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Osteoconduction Cells, vasculature, and tissue are grown into the scaffold

Osteoinduction The process where MSCs differentiate into osteoblasts via
promotion from growth factors

Osteointegration/Osseointegration Incorporation of the graft at the fusion site as it binds to the
surrounding bone

Osteogenesis Host or graft utilizes donor cells to synthesize new bone

Pseudarthrosis Diagnosis Diagnosis of the absence of solid bony fusion at a minimum
follow-up of 6 months following surgery
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TV Total Volume | Volume of the entire region | mm! Varies based on Varies based on
of interest, including bone graft harvest graft harvest
and its surrounding tissues methodology methodology
Tb.Th Trabecular Mean thickness of mm 151-170 138-212
Thickness trabeculae
Tb.S Trabecular Mean distance between mm 532.1-906.3 400 - 630
Separation trabeculae utilized when
studying porosity
BV/TV Bone Volume Bone Volume to Tissue % 20.1 20.9-33.0
Fraction Volume Ratio
BS/BV Specific Bone Bone Surface to Bone mm”/mm! 13.66 11.1-15.5
Surface Volume Ratio
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Orthogonal Strength: 0.12-8.2 Mpa
Struhl et al (1987) lliac Crest 6 or 8 mm cubes Preload,

Uniaxial Stress ~ Modulus: 5-282 Mpa

Orthogonal Strength: 0.06-15 Mpa
Struhl et al (1987) Vertebral Body 8 and 6 mm cubes Preload,

Uniaxial Stress Modulus: 10-428 Mpa

Assumed to

; Ulitmate Strength: 1.28-1.6 Mpa

Hans et al (1999), Vertebral Bod Cube, 29 subjects, 23-95 Ibnef;fisc;cre-d )
Cendre et al (1999) ¥ ! Jects, ¥ .

superior Modulus: 58.5-134 Mpa

direction

Anterior-

Hans et al (1999)

Vertebral Body

Cube, 7 subjects, 23-67y

posterior and
medial lateral

Modulus: 32.7 and 33 Mpa respectively

directions
Shim et al (2005) Cervical Vertebra 8 subjects, 40-79y N/A Modulus: 286 + 157 MPa
Liu et al (2013) Cervical Vertebra 5 male subjects, 47-79y N/A Ultimate Stress: 5.8 MPa
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Patients n=12

Age (years) 53.9 [38 to 62]
Gender [female:male] [8:4] !
Body Mass Index (BMI) 27.7+5.74 !
Hypertension 4:8 !
Chronic Kidney Disease (CKD) 2:10 !
History of Tobacco Use 6:6 !
Multilevel Disease 9:3 !
Preoperative Serum Calcium 9.59+0.49 !
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9&5"304+A
lliac Crest ,&%5"<31'"&%6&L =
BV/TV (%) 20.73 £3.813 24.72 £6.023 0.09229 ns
Tb.Th (mm) 0.2671 +£0.0874 0.3213 £ 0.0732 0.2036 ns
Tb.S (mm) 0.5945 + 0.0600 0.6337 £0.1112 0.4238 ns
BS/BV (mm?) 21.39 £ 4.607 19.46 £ 5.049 0.03418 cs
TV (mm') 27.01+29.71 22.15+10.91 0.9697 ns

ns, not significant; cs, close significance, p<0.05; * p<0.01
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Graft Location (==0.617)

lliac Crest Cervical Vertebra
Trabecular Neck 52.81[50.90 - 55.74] 52.97 [49.60 - 56.24]
Location
(==0.611T | Shoulder 53.34 [50.90 - 54.79] 51.49 [48.79 - 54.55]

Graft Location x Trabecular Location (== 0.517)

ns, not significant; * p<0.01
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Lumbar Spine Max Stress

Lumbar Spine Failure Modulus

! 0"0@"X<;@D!G"[BCB@<B>!PBCB!?J@G!TBDPBB@!DMBIA?GJF ?1'DMB!'F"; <I<CB>D! ; @G!DMBI<BCE'<; F!
>N'@B!CBO; CGFB>>!?1!G"CB<R?@; FDB>R@0!KNpb(1al]b P™*1010"0@"X<; @!G" [BCB@<B>!PBCB! ;F>?!1?J@G!
TBDPBB@!DMBIA?GIF'I?1!12bi 2dl! ; @G! 2a!CB0; CGFB>>!?1!; @ ;D? A'<; FIR>>JBIF?<; R?@'KNpa(l 1']b - L!

" @<B!OC?JINBGIHIDMB! ,CI>=;F__;F">ICBEB;FBG!>"0@"X<; @D!G" [BCB@<B>!"@!BF; >R<IA?GIFI>!; >>?<"; DBG!
P'DMIDMBI"@DBC; <R?@!?1!G"CB<R?@!; @G!; @ ; D?A"<;FIF?<;R?@KNpalda]b "~ LQI*GG'R?@ ; FHI!>"0@"X< ; @D!

G"[BCB@<B!'@'A;]'>0CB>>IP;>I1?J@GITBDPBBQ@! ; @;D? A'<; FIF?<; R?@!!



C3D1R',4G=%&.."5&'V%4=8&%08&.'48'C%3D&<$13%'U45"+& U4+&'Wc6%3<6&9'8%4G'6:&'d1"3<",%&.6'Sd, T'3+9'e$GD3% '\ & %6 &

Testing Direction P-
Location Mechanical prop
D1 D2 D3 Value
(n=22) Modulus (MPa) 82.5[50.5 - 153] 81.4 [59.6 - 131] 61.3[47.4-73.4] -
IC (n=
Max Stress (MPa) 2.18 [1.74 - 2.94] - - -
( ) Modulus (MPa) 603 [436 - 823] 138 [79.0 - 185] 130[78.2-172] Hokx
LS (n=28
Max Stress (MPa) 12.1[8.59-16.3] - - -

ns, not significant; * p<0.05; ** p<0.01; *** p<0.001
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Table 1. Tha patient damographics and bons morphometnc caleulations for

the ACDF surzery and the iliac crest and cervical spine grafts

Demographics
Age (yrs) Sex (M/F) BMI Smoke (Y-N)
e 53.6[3862] 377 28.7 g
3
2 s _ Morphometrics i
‘” Graft BIT Ib.Th (mm) BS/BV (%) Yolume

(mnt’)
Hip 21.5=3.63 0.276=0.083 21.56=4.65 25.97=31.78

Spine 2332645 0.334=0071 18.00=4.08 24.75z10.00

Figure 1. MicroCT images and Tb.Th (um) heat maps from
carvical spine (top)and iliac crast (bottom) from a singles donor.



SI6(PQPR(8",5=1%5

<)321HI$%E& (%'&)*1+,-.)&/0,1!123%4331!5%/) (1+&30%!) 161+3&7/()*!$./131#'%,88&) 9%!:)&730%"15-.*/()%/,10!9,&!1#1%38&/,&!+3&7/()*!
:10(3(%,-<!)16!="0/,1 I

SH>

9=38#$

1)033?!@A!B,C33&D!HASA

E)(FO,1!+,-3&D!12A%A

+)/%*<1IEAl+ **/10D¥8ICA;A

E,1)%C)1!EA!+)&-,'(C3D!HA;AD!HAZIA#A

3

"1/&8/1/)133(C1+)&/*,11$(C,,*! 91H36/(/13DK!L/73&0/63!+/&(*3DIL,)1,F3D!1/&8/1/)DIKMNOPD!Q1/%36!$%6)%30! 91#-3&/()>
$:3.)&%-31%!,912/,-36/()*|@18/133&/18!)16!H3(C) 1/(0D!1/&8/1/)!J3(CD!2*)(F0?'&8D!I/&8/1/)DIKMNPND!Q1/%36!$86)%30!, 91#-3&/
&3.)8%-31%!,9IR&%C,.)36/(1$'&83&<D!510%/%'%3!9,&IR&%C,.)36/(0!SIT3'&,0(/31(30D!+)&/*/, 11+*/1/(DIKUUOI=&) 1F*/11L,)6!$,'d
L,)1,F3D!1/&8/1/)DIKMNOMD!Q1/%36!$%)%301 91#-38&/()>

3

1/3%#4=>3)#/H
#9%,*,8,'01?,1318&)9%!)'%,8&)9%W!9&,-1%C3!/*/)(1(&30%!V5+W!/0!%C3!8,*6!0%)16)&6!9,&!)1%3&/,&! (3&7/()*16/0(3(%,-<!)16!9'0/,
:,4373&D!1%C3!'03!,915+!)'%,8&)9%!&3X'/&30!)!103(,16!0'&8/()*1/1(/0/,1D!4C/(C!() 1!(,1%&/?'%3!%,!C/8C3&!-,&?/6/%JAY36373*,.3
#+;=19%3(C1/31'0/18!?,13!)'%,8&)9%!9&,-1)6Z) (31%!(3&7/()*! 73&%3?&)3D!3*/-/1)%/18!%C3!1336!9,&!)!03(,16!0'&8/()*!/1(/0/,1AlYC
0/%3!</3*636!)!'1/9,&-1,003,'0!19'0/,11/11)!.&37/,'0!.&,0.3(%/73*<!(,**3(%36!()03!03&/30D!%C3!-,&.C,*,8/()*|(C) &) (Y88&B%%/(0!,9
(3&7()*173&%3?&)*1)'%,8&)9%!&3-)/11'163%3&-/136AlJC303!0%& ' (%'&)*1)16!-)%3&/)*!.&,.3&%/30!/-.) (%!-3(C)1/()*10"..,&%!)16!%C
,0%3,831/(!.&,.3&%/30!,9!%C3!8&)9%A!JC3!.'&.,03!,91%C/0!0%'6<!/0!%,!(,-.)&3")'%,*,8,'0!/*/)(!(&30%")161)6 Z) (3PAKEHR.7/()*! 73&%
?,1318&)9%0!,7%)/136!6'&/18#+;=11%!%C3!%/00'3!*373*1%,!/631%/9<!/9!3X'/7)*31(3!3[/0%0!?3%43311%C3!%4,!8&)9%!0/%30A
3

"238&#4.>1H
J311(,103('%/73!.)%/31%0!'163&8,/18!0%)16)&6!,9!()&3!#+;=D!.&,7/636!?,13!0)-.*30!9&,-1?,%C!(3&7/()*!73&%37&)3!) 16! 5+Al$)-.*
'163&431%!-/(&\(,-.'%36!%,-,8&).C<IV-/(&,+IW!/-)8/18!V2&'F3&!$F<$()1!OO]KD!PN!FID!OP]!-#D!O)-17,[3*10/_3WAIQO/18!U;!$*/(
)1'R%0"%C&30C,*6!4)0")..*/36!%,!)**1&3(,10%&'(%36!-/(&,+J!/-)830!%,!/0,*)%3!?,13!%/00'3!9&,-1?)(F8&,'16A!2,13!7,*'-319&) (%0/,1!
V21" JIWD!%&)?3("*)&!%C/(F1300!VI?AIJCWD!%&)?3(*)&!03.)&)%/,1!'VI?ASWD!%&) ?3(*)&!1'-?3&!VI?ATWD!) 16! 7318)06% 9) (3!%,
V23$ 2I1W!143&3!19%C31!63%3&-/136A!G)/&361293036%9,&!(,1%/1','0!7)&/)?*30!43&3!"036!%, /6 31%/9<!-3)1!6/993&31(30!/1!?,13!
-,&.C,-3%8&/(!.&,.3&%/30!?3%4331!%C3!%4,!0/%30A!JC3!0%'6<!C)0!?331!)..&,736!?<1%C3!+)&/*/,11+*/1/(1510%/%'%/,1)*IL37/34
V5L2WA

Il
?2.='3.3$3731!,91%C3!%31!.)%/31%0!'163&8,/18!#+;=143&3!93-)*3!)16!%C&33!43&3!-)*3D!4/%C!)!-3) 11)83!,9!aM!< 380!V &) 183"
<3)&O0WA!=,'&!.)%/31%0!C)6!)!C/0%,&<!,9MH)EIBA/()**<D!%C3!5+!)'%,8&)9%!4)0!(,10/0%31%*<!*)&83&!4/%C!-,&3!/1%38&/%<!
(,-.)&36!%, 19%C3!0-)**3&!9&)8-31%36!/193&/,&!(3&7/()*'73&%3?&)*1?,13AIJC3!0)-.*3!,7%)/136!9&,-1%C3!5+!14)0!,1!)73&)83!aAKK
*)&83&!1%C)119%C3!0./13!)'%,8&)9%!?,13!9&,-1%C3!0)-3!.)%/31%A!JC3!5+!C)6!)!%&316!9,&!8&3)%3&!-3)116/993&31(3!,912$ 21!V
.ANAN]PW!(,-.)&36!%,!%C3!0./13!4C/*3!1%C3!(3&7/()*!0./13!C)6!)1%&316!9,&!8&3)%3&!-3) 116/993&31(30!,91J?AJCIRKANPM!'-D!.
(,-)&36!%,!%C3!5+A!:,4373&D!%C303!6/993&31(30!43&3!1,%M10/81/9/() 1%A

>t

D=L )HSH

2,1319&,-1%C3!(3&7/()*!73&%37&)3!)16!5+!6/993&!/110C).31)16!(,1() 7/%<!-)(&,0(,./()**<fl%C3!-,&.C,*,8/()*!-3)0'&30!6/6!1,%!
0/81/9/()1%*<16/993&!?3%4331!%C3!%4,!C)&730%!0/%30!/1!%&)?3("*)&!)16!?,13!0'&9)(3!(C) &) (%63&/0%/(0A! ¢/%B3%8RI0!,9!%C?
*/-/%36!7,*-3!,9 1(3&7/()*!0./13!8&)9%!-)%3&/)*!(,-.)&36!%,!%C3!5+Al+)6) 73&/(1)1)*<0/0!,9!(3&7/()*!) 16!5+!)'%0,8&)9%0!-)<!&373)*!
8&3)%3&!6/993&31(30!,&!0/-/*)&/%/30Y/1!1%C3!?,13!-/(&,)&(C/%3(%'&3AIB/7311%C3!('&&31%!9/ 16 80% 6 BRI/A/7F36t/
0%'6/30D!%C3!'03!,9!(3&7/()*10./13!)'%,8&)9%!-)<1?3!210%/9/36 A

I



8816 (PQPR(8",5=1%5

<)3'21#'%,*,8,'012,131B&)9%!R?%)/136!9&, -19%6C3!5*/)(1+&3BRFIGH138%32&)3!,91%C3!$)-3!G)%/31%! @[C/2/%!$/-/%)&H,*3(*)&!) 1
$%8&(%'&)*1+C)&)(%3&10%/(0

1]

9=3&#$ %

1)033?!@A!B,C33&DIPERRO, 1!+,-3&D! 2AASC)&, 11hAIH/(C3*C)'8C D BT #0311 JAI$)-'3*DIHA; AD! HR IS4 1/93&!HAIH'10,1D!
GCA¥®I+)/%*<1IEAl+ */10PDEC NFC) 1IEAI+)&-, (C3D!HA;AD!IMA2AHA

A

"1/&8/1/)133(C1+)&/*,11$(C,,*! 91H36/(/13DIL,)1,F3D!1/&8/1/)DIKMNOPD!Q1/%36!$%)%B0!, 9#-3&/()
$:3.)&%-31%!,912/,-36/()*|@18/133&/18!)16!H3(C) 1/(0D!1/&8/1/)!J3(CD!2*)(F0?'&8D!I/&8/1/)DIKMNPOD!Q1/%36!$26)%30!,91#-38&/
8=8)*/112/,-36/()*1L303)&(C!510%/% %3D!1/&8/1/)|J3(CDIL,)1,F3D!1/&8/1/)DIKMNOPD!Q1/%3615%)%30! 91#-3&/()

1:3.)8%-31%!,9IR&%C,.) 36K&B83&<D!+)&/*/,11+*/1/(DIL,)1,F3D!1/&8/1/)DIKMNOMD!Q1/%36!$9d)%30! 91#-3&/()

1]

1/3$#4=*3)#/#1%38/,&!(38&7/()*16/0(3(%,-<!)16!9'0/, 1IV#+;=W!/0!,13!,919%C3!-,0%!(,--, 1!(3&7/()*10./13!.&,(36'&30A#%,*,8,'0!
2,13188)9%!V)'%,8&)9%W!9&.,-19%C3!/*/)((&30%!V5+W!/0!(,10/63&361%C3!C/0%,&/()*18,*610%)16)&619, &!#+;=1 /QA3EE)B0!23()'03
,0%3,(,16' (%/73D!,0%3,/16'(%/73D!)16!,0%3,831/(!.&,.3&%/30fIC,4373&D!%C3!&3X/&36!03(,16)&<!0'&8/()*10/%3!/01)00, (/) %36
0C,&Up16!*,18\%638&-1(,-.*/()%/, 10A1J,1-/%/8)%3!5+1C)&730%!0/%3!(,-.*/()%/,10D!1%C3!'03!,91)1!)6 Z)(31%!(3&7/(BLIBRIDB2&)*!?
)*%38&1)%1/73!6,1,&10/%3!C)0123311.&37/,'0%<!/631%/9/36AIYC/*310'((3009'*19'0/,1!C) 01733116 3-,10%&) %36 (*/LU¥*<!9,&1%C/010/
.&37/,'010%'6/30D1)!(,-.)&)%/73!)00300-31%!,9!1%C3!,0%3,/16'(%/731)16!,0%3,(,16'(%/73!.&.,.38&%/30!,91(3&7/{J5/DBE}6 328, *
(,-.)&361%,19%C315+IC)0!1,%!?331!/1730%/8)%36AJC3&39,83D!%C3!.'&.,03!,919C/010%'6<!/01%, I(,-.)&31%C3!-, *3(**)&!) 161(3**'*)
(C)&)(%38/0%/(0!,9!)'%,88&)9%!9&,-1%C3!5+1)16!(3&7/()*1T3&%328)3A

1]

"23&#4.>H1.8,0.3(%/7310%'6<14)0!.389,&-36!,11%643*731(,103('%/73!0F 3*3%)**<1-)%'€3!.)%/31%0!'1 63&8,/181#+;=D!9&-14C,-!
)'%,88)9%!-)%3&/)*14)0!C)&730%36!9&.,-1?,%C19%C3!/193&/,8!1(3&7/()*73&%32&)3!) 16!/*/) (1(&30%A!G, &%/, 10!, 91BRED} %,88)9%!
)0030036!"0/18IW!X')1%/%)%/73!8373&031%&)1OE38H)BY C)/11&3)(%/, LIVXIG+LW!) 161K W!-A&, '%36%, -,8&).C<!
V-1(8&,\+IW1/-)8/181%, 1X')1%/9<1)161(,-.)&31%C3!,0%3,831/(18313!3[.&300/,11)16!?,13!-,&.C,*,8/()*!.&,.38%/30!,91?,%C!%6/00'30D!
&30.3(%/73=RXLAG+ID!%/00'3198&,-1?,%C10/%30!4)0!16/830%36!) 16! L T#14)0!3[%&) (%36!.&/,&!%, ) 00300-31%!,91%C3!9, ** 4/18!¢
-1%,(C,16&/)*1-3-2&) 131#JIG10<1%C)03!=IVOW=VNW!+ #IGED/D!)*F)*/13!.C,0.C)%)03!V#gGWD!2,13!H,&.C,8313%/(IG&,%3/1!k
V2HEKWD!7)0(*)&!316,%C3*/)*18&.,4%C19) (%, &1#VI QRSHVEBELAL)10(8&/.%/,119)(%, & KIVLQTIKWD!)16!%'-,&!13(&,0/019)(%,&!
0'.3&9)-/*<1-3-23&100VIT=$=00WAIJC3!3[.&300/,11*373*,913)(ALB)&EBOHE") %361&:3%)%/731%, 1% EBEEEO\VC,'03F33./18!
8313WKL!3)(C!0)-.* 34t &1%C3!-/(&J!)1)*<0/0DY/-)8/18!4)0!.3&9,&-36!'0/181)12&'F3&I$F<$()1!00]KIVPN!FIDIOP]-#D!0]j-17,[3*!
0/_3WAI5-)830143&3!&3(,10%8&'(%36!)161%@3B0I6!/1!U;1$*/(3&!1)16!5-)83E!%, 163%3&-/131%C3!?,13!-,&.C,* 8/()*.&,.38%/30!
,913)(C18&)9%AIR%0'ROGH!4)0!'%/*/_361%,1/0,*)%31?,13196/00'319&.,-12)(F8&, '16A12,1317,*-319&) (%/, 11V2I" JIIWD!%&) ?3(*)&!
9%C/(F1300!VI?AICWD!%&)?3(*)&!03.)&)%/, 1IVI?2A$WD!)16!2,1310'&9)(31%,1?,1317,*-318)%/,IV2$ 2IW!43&3!%C3{368%3&-/136
23%43311%C31%4,18&.,".08G/631%/9/36!'0/18!0% '63436140!9, QVRLL!6)%)!) 161.)/&:36430%0!9, &!-K&116) %) Al$/81/9/()1(3!4)0!
639/136!)0INANO!'0/1812,19388&, 1/!(,&&3(%/,11%,)((,'1%!9,&!-*%/ *313[.*,&)%, &<!(,- }&/0,10A

1]
22.='3.5#1%,%)*1,91%43*731.)%/31%0D!,914C/(C!3/8C%!43&3!93-)*31)16!9,'&!43&3!-)*314/%C!)!-3)11)83! 9laUAe!lIPAe!<3)&0D!(, 1¢
)&%I(1.)%31)16!43&3!31&,**36!/11%C/010%'6<Al$/[!.)%/31%0!C)6!)!C/0%,&<!,91%, ?)((,"'O3AIH)(&,0(,./()**<D!%ER)SPABE3D%!) %,
%)&83&1)16!-,&31/1%)(%!(,-.)&361%,1%C310-)**3&D!9&)8-31%36!*,()*1/193&/,&!(3&7/()*|73&%3DE)NGAINIPRB/0!,9!%C3!?,13!
)'%,8&)9%0!&373)*36!1,16/993&31(30!/11#gGD!2HGKDILQTIKD!I@B=#D!)16!JT=$=00!3[.&300/,1!?73%4 383 PRGBI (BTN 73&
(8&30%!V.Im!NEKIPWDI(&\+J1) 1)*<0/0!,919%C3!(3&7/()*173&%32&)31) 161/*/)(1(&30%!)'%,8&)9%0!0C, 43611,10%)%/0%/()**<10/81/9/
6/993&31(30173%4331!8&,".019,&!121 JIDIJ?AICDIJI?A$D!)16!2$ 21'H.ImINANOWA

1]

I

D)<= )HIHA #F=)#>) JCI010%'6<!.8,7/6301%C319/&0%!6/&3(%!(,-.)&/0,1173%43311(387/()*1 738%328&)*!?,131)16/*/)(1(&30%!?
/(& \+J1)16!XLIG+L!I)1)*<0/019&,-10)-3!6,1,&1?,1310)-.*30AIB/73119%C3!*)(F!,910/81/9/()1%!6/993&31(30!/1!8313!3[.&300/,1!) 16!
-,&.C,-3%&/(.&,.38%/30!1743311?,1319&.,-19%C3!(3&7/()*173&%328)3!)16!%C,03!9,&1?,13!C)&730%36198&,-1%C3!/*/)(1(&30%D!%C
7389%32&)31(,1%/1'31%,1&:3.8&3031%!) 11)*0638&1)%/7310,'&(3!,91)'%,*,8,'01 M13188)9%A

1]

+)%38,&6%)/2!

I



