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Table 5: Published Mean Values and Percent Changes of Spinal Dimensions!

! "#$#%!&'(#! "#$#%!
)*#+(,('!

-./#',*0.%#'!
)*#+(,('!

12'#+*$#%!
&'(#!

12'#+*$#%!
3(*45,!

12'#+*$#%!
6*7,5!

&$,('*2'!
)*80!
3(*45,!

928,('*2'!
)*80!
3(*45,!

:$,(';(',(/'#%!
&$4%(!

"5.$4!(,!#%<=! 1%(>?!@AA!
B>,?!@@<!

1%(>?!CD!
B>,?!C@!

1%(>?!DEF!
B>,?!@EC!

G! G! G! G! G! G!

1.H*I#'#!(,!#%C<! G! G! G! 1%(>?!<JK!
B>,?!=@EA!

1%(>?!<FEA!
B>,?!<=EC!

1%(>?!KEJ!
B>,?!CEC!

G! G! G!

:$.L.8#!(,!#%<M! 1%(>?!CK=!
B>,?!CJ=!

1%(>?!CJEC!
B>,?!<FEF!

1%(>?!DE=!
B>,?!KEF!

1%(>?!<K<!
B>,?!<JF!

1%(>?!CJEJ!
B>,?!CJE@!

1%(>?!DE=!
B>,?!@ED!

G! G! G!

-05+*7!(,!#%<F! 1%(>?!CM=!
B>,?!CCK!

G! G! 1%(>?!<MF!
B>,?!<<D!

G! G! G! G! G!

&%/*(,N!(,!#%MJ! G! G! G! G! G! G! <<! DED! <J!OPKGPDQ!
<K!OPDG-<Q!

P((!(,!#%@F! 9'(?!F@EM!
928,?!AJEC!
R?!CCEMS!

!
G!
!

!
G!

9'(?!MJE@!
928,?!=CE@!
R?!@MEDS!

!
G!

!
G!

!
G!

9'(?!DEA!
928,?!FEF!
R?!@<S!

9'(?!<<E<!
928,?!AEJ!
R?!G!<AS!

L%(>(7! T2!:--?!C=M!!
:--?!CFM!
R?!@EDS!

T2!:--?!<AE@!
:--?!<AEJ!
R?!G@ECS!

T2!:--?!KED!!
:--?!KE<!
R?!G=EAS!

T2!:--?!<KA!
:--?!<KF!
R?!G<E@S!

T2!:--?C@EC!
:--?!CCEK!
R?!G@EKS!

T2!:--?!DE=!
:--?!MEJ!
R?!@EKS!

!
G!

!
G!
!

!
G!

$(.,'#%! T2!:--?!CD<!!
:--?!CMD!
R?!DEMS!

T2!:--?!<=E@!!
:--?!<=EA!
R?!@E@S!

T2!:--?!@EC!
:--?!@EF!
R?!<MS!

T2!:--?!<C=!
:--?!<@F!
R?!FEJS!

T2!:--?C<EC!
:--?!CCE<!
R?!KECS!

T2!:--?!KEF!
:--?!DEJ!
R?!MEKS!

!
G!

!
G!
!

!
G!

U*05#'78!
(,!#%@M!

(>,($7(7! T2!:--?!C@<!!
:--?!CF@!
R?!<=S!

T2!:--?!<FE=!
:--?!<AED!
R?!AEMS!

T2!:--?!CED!
:--?!@EF!
R?!K=S!

T2!:--?!<JM!
:--?!<@@!
R?!CDS!

T2!:--?C<E@!
:--?!C<EC!
R?!GJEDS!

T2!:--?!@EK!
:--?!KE=!
R?!K<S!

!
G!

!
G!
!

!
G!

!
flexed 
 

9'(?!AFEF!
928,?!AAE=!!
R?!CE<S!
!

!
!
G!

!
!
G!
!

9'(?!AFE=!
928,?!<<KEA!
R?!<FEMS!

!
!
G!

!
!
G!
!

!
!
G!

!
!
G!
!

!
!
G!

-*77*V.*!
(,!#%C@!

(>,($7(7! 9'(?!=KEK!
928,?!ACEK!
R?!AEDS!

!
!
G!

!
!
G!
!

9'(?!=CE@!
928,?!ADEFD!
R?!<MS!

!
!
G!

!
!
G!
!

!
!
G!

!
!
G!
!

!
!

G!

-2/2,,W(!(,!#%CJ! !
!
G!

!
!
G!
!

!
!
G!

9'(?!<DF!
928,?!CJ=!
R?!@DEDS!

9'(?!<AE@!
928,?!CCEM!
R?!<FEDS!
!

9'(?!AEC!
928,?!<<E<!
R?!C=E@S!
!

9'(?!<JEF!
928,?!AEC!
R?!G
<CEMS!
!

9'(?!DEA!
928,?!=EM!
R?!DCE=S!
!

9'(?!M!
928,?!<!
!
!

".''($,!8,.7X! 9'(?!=KEM!
928,?!AJE=!
R?!FE@S!

9'(?!=EK!
928,?!=EM!
R?!CEKS!

9'(?!<EA!
928,?!CED!
R?!@CS!

9'(?!MJE<!
928,?!M=E<!
R?!<@S!

9'(?!<JEC!
928,?!<<E@!
R?!<<S!

9'(?!=EJ!
928,?!=EM!
R?!FEDS!

9'(?!=ED!
928,?!FED!
R?!G<CS!

9'(?!KED!
928,?!@EF!
R?!G<=S!

9'(?!FEA!
928,?!FEK!
R?!ME@S!

 



40 

!
,4D4A4?C45/!

!

MI! '6?;54BQ!+I#I!"#$"%&'!(34!4DD4C:5!<D!=?!6?:4A5O6?<75!69O>=?:!<?!:34!\6?49=:6C5!
<D!:34!6?5:A794?:4;!=?;!=;T=C4?:!>4@4>5!6?!:34!>798=A!5O6?4I!()*+#!EFQ!KM_KU
KM_f!VKLL[XI!

KI! b4A8645:Q!HI!&!A=;6C7>=A!5B?;A<94!DA<9!;4@4><O94?:=>!?=AA<P6?F!<D!:34!
>798=A!@4A:48A=>!C=?=>I!,-#"./01+%&"/2"3/+#"%+4"5/*+$"6017#18'"91*$*6-":/&0;#!
GHIBQ!K[LUK[f!VM_]NXI!

[I! "P=?5<?Q!jI)IQ!'6?;54BQ!+I#IQ!H57Q!jI1IQ!o7C34A9=?Q!qI2I!w!14A8BQ!"I&I!(34!
4DD4C:5!<D!=?!6?:4A5O6?<75!69O>=?:!<?!6?:4A@4A:48A=>!;65C!OA4557A45I!()*+#!EFQ!
K^U[K!VKLL[XI!

NI! &A86:Q!)I!w!#=??7>><Q!"I!'798=A!5:4?<565/!=!C>6?6C=>!A4@64PI!<&*+*=%&"
/1$-/)%#4*=6"%+4"1#&%$#4"1#6#%1=-Q!M[fUMN[!VKLLMXI!

]I! j=:JQ!qI%I!w!H=AA65Q!0IhI!.>6?6C=>!OA=C:6C4I!'798=A!5O6?=>!5:4?<565I!,-#">#?"
@+7&%+4"5/01+%&"/2";#4*=*+#!GJFQ!cMcUcK]!VKLLcXI!

^I! j6A\=>;BUZ6>>65Q!ZIHIQ!Z4;F4Q!qIHIQ!1<?FUH6?FQ!jI!w!,46>>BQ!qI!#=:3<><FB!=?;!
O=:3<F4?4565!<D!>798=A!5O<?;B><565!=?;!5:4?<565I!()*+#!GQ![M_U[Kc!VM_fcXI!

fI! '6O5<?Q!"I!"O6?=>!":4?<565!C=754;!8B!4O6;7A=>!>6O<9=:<565!6?!C7C36?Ft5!
5B?;A<94I!>#?"@+7&%+4"./01+%&"/2"A#4*=*+#Q![^!VM_cLXI!

cI! j=:JQ!qI%I!"#$"%&'!+4F4?4A=:6@4!>798=A!5O6?=>!5:4?<565I!+6=F?<5:6C!@=>74!<D!:34!
365:<AB!=?;!O3B56C=>!4G=96?=:6<?I!B1$-1*$*6"%+4"1-#0;%$*6;!GFQ!MK[^UMKNM!
VM__]XI!

_I! ;4!aA==DQ!$I!"#$"%&'!+6=F?<565!<D!>798=A!5O6?=>!5:4?<565/!=!5B5:49=:6C!A4@64P!<D!
:34!=CC7A=CB!<D!;6=F?<5:6C!:45:5I!()*+#!GKQ!MM^cUMMf^!VKLL^XI!

MLI! j4?:Q!+I'IQ!H=B?<AQ!+I,IQ!'=A5<?Q!)IhI!w!+4B<Q!,I&I!+6=F?<565!<D!>798=A!5O6?=>!
5:4?<565!6?!=;7>:5/!=!94:==?=>B565!<D!:34!=CC7A=CB!<D!.(Q!0,Q!=?;!
9B4><FA=O3BI!B.C'"B;#1*=%+"5/01+%&"/2"1/#+$7#+/&/78!KJFQ!MM[]UMMNN!
VM__KXI!

MMI! h<;4?Q!"I+I!"#$"%&'!&8?<A9=>!9=F?4:6CUA45<?=?C4!5C=?5!<D!:34!C4A@6C=>!5O6?4!
6?!=5B9O:<9=:6C!578T4C:5I!&!OA<5O4C:6@4!6?@45:6F=:6<?I!,-#"./01+%&"/2"3/+#"
%+4"5/*+$"6017#18'"B;#1*=%+":/&0;#!LEQ!MMfcUMMcN!VM__LXI!

MKI! q4?54?Q!0I.I!"#$"%&'!0=F?4:6C!A45<?=?C4!69=F6?F!<D!:34!>798=A!5O6?4!6?!O4<O>4!
P6:3<7:!8=C\!O=6?I!,-#">#?"@+7&%+4"5/01+%&"/2";#4*=*+#!GGKQ!^_Uf[!VM__NXI!

M[I! #=?T=86Q!0I0IQ!(=\=:=Q!jI!w!a<4>Q!bIjI!j6?49=:6C5!<D!>798=A!6?:4A@4A:48A=>!
D<A=94?I!()*+#!FQ![NcU[]f!VM_c[XI!



41 

MNI! 0=B<7GUh4?3=9<7Q!0I&IQ!,4@4>Q!0IQ!&=A<?Q!.IQ!.3<94::4Q!aI!w!&9<AQ!hI!&!
9<AO3<94:A6C!5:7;B!<D!:34!>798=A!D<A=94?I!$?D>74?C4!<D!D>4G6<?U4G:4?56<?!
9<@494?:5!=?;!<D!65<>=:4;!;65C!C<>>=O54I!(017*=%&"%+4"1%4*/&/7*="%+%$/;8"D"
(CB!KKQ!_fUMLK!VM_c_XI!

M]I! "C3<?5:A<9Q!%IQ!'6?;=3>Q!"IQ!Z6>>4?Q!qI!w!H=?55<?Q!(I!+B?=96C!C3=?F45!6?!:34!
;694?56<?5!<D!:34!>798=A!5O6?=>!C=?=>/!=?!4GO4A694?:=>!5:7;B!6?!@6:A<I!
./01+%&"/2"/1$-/)%#4*="1#6#%1=-"D"/22*=*%&")03&*=%$*/+"/2"$-#"E1$-/)%#4*="
C#6#%1=-"(/=*#$8!LQ!MM]UMKM!VM_c_XI!

M^I! $?7D75=Q!&I!"#$"%&'!&?=:<96C!C3=?F45!<D!:34!5O6?=>!C=?=>!=?;!6?:4A@4A:48A=>!
D<A=94?!=55<C6=:4;!P6:3!D>4G6<?U4G:4?56<?!9<@494?:I!()*+#!EKQ!KNMKUKNKL!
VM__^XI!

MfI! "C396;Q!0I,I!"#$"%&'!.3=?F45!6?!CA<55U54C:6<?=>!94=57A494?:5!<D!:34!5O6?=>!
C=?=>!=?;!6?:4A@4A:48A=>!D<A=96?=!=5!=!D7?C:6<?!<D!8<;B!O<56:6<?/!6?!@6@<!
5:7;645!<?!=?!<O4?UC<?D6F7A=:6<?!0,!5B5:49I!B.C'"B;#1*=%+"5/01+%&"/2"
1/#+$7#+/&/78!KLEQ!ML_]UMMLK!VM___XI!

McI! .37?FQ!"I"IQ!'44Q!.I"IQ!j69Q!"IHIQ!.37?FQ!0IZI!w!&3?Q!qI0I!)DD4C:!<D!><P!8=C\!
O<5:7A4!<?!:34!9<AO3<><FB!<D!:34!5O6?=>!C=?=>I!(F#&#$%&"1%4*/&/78!EMQ!KMfU
KK[!VKLLLXI!

M_I! "C3<?5:A<9Q!%I"IQ!h<>4?;4AQ!%I2I!w!"O4?F>4AQ!+I0I!(34!O=:3<9<AO3<><FB!<D!
5O6?=>!5:4?<565!=5!544?!<?!.(!5C=?5!<D!:34!>798=A!5O6?4I!()*+#!KNQ!cL^UcMM!
VM_c]XI!

KLI! "<8<::\4Q!,I!"#$"%&'!$?:4A5O6?<75!69O>=?:5!VW!":<OQ!Z=>>65Q!+6=9X!D<A!:34!
:A4=:94?:!<D!'""/!65!:34A4!=!C<AA4>=:6<?!84:P44?!A=;6<><F6C=>!O=A=94:4A5!=?;!
C>6?6C=>!<7:C<94x!@01/)#%+"6)*+#"5/01+%&"D"/22*=*%&")03&*=%$*/+"/2"$-#"@01/)#%+"
()*+#"(/=*#$8!"$-#"@01/)#%+"()*+%&"G#2/1;*$8"(/=*#$8!"%+4"$-#"@01/)#%+"
(#=$*/+"/2"$-#"<#1:*=%&"()*+#"C#6#%1=-"(/=*#$8!KFQ!MN_NUM]L[!VKLL_XI!

KMI! 27T6P=A=Q!&IQ!&?Q!HI"IQ!'69Q!(IHI!w!H=7F3:<?Q!bI0I!0<AO3<><F6C!C3=?F45!6?!:34!
>798=A!6?:4A@4A:48A=>!D<A=94?!;74!:<!D>4G6<?U4G:4?56<?Q!>=:4A=>!84?;6?FQ!=?;!
=G6=>!A<:=:6<?/!=?!6?!@6:A<!=?=:<96C!=?;!86<94C3=?6C=>!5:7;BI!()*+#!EHQ!cf^U
ccK!VKLLMXI!

KKI! j69Q!+IHI!w!&>84A:Q!(IqI!$?:4A5O6?<75!OA<C455!5O=C4A5I!,-#"./01+%&"/2"$-#"
B;#1*=%+"B=%4#;8"/2"E1$-/)%#4*="(017#/+6!KJQ!KLLUKLf!VKLLfXI!

K[I! "6;;6E76Q!0IQ!j=A=;69=5Q!)IQ!%6C<>Q!0IQ!"96:3Q!2IZI!w!Z=A;>=PQ!+I!$?D>74?C4!<D!
W!":<O!<?!?47A=>!D<A=96?=!=?;!5O6?=>!C=?=>!=A4=!6?!5O6?=>!5:4?<565I!()*+#!GKQ!
K_]cUK_^K!VKLL^XI!

KNI! &:>=5Q!"IqIQ!j4>>4AQ!,IhIQ!,<85<?Q!+IQ!+4B<Q!,I&I!w!"6?F4AQ!+I)I!"7AF6C=>!=?;!
?<?57AF6C=>!9=?=F494?:!<D!>798=A!5O6?=>!5:4?<565/!D<7AUB4=A!<7:C<945!
DA<9!:34!9=6?4!>798=A!5O6?4!5:7;BI!()*+#!EJQ!]]^U]^K!VKLLLXI!



42 

K]I! h4?<65:Q!0I!(34!?=:7A=>!365:<AB!<D!>798=A!;4F4?4A=:6@4!5O6?=>!5:4?<565I!./*+$!"
3/+#!"6)*+#"D"1#:0#"40"1-0;%$*6;#!HMQ!N]LUN]f!VKLLKXI!

K^I! "69<:=5Q!&I.IQ!+<A4BQ!2IqIQ!H=?5A=TQ!jIjI!w!.=9965=Q!2IQ!qAI!%<?<O4A=:6@4!
:A4=:94?:!D<A!>798=A!5O6?=>!5:4?<565I!.>6?6C=>!=?;!<7:C<94!A457>:5!=?;!=![U
B4=A!57A@6@<A536O!=?=>B565I!()*+#!EJQ!M_fUKL[i!;65C7556<?5!KL[UM_N!VKLLLXI!

KfI! .7C\>4AQ!qI0I!"#$"%&'!(34!754!<D!4O6;7A=>!5:4A<6;5!6?!:34!:A4=:94?:!<D!>798=A!
A=;6C7>=A!O=6?I!&!OA<5O4C:6@4Q!A=?;<96J4;Q!;<78>4U8>6?;!5:7;BI!,-#"./01+%&"/2"
3/+#"%+4"5/*+$"6017#18'"B;#1*=%+":/&0;#!HLQ!^[U^^!VM_c]XI!

KcI! 27\75=\6Q!0IQ!j<8=B=536Q!$IQ!H=A=Q!(I!w!"796\=P=Q!jI!"B9O:<95!<D!5O6?=>!
5:4?<565!;<!?<:!69OA<@4!=D:4A!4O6;7A=>!5:4A<6;!6?T4C:6<?I!,-#"<&*+*=%&"5/01+%&"
/2")%*+!KOQ!MNcUM]M!VM__cXI!

K_I! 0=>96@==A=Q!&I!"#$"%&'!"7AF6C=>!<A!?<?<O4A=:6@4!:A4=:94?:!D<A!>798=A!5O6?=>!
5:4?<565x!&!A=?;<96J4;!C<?:A<>>4;!:A6=>I!()*+#!GEQ!MUc!VKLLfXI!

[LI! &:>=5Q!"IqIQ!j4>>4AQ!,IhIQ!Z7Q!1I&IQ!+4B<Q!,I&I!w!"6?F4AQ!+I)I!'<?FU:4A9!<7:C<945!
<D!57AF6C=>!=?;!?<?57AF6C=>!9=?=F494?:!<D!>798=A!5O6?=>!5:4?<565/!c!:<!ML!
B4=A!A457>:5!DA<9!:34!9=6?4!>798=A!5O6?4!5:7;BI!()*+#!GNQ!_[^U_N[!VKLL]XI!

[MI! Z6>\4Q!HIqI!"#$"%&'!h6<94C3=?6C=>!4DD4C:!<D!;6DD4A4?:!>798=A!6?:4A5O6?<75!
69O>=?:5!<?!D>4G686>6:B!=?;!6?:A=;65C=>!OA4557A4I!@01/)#%+"6)*+#"5/01+%&"D"
/22*=*%&")03&*=%$*/+"/2"$-#"@01/)#%+"()*+#"(/=*#$8!"$-#"@01/)#%+"()*+%&"
G#2/1;*$8"(/=*#$8!"%+4"$-#"@01/)#%+"(#=$*/+"/2"$-#"<#1:*=%&"()*+#"C#6#%1=-"
(/=*#$8!KLQ!MLN_UML]^!VKLLcXI!

[KI! #4??6?FQ!'I!w!Z6>96?\Q!qI(I!#<5:7A4U;4O4?;4?:!86>=:4A=>!C<9OA4556<?!<D!'N!<A!
']!?4A@4!A<<:5!6?!D=C4:!3BO4A:A<O3BI!&!;B?=96C!.(U9B4><FA=O36C!5:7;BI!
()*+#!KEQ!NccU]LL!VM_cfXI!

[[I! (=\=3=536Q!jI!"#$"%&'!.3=?F45!6?!4O6;7A=>!OA4557A4!;7A6?F!P=>\6?F!6?!O=:64?:5!
P6:3!>798=A!5O6?=>!5:4?<565I!()*+#!ENQ!KfN^UKfN_!VM__]XI!

[NI! j<?;A=53<@Q!+IaIQ!H=??68=>Q!0IQ!H57Q!jI1I!w!o7C34A9=?Q!qI2I!$?:4A5O6?<75!
OA<C455!;4C<9OA4556<?!P6:3!:34!WU"(*#!;4@6C4!D<A!>798=A!5O6?=>!5:4?<565/!=!
NUB4=A!D<>><PU7O!5:7;BI!./01+%&"/2"6)*+%&"4*6/14#16"H"$#=-+*I0#6!KMQ![K[U[Kf!
VKLL^XI!

[]I! b4A3<<DQ!*IqIQ!hA<?Q!qI'IQ!Z=O5:A=Q!2IHI!w!@=?!,<B4?Q!hIqI!H6F3!D=6>7A4!A=:4!<D!
:34!6?:4A5O6?<75!;65:A=C:6<?!;4@6C4!VWU":<OX!D<A!:34!:A4=:94?:!<D!>798=A!
5O6?=>!5:4?<565!C=754;!8B!;4F4?4A=:6@4!5O<?;B><>65:34565I!@01/)#%+"6)*+#"
5/01+%&"D"/22*=*%&")03&*=%$*/+"/2"$-#"@01/)#%+"()*+#"(/=*#$8!"$-#"@01/)#%+"
()*+%&"G#2/1;*$8"(/=*#$8!"%+4"$-#"@01/)#%+"(#=$*/+"/2"$-#"<#1:*=%&"()*+#"
C#6#%1=-"(/=*#$8!KLQ!MccUM_K!VKLLcXI!



43 

[^I! ,6C3=A;5Q!qI.IQ!0=T79;=AQ!"IQ!'6?;54BQ!+I#IQ!h4=7OA4Q!aI"I!w!14A8BQ!"I&I!(34!
:A4=:94?:!94C3=?659!<D!=?!6?:4A5O6?<75!OA<C455!69O>=?:!D<A!>798=A!
?47A<F4?6C!6?:4A96::4?:!C>=7;6C=:6<?I!()*+#!GNQ!fNNUfN_!VKLL]XI!

[fI! '44Q!qIQ!H6;=Q!jIQ!"4\6Q!(IQ!$P=5=\6Q!1I!w!06?<A7Q!&I!&?!6?:4A5O6?<75!OA<C455!
;65:A=C:<A!VW!"(*#X!D<A!>798=A!5O6?=>!5:4?<565!6?!4>;4A>B!O=:64?:5/!
OA4>696?=AB!4GO4A64?C45!6?!ML!C<?54C7:6@4!C=545I!./01+%&"/2"6)*+%&"4*6/14#16"
H"$#=-+*I0#6!KLQ!fKUffi!;65C7556<?!fc!VKLLNXI!

[cI! Z6549=?Q!.I0IQ!'6?;54BQ!+I#IQ!2A4;A6C\Q!&I+I!w!14A8BQ!"I&I!(34!4DD4C:!<D!=?!
6?:4A5O6?<75!OA<C455!69O>=?:!<?!D=C4:!><=;6?F!;7A6?F!4G:4?56<?I!()*+#!GNQ!
_L[U_Lf!VKLL]XI!

[_I! j7C3:=Q!qIQ!"<8<::\4Q!,IQ!)B54>Q!#I!w!"69<?5Q!#I!(P<UB4=A!A457>:5!<D!
6?:4A5O6?<75!5O=C4A!VWU":<OX!69O>=?:=:6<?!6?!Mf]!O=:64?:5!P6:3!?47A<><F6C!
6?:4A96::4?:!C>=7;6C=:6<?!;74!:<!>798=A!5O6?=>!5:4?<565I!@01/)#%+"6)*+#"
5/01+%&"D"/22*=*%&")03&*=%$*/+"/2"$-#"@01/)#%+"()*+#"(/=*#$8!"$-#"@01/)#%+"
()*+%&"G#2/1;*$8"(/=*#$8!"%+4"$-#"@01/)#%+"(#=$*/+"/2"$-#"<#1:*=%&"()*+#"
C#6#%1=-"(/=*#$8!KFQ!cK[UcK_!VKLL_XI!

NLI! o7C34A9=?Q!qI2I!"#$"%&'!&!OA<5O4C:6@4!A=?;<96J4;!97>:6UC4?:4A!5:7;B!D<A!:34!
:A4=:94?:!<D!>798=A!5O6?=>!5:4?<565!P6:3!:34!W!"(*#!6?:4A5O6?<75!69O>=?:/!
MUB4=A!A457>:5I!@01/)#%+"6)*+#"5/01+%&"D"/22*=*%&")03&*=%$*/+"/2"$-#"@01/)#%+"
()*+#"(/=*#$8!"$-#"@01/)#%+"()*+%&"G#2/1;*$8"(/=*#$8!"%+4"$-#"@01/)#%+"
(#=$*/+"/2"$-#"<#1:*=%&"()*+#"C#6#%1=-"(/=*#$8!KGQ!KKU[M!VKLLNXI!

NMI! o7C34A9=?Q!qI2I!"#$"%&'!&!97>:6C4?:4AQ!OA<5O4C:6@4Q!A=?;<96J4;!:A6=>!
4@=>7=:6?F!:34!W!"(*#!6?:4A5O6?<75!OA<C455!;4C<9OA4556<?!5B5:49!D<A!:34!
:A4=:94?:!<D!?47A<F4?6C!6?:4A96::4?:!C>=7;6C=:6<?/!:P<UB4=A!D<>><PU7O!
A457>:5I!()*+#!GNQ!M[]MUM[]c!VKLL]XI!

NKI! 0<<T4?Q!ZI&IQ!&A:5Q!0I#IQ!h=A:4>5Q!,IHIQ!q=C<85Q!ZI.I!w!#47>Q!ZI.I!)DD4C:6@4?455!
<D!6?:4A5O6?<75!69O>=?:!57AF4AB!6?!O=:64?:5!P6:3!6?:4A96::4?:!?47A<F4?6C!
C>=7;6C=:6<?/!=!5B5:49=:6C!A4@64P!=?;!94:=U=?=>B565I!@01/)#%+"6)*+#"5/01+%&"
D"/22*=*%&")03&*=%$*/+"/2"$-#"@01/)#%+"()*+#"(/=*#$8!"$-#"@01/)#%+"()*+%&"
G#2/1;*$8"(/=*#$8!"%+4"$-#"@01/)#%+"(#=$*/+"/2"$-#"<#1:*=%&"()*+#"C#6#%1=-"
(/=*#$8!ENQ!M]_^UM^L^!VKLMMXI!

N[I! .3<7Q!+IQ!'=7Q!+IQ!H4A9594B4AQ!qI!w!%<A@4>>Q!+I!)DD6C=CB!<D!6?:4A5O6?<75!;4@6C4!
@4A575!57AF6C=>!;4C<9OA4556<?!6?!:34!:A4=:94?:!<D!>798=A!5O6?=>!5:4?<565/!=!
9<;6D64;!?4:P<A\!=?=>B565I!@:*4#+=#J3%6#4"6)*+#J=%1#"5/01+%&!EQ!N]U]^!
VKLMMXI!

NNI! #=:6>Q!"I!"#$"%&'!)@=>7=:6<?!<D!$?:4A5O6?<75!#A<C455!+65:A=C:6<?!+4@6C4!VWU
"(*#X!6?!=!,4OA454?:=:6@4!#=:64?:!.<3<A:I!K/1&4"+#01/6017#18!VKLMKXI!

N]I! (75C34>Q!&I!"#$"%&'!$9O>=?:!57A@6@=>!=?=>B565!=?;!D=6>7A4!9<;45!<D!:34!W!"(*#!
6?:4A5O6?<75!;65:A=C:6<?!;4@6C4I!()*+#!VKLMMXI!



44 

N^I! q<3?55<?Q!jI)IQ!-;4?Q!&I!w!,<54?Q!$I!(34!4DD4C:!<D!;4C<9OA4556<?!<?!:34!
?=:7A=>!C<7A54!<D!5O6?=>!5:4?<565I!&!C<9O=A65<?!<D!57AF6C=>>B!:A4=:4;!=?;!
7?:A4=:4;!O=:64?:5I!()*+#!KHQ!^M]U^M_!VM__MXI!

NfI! &97?;54?Q!(I!"#$"%&'!'798=A!5O6?=>!5:4?<565I!.>6?6C=>!=?;!A=;6<><F6C!D4=:7A45I!
()*+#!ENQ!MMfcUMMc^!VM__]XI!

NcI! a7?J87AFQ!,IQ!j4>>4AQ!(I"IQ!"JO=>5\6Q!0IQ!b=?;4O7::4Q!jI!w!"OA=::Q!jI2I!.>6?6C=>!
=?;!O5BC3<D7?C:6<?=>!94=57A45!<D!C<?54A@=:6@4!;4C<9OA4556<?!57AF4AB!D<A!
>798=A!5O6?=>!5:4?<565/!=!OA<5O4C:6@4!C<3<A:!5:7;BI!@01/)#%+"6)*+#"5/01+%&"D"
/22*=*%&")03&*=%$*/+"/2"$-#"@01/)#%+"()*+#"(/=*#$8!"$-#"@01/)#%+"()*+%&"
G#2/1;*$8"(/=*#$8!"%+4"$-#"@01/)#%+"(#=$*/+"/2"$-#"<#1:*=%&"()*+#"C#6#%1=-"
(/=*#$8!KEQ!M_fUKLN!VKLL[XI!

N_I! "\6;9<A4Q!aI!"#$"%&'!.<5:U4DD4C:6@4?455!<D!:34!WU"(*#V,X!6?:4A5O6?<75!5O=C4A!
D<A!>798=A!5O6?=>!5:4?<565I!()*+#!GHQ!)[N]U[]^!VKLMMXI!

]LI! h=A8=F=>><Q!aI0IQ!*>6?;<Q!aIQ!.<A86?<Q!'I!w!&>8=?454Q!bI!&?=>B565!<D!
C<9O>6C=:6<?5!6?!O=:64?:5!:A4=:4;!P6:3!:34!WU":<O!$?:4A5O6?<75!#A<C455!
+4C<9OA4556<?!"B5:49/!OA<O<5=>!D<A!=!?<@4>!=?=:<96C!5C<A6?F!5B5:49!D<A!
O=:64?:!54>4C:6<?!=?;!A4@64P!<D!:34!>6:4A=:7A4I!>#01/6017#18!HJQ!MMMUMM_i!
;65C7556<?!MM_UMKL!VKLL_XI!

]MI! (=987AA4>>6Q!2I.IQ!#A<64::6Q!'I!w!'<FA<5C6?<Q!.I&I!.A6:6C=>!=?=>B565!<D!>798=A!
6?:4A5O6?<75!;4@6C45!D=6>7A45/!=!A4:A<5O4C:6@4!5:7;BI!@01/)#%+"6)*+#"5/01+%&"D"
/22*=*%&")03&*=%$*/+"/2"$-#"@01/)#%+"()*+#"(/=*#$8!"$-#"@01/)#%+"()*+%&"
G#2/1;*$8"(/=*#$8!"%+4"$-#"@01/)#%+"(#=$*/+"/2"$-#"<#1:*=%&"()*+#"C#6#%1=-"
(/=*#$8!EN)97;;+)KQ!"KfU[]!VKLMMXI!

]KI! j69Q!+IHI!"#$"%&'!*CC7>:!5O6?<75!OA<C455!DA=C:7A45!=55<C6=:4;!P6:3!
6?:4A5O6?<75!OA<C455!5O=C4A5I!()*+#!GHQ!)MLcLUMLc]!VKLMMXI!

][I! h<P4A5Q!.IQ!&96?6Q!&IQ!+=6>4BQ!&I(I!w!"C396;:Q!0IHI!+B?=96C!6?:4A5O6?<75!
OA<C455!5:=86>6J=:6<?/!A4@64P!<D!C<9O>6C=:6<?5!=55<C6=:4;!P6:3!:34!WU":<O!
;4@6C4I!>#01/6017*=%&"2/=06!EFQ!)c!VKLMLXI!

]NI! 06>>4AQ!qI+IQ!06>>4AQ!0I.I!w!'7C=5Q!0IaI!)A<56<?!<D!:34!5O6?<75!OA<C455/!=!
O<:4?:6=>!C=754!<D!6?:4A5O6?<75!OA<C455!5O=C4A!D=6>7A4I!./01+%&"/2"
+#01/6017#18'"()*+#!KEQ!KMLUKM[!VKLMLXI!

]]I! (=>P=AQ!bI!"#$"%&'!$?54A:6<?!><=;5!<D!:34!W!"(*#!6?:4A5O6?<75!OA<C455!
;65:A=C:6<?!5B5:49!;456F?4;!:<!:A4=:!?47A<F4?6C!6?:4A96::4?:!C>=7;6C=:6<?I!
@01/)#%+"6)*+#"5/01+%&"D"/22*=*%&")03&*=%$*/+"/2"$-#"@01/)#%+"()*+#"(/=*#$8!"$-#"
@01/)#%+"()*+%&"G#2/1;*$8"(/=*#$8!"%+4"$-#"@01/)#%+"(#=$*/+"/2"$-#"<#1:*=%&"
()*+#"C#6#%1=-"(/=*#$8!KJQ!_LcU_MK!VKLL^XI!



45 

]^I! +=?64>5<?Q!hI$IQ!Z6>>4?Q!qIQ!a=7>6:JQ!&IQ!%6\>=5<?Q!(I!w!H=?55<?Q!(IHI!&G6=>!
><=;6?F!<D!:34!5O6?4!;7A6?F!.(!=?;!0,!6?!O=:64?:5!P6:3!575O4C:4;!>798=A!
5O6?=>!5:4?<565I!B=$%"1%4*/&/7*=%!GMQ!^LNU^MM!VM__cXI!

]fI! Z46?5:46?Q!qI!%I"#$"%&'!"7AF6C=>!@4A575!?<?57AF6C=>!:34A=OB!D<A!>798=A!5O6?=>!
5:4?<565I!,-#">#?"@+7&%+4"5/01+%&"/2";#4*=*+#!GJFQ!f_NUcMLQ!
;<6/MLIML]^Y%)q0<=LfLfM[^!VKLLcXI!

]cI! Z46?5:46?Q!qI!%I"#$"%&'!"7AF6C=>!@4A575!?<?<O4A=:6@4!:A4=:94?:!D<A!>798=A!
5O6?=>!5:4?<565!D<7AUB4=A!A457>:5!<D!:34!"O6?4!#=:64?:!*7:C<945!,454=AC3!
(A6=>I!()*+#!GJQ!M[K_UM[[cQ!;<6/MLIML_fYh,"IL8LM[4[McM4LDLN;!VKLMLXI!

]_I!! '<?FQ!ZI!+I!w!Z3=?FQ!#I!aI!$?:4A5O6?<75!"O=C4A5!D<A!'798=A!"O6?=>!":4?<565I!
E)#1%$*:#",#=-+*I0#6"*+"E1$-/)%#4*=6!EKQ!KLcUKMK!VKLMMXI!

^LI! &>864:JQ!qI!"I"#$"%&'!&?!=?=:<96C!5:7;B!<D!:34!6?:4A5O6?<75!5O=C4!<D!:34!
>798<5=CA=>!5O6?4I!@01/)#%+"6)*+#"5/01+%&"D"/22*=*%&")03&*=%$*/+"/2"$-#"
@01/)#%+"()*+#"(/=*#$8!"$-#"@01/)#%+"()*+%&"G#2/1;*$8"(/=*#$8!"%+4"$-#"
@01/)#%+"(#=$*/+"/2"$-#"<#1:*=%&"()*+#"C#6#%1=-"(/=*#$8!EKQ!MN]UMNcQ!
;<6/MLIMLLfY5LL]c^ULMMUM_fLUc!VKLMKXI!

!

!

!

!

!

!

!

!


	Yale University
	EliScholar – A Digital Platform for Scholarly Publishing at Yale
	January 2014

	Spinal stenosis and interspinous spacers: An mri study of recurrent claudication
	Alexander Humberto Arzeno
	Recommended Citation


	AHArzeno Thesis

