP51*(@7812
-.2(1>2`8:9)52i88)A2P75)51*2V5(:@=?(45A2_4:(1D51A2N54)(1;Q2
(1>2(125BB5?@7652>8*528B2--]2)!F2U=52B8::8C71D2*5@@71D*2C5452
9*5>j2@9<5268:@(D5j2-#]2G`A2*?(12@7)5j2$f-]2*A2:(;542@=7?G15**j2
#2)) 2M]F'&2))Q2C7@=2*(D7@@(:2(1>2?8481(:245?81*@49?@781A2(1>2
@(<:52 )865)51@g37@?=j2 ]F[F2X(@751@*23(4@7?73(@71D2712@=7*2*@9>;2
C5452 (::25148::5>2712?:717?(:2 (1>24(>78:8D7?(:2 (B@54?(452>952@82
=5(>2(1>215?G2?(1?542(1()15*7*F2\U27)(D5*2C545245?84>5>2712
(D455)51@2C7@=2@=5245D9:(424(>78:8D7?2@9)842(B@54?(452@82(687>2
9115?5**(4;24(>7(@781F

!"-]

>,03')?:)@'&,63'() "5'+56'8) "4)&-')2%#0'+) ,2()16&'1) "4)$3,7'()6#$3,2&1)62)&-') ,%*#'2&'() ,2()2"2,%*#'2&'()+'*6"21A)
>-')7"2&'2&) "4)&-61)46*%+') -,1) ,3+',(.)0''2)$%0361-'()0.)&-') ,%&-"+)62) ,) (644'+'2&)4"+#B?C

D,&6'2& E%#0'+) "4)6#$3,2&1)
,2()16&'1)F%$$'+)G,8H

E%#0'+) "4)6#$3,2&1)
,2()16&'1)F3"8'+)G,8H

I#$3,2&1)$3,7'()62)J6"/K11L )
,%*#'2&'()+'*6"21

I#$3,2&1)$3,7'()62)E,2"J"2'L )
,%*#'2&'()+'*6"21

3 MN&3J+&3O+&3M+&=J+&=O+&=M=N&J3+&P3 = =
= MN&3J+&3O+&3M+&=3+&=J+&=MPN&J=+&JJ+&P=+&PJ 3 3
J MN&3J+&3O+&3M+&=J+&=O+&=M Q = =
P MN&3J+&3P+&3M+&=J+&=P+&=MPN&J=+&JJ+&P=+&PJ 3 3
O MN&33+&3O+&3M+&=P+&=O+&=MPN&J3+&J=+&P3+&P= = =
M MN&3P+&3O+&3M+&=P+&=O+&=M=N&J3+&J= = =
R L):S%)E&/A?2$#-$-/"# L):S%)E&/A?2$#-$-/"# L):S%)E&/A?2$#-$-/"# L):S%)E&/A?2$#-$-/"#
T MN&3J+&3O+&3R+&=J+&=O+&=M Q = =
@"-$2 P=&/A?2$#-% 3M&/A?2$#-% 3= 3=

!"-%



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

!"#$%&'(!"#$%)*(+,%%-%.(/-/0$(1-22-%.333 !"-

'(()*+",-".)/0**,-)10)*"2345647"8"C3*7"A"D616E:64"#$%&"8"F,*3E6"&"8"G++36"#I

���v���o�Ç�Ì�]�v�P���•�}�L�Á���Œ��
\U2*?(1*2C5452(1(:;E5>2C7@=2@=52*8B@C(452/0PIX!\P2!O2P97@52
#F]2MN5154(:2 _:5?@47?2 V5(:@=?(45A2 \=(:B81@2 P@F2 N7:5*A2 N45(@2
J47@(71Q2@82>5@54)7152@=52(9D)51@(@781268:9)527))5>7(@5:;2(B@542
<78)(@547(:271*54@7812(1>2.2)81@=*2:(@54F2U=52/0PIX!\P2*;*@5)27*2
*97@(<:52B84267*9(:7E71D2(1>2348?5**71D2)9:@7>7)51*781(:27)(D5*2
B48)2>7BB5451@25W973)51@2M)(D15@7?245*81(1?52@8)8*;1@=5*7*A2
\UA2 5@?FAQ2 (1>2 (::8C*2 (1(:;*7*2 (1>2 348?5**71D2 7)(D5*2 712 @=52
Y0\K^2B84)(@F

d74*@A2 7)(D5*A2 >(@(A2 (1>2 3(@751@*k2 1()5*2 C5452 (181;)7E5>2 @82
D9(4(1@5528<Z5?@765A2<:71>5>2(1(:;*7*F2U=52*8B@C(452*=8C*2@=52
45?84>5>2\U2*?(12(*2(219)<5428B2@C8I>7)51*781(:2*:7?5*A2>5351>71D2
812*:7?52@=7?G15**A2712@=4552>7BB5451@2348Z5?@781*2M?8481(:A2(H7(:A2
(1>2*(D7@@(:QF2d94@=54A2(2@=455I>7)51*781(:2*?(12?89:>2<52D5154(@5>2
B48)2@=52>7BB5451@2@C8I>7)51*781(:2*:7>5*F

012@=52345*51@2*@9>;A2B48)2@=52:(4D5219)<5428B2*8B@C(452@88:*A2
a68:9)52 675C54b2 (1>2 a68:9)52 )5(*945)51@b2 C5452 9*5>A2 @82
56(:9(@52 ?=(1D52 8B2 68:9)52 (1>2 >51*7@;2 8B2 @=52 (9D)51@5>2
)(@547(:*2 >745?@:;2 (B@542 @=52 (9D)51@(@7812 (1>2 .2)81@=*2 :(@54F2
d94@=54)845A2 @=52 >51*7@;2 8B2 @=52 (9D)51@5>2 <8152 *9<*@7@9@52
)(@547(:2(1>2@=52E;D8)(@7?2<8152M45B5451?52<815Q2C(*2(1(:;E5>2
C7@=2@=52*8B@C(452@88:2a>51*7@;2)5(*945)51@Fb

!1(:;*7*28B2@=52D4(B@268:9)52(1>2>51*7@;2C7@=2@=52(<865I)51@7815>2
*8B@C(452C(*2354B84)5>2(*2B8::8C*j
�V�� �5�V�G�R���������#�N�N���N�C�[�G�T�U���Q�H���V�J�G���%�6���K�P���Y�J�K�E�J���V�J�G���C�W�I�O�G�P�V�G�F���C�T�G�C���E�Q�W�N�F��

�D�G���K�F�G�P�V�K�•�G�F���Y�G�T�G���E�J�Q�U�G�P���H�Q�T���C�P�C�N�[�U�K�U�����9�K�V�J���V�J�G���Q�R�Q�N�[�I�Q�P�R���V�Q�Q�N����
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Volumetric changes of the grafts
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Changes in bone density of the grafts
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Figure 1: Coronal sequence of the analyzed computed tomography images 
with marked augmentation material in both sinus cavities

Figure 2: Transversal sequence of the analyzed computed tomography 
images with the marked reference zygomatic bone for bone density 
measurements

Figure  3: Graphical representation of the average volume of the 
Bio-Oss̈  and the NanoBonë grafts immediately and 6 months after 
augmentation (in mm3)

Figure 4: Graphical representation of the comparative volume analysis of 
the Bio-Oss̈  and the NanoBonë grafts 6 months after augmentation (in %)
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Figure 5: Graphical representation of the comparative density analysis 
of the Bio-Oss̈  and the NanoBonë grafts immediately and 6 months 
after augmentation compared to the density of the zygomatic bone (in 
HounsÞeld units; *P < 0.05; �t�t�tP < 0.001)
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CONCLUSION
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