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OBJECTIVES

1. Identify the cervical parameters
that matter most
+ When do | need full length films?

2. Understand the value of low dose
radiation full body Imaging
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Sagittal Parameters

1. Cervical lordosis
1. Cobb angles
2. Jackson’s physiologic stress lines
3. Harrison Tangent Method

2. Cervical sagittal vertical axis (CSVA)
1. C2-C7 SVA
2. C2-S1SVA
3. COG of head-C7 SVA

3. Chin brow vertical angle (CBVA)
4. Highlight available normal values
5. T1 Slope

6. Cervical spinal cord tension in deformity
(myelopathy)

Cobb Angle (C2-C7)

oPro’s
Clinical mainstay
Easy to use

Reliable readings

oCon’s

©- Does not measure interdiscal
lordosis
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I Impact of Cervical Sagittal Alignment Parameters
on Neck Disability

Sravisht Iyer, MD," Venu M. Nemani, MD, PhD," Joseph Nguyen, MPH," Jonathan Elysee,”
Aonnicha Burapachaisri,” Christopher P. Ames, MD," and Han Jo Kim, MD™*

CLand NDI

Angle between parallel

lines drawn along

posterior surfaces of C2

and C7 vertebral bodies.

- Segmental angles are
summed up

- Measures change in
lordosis per level

- Time consuming




Normal Segmental Sagittal Cervical Angles in Asymptomatic
Adults
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Angle (deg)

1. Large variability

2. CLincreases with age

9.6

Total (C1-C7) -41.8

Hardacker JW, Shuford RF, Capicotto PN, et al. Radiographic standing cervical segmental alignment in adult
volunteers without neck symptoms. Spine 1997;22:1472-80.

Gore DR, Sepic 5B, Gardner GM . Roentgenographic findings of the cervical spine in asymptomatic
people. Spine 1986;11:521-4.

in cervical spondylotic myelopathy

Clinical article

AND MICHAEL P.

TEINMETZ, MLD.

Cleveland Clinic Foundation, Center for Spine Health, Cleveland, Ohio

J Neurosurg Spine 11:667-672, 2009

Effective lordosis: analysis of sagittal spinal canal alignment

Davip E. GWINN, ML.D., CHRISTOPHER A. IaNNOTTI, M.D., PH.D., EDWARD C. BENZEL, M.D.,

Effective Lordosis




J Neurosurg: Spine / Volume 19 / August 2013

Sagittal Parameters
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1. Cervical lordosis
1. Cobb angles
2. Jackson’s physiologic stress lines
3. Harrison Tangent Method

2. Cervical sagittal vertical axis (CSVA)
1. C2-C7 SVA
2. C2-S1SVA
3. COG of head-C7 SVA

3. Chin brow vertical angle (CBVA)
4. Highlight available normal values
5. T1 Slope

6. Cervical spinal cord tension in
deformity (myelopathy)

Cervical Sagittal Vertical Axis

Directly correlated
with HRQOL, in
which larger C2
SVA relates to
poor HRQOL

Tang, et al.
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Normal Cervical SVA Values in Asymptomatic Adults

Much Less variability
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Hardacker JW , Shuford RF , Capicotto PN, et al. Radiographic standing cervical segmental alignment in adult
volunteers without neck symptoms. Spine 1997;22:1472-80;discussion 80.

The Impact of Standing Regional Cervical Sagittal
Alignment on Outcomes in Posterior Cervical

Fusion Surgery Neurosurgery 71:662-669, 2012

@  Study Design: Retrospective radiographic and
clinical assessment of 113 patients treated with
multilevel posterior cervical fusion for cervical

stenosis, myelopathy, and kyphosis. 3
®  +Results: 2
©  -C2.C7 SVA correlated with SF-36 PCS (=043, | £
p<0.001) &
Sis
© - CGH-C7 SVA correlated with SF-36 PCS z
(r=-0.36, p=0.005) .
©  -C2.C7 SVA correlated with NDI (r=0.20, .
p=0.036)
o
® {rggracav sgéx Dc&r;e\a(ed with C1-C2 lordosis R TR AT TR
g €2-C7 SVA (mm)
° Threshold value C2-C7 SVA of ~40 mm, =
beyond which correlations were most
significant

Tang JA, Scheer JK , Smith IS, et al. The impact of standing regional cervical sagittal alignment on outcomes in
posterior cervical fusion surgery. Neurosurgery 2012;71:662-9;discussion 9.

Sagittal Parameters

1. Cervical lordosis
1. Cobb angles
2. Jackson’s physiologic stress lines
3. Harrison Tangent Method

2. Cervical sagittal vertical axis (CSVA)
1. C2-C7 SVA
2. C2-S1SVA
3. COG of head-C7 SVA

3. Chin brow vertical angle (CBVA)

4. Highlight available normal values

5. T1 Slope

6. Cervical spinal cord tension in
deformity (myelopathy)




Chin-Brow Vertical Angle

Has been shown to be
associated with positive
postoperative outcomes,
such as improved gaze,
ambulation, and
activities of daily living.

——

Sagittal Parameters

1. Cervical lordosis
1. Cobb angles
2. Jackson’s physiologic stress lines
3. Harrison Tangent Method

2. Cervical sagittal vertical axis (CSVA)
1. C2-C7 SVA
2. C2-S1SVA
3. COG of head-C7 SVA

3. Chin brow vertical angle (CBVA)
4. Highlight available normal values
5. T1 Slope

6. Cervical spinal cord tension in deformity (myelopathy)

T1 Slope

Angle between
horizontal line and
superior endplate of T1
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The Influence of Thoracic Inlet Alignment on the
Craniocervical Sagittal Balance in Asymptomatic Adults

Sang-Hun Lee, MD* Ki-Tack Kim, MD,{ Eun-Min Seo, MD,* Kyung-Soo Suk, MD,*
Yoon-Ho Kwack, MD.* and Eun-Seok Son, MD*
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® T1 slope: C2C7 SVA

® C2-C7SVA:T1 slope — C2-C7 lordosis

Thoracic
inlet angle

Lee SH, Kim KT, Seo EM, Suk KS, Kwack YH, Son ES: The influence of thoracic inlet alignment on the
craniocervical sagittal balance in asymptomatic adults. J Spinal Disord Tech 2012 25:E41-E47.

2/21/2018

T1 Slope: Correlation with SVA and CL
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Lee SH, Kim KT, Seo EM, Suk KS, Kwack YH, Son ES: The influence of thoracic inlet alignment on the
craniocervical sagittal balance in asymptomatic adults. J Spinal Disord Tech 2012 25:E41-E47.

Sagittal Parameters

1. Cervical lordosis
1. Cobb angles
2. Jackson’s physiologic stress lines
3. Harrison Tangent Method

2. Cervical sagittal vertical axis (CSVA)
1. C2-C7 SVA
2. C2-S1SVA
3. COG of head-C7 SVA

3. Chin brow vertical angle (CBVA)
4. Highlight available normal values
5. T1 Slope

6. Cervical spinal cord tension in deformity
(myelopathy)




Mean Sagittal Parameters Among: Volunteers by Age Group

20-39 years | 40-59 years | >60 years | P value
an_SD. =SU_MewnSD
C2-C7 Cervical Lordosis () +9.4 9 9 | +22.2* | 9 [<0.001
T4-T12 Thoracic Kyphosis (*) ["-38.1 | TT 9 SR
L1-S1 Lumbar Lordosis () +61.5 | 12 7 | +#55.7 | 13 NS
Pelvic Tilt () 121 7 5 15.1 8 NS
Pelvic Incidence () 52.1 | 10 8 535 |10 NS
Sacral Slope (°) 40 |9 7 | 365 [10| NS
SVA (mm) BT TEETEIRT VE ETE T YTE PP
T1-Slope () 22 | 7 | -21.1 | 8 | -31.6* | 9 | 0.001
Ames CP, Blondel B, Scheer JK et al. Cervical Radi Alignment Comp i Techniques

and Potential Importance in Cervical Myelopathy. Spine 2013;38:5149-5160

Normal
It Cervical Spine
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mical Report
The use of the T1 sagittal
al balancy

in predicting overall
of the spine
Stcven M. Madjetko, MD", Fernando Techy, MDY

Patrck T. Knott, PhD, PA-C

Iangle correlated with SVA
5, p<0.001), suggesting that

sag\ttal T1 tilt can be used as a good

predictor of overall sagittal balance.

T1 sagittal angle had stronger
correlation with SVA dens than did P1
(p=0.002) and LL (p=0.006).

. When T1 tilt was higher than 25°
patients had at least 10 cm of positive
sagittal imbalance

. Patients with negative sagma\ imbalance,
typically had T1 tilt below 13°.

Knott PT, Mardjetko SM, Techy F. The use of the T1 sagittal angle in predicting overall sagittal balance of the
. 110:994 —

Impact of Cervical Sagittal Alignment Parameters
on Neck Disability
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0 tion o Op ti 1gitta 4 el 1 DI fo { fs dl heroups
oted
All Patients Myelopathy Radiculopathy | Cervical Deformity| | No Deformity
N=90 N=61 N=23 N=21 N-=69
r P r P r P r P r P
Age —~0.141 0.196 ~0.046 0.731 -0.192 0.392 —0.588 0.008 -0.037 0.768
0-C2 0211 0.051 0.200 0.135 0.106 0.629 0.257 0.302 0.186 0.133
GEe 0035 | 0206 | o 0165 | o007 | 0973 0254 o267 | froart | oies
a 0.277 0.009 0.056 0nz 0.596 0.503 0.020 0.142 0.247
15 —0.273 0011 0.015 0.011 0.959 —0475 0.029 (1.198 0118
T5-CL —0.301 0.005 0.020 0.084 0,704 —0.514 0.m7 0.182 0.151
Q-C7 0.194 0.069 0171 0191 0.205 0.347 [——0.441 0.045 0.307 o011
SVA
C1-C7 0.195 0.068 0.144 0.272 0213 0328 0.374 0,095 0271 0025
SVA
T indicates corvcal ko O-C2 g, ocipot-C2 amgle, SVA, sghtal varical s T5, 17 e Vo Ol et e Ol vglicant chavges

C
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T1 Slope, CSVA, and CL

Cranial

T1

Thoracic
inlet angle

The Influence of Thoracic Inlet Alignment on the
Craniocervical Sagittal Balance in Asymptomatic Adults

Sang-Hun Lee, MD,* Ki-Tack Kim, MD,t Eun-Min Seo, MD,* Kyung-Soo Suk, MD,*
Yoon-Ho Kwack, MD,* and Eun-Seok Son, MD*
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CAN YOU MEASURE THE SAME THING?

Correlation of cervical sagittal alignment -
parameters on full-length spine
radiographs compared with dedicated
cervical radiographs
Leah Y. Carteon”", Casey L Smith?, John R. Dimar Il' and Steven D. Glassman
Correlation good enough between C-spine radiograph and 36”

film that the dedicated C-spine films may not be needed any
longer

Table 1 Corion

Carveon et al. Scabosis and Spinol Disorders {3016)11:12
DO 10.1186/413013-016-0072-0

Scoliosis and Spinal Disorders

CERVICAL SPINE

What is the pathology?
© DDD without any deformity?
© DDD with deformity
® Translational deformity?
© Focal deformity
© Global implications

San Dicgo 7 &
@ gpm?l}?\mdllmn C’) SCl‘lppS

a4

CERVICAL SPINE

Unlikely to need any
particular measurements

If you feel like being more
academic can consider:
® C2-C7SVA
© Focal kyphosis measurement

SanDicgo
% Spine Foundation

2/21/2018
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CERVICAL

WITH DEFORMITY

‘Subaraman Ramchandran,
e summnmo  Assessment of Impact of Long-Cassette Standing
Taror Aflon, 1" X-Rays on Surgical Planning for Cervical Pathology:

Erc Kineverg, M0 . f
= mmm’:m;_ we An International Survey of Spine Surgeons

Have a low threshold to get 36”
xrays

Surgical plan changed dramatically
with addition of long cassette x-
rays

11]

=
=

If there is t-kyphosis present get .
them

If the T1 Slope is > 30 deg| get |[rmma

them 5 g o A ek 2t 1 g oy o o b

® Klineberg et al.

Smith et al., Neurosurgery, 2016
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COMMENTARY I

St smim o ooe Assessment of Impact of Long-Cassette Standing
Tamir Aflon, M* X-Rays on Surgical Planning for Cervical Pathology:
i e et An International Survey of Spine Surgeons

Christopher Shaffrey, MD*

Subaraman Ramchandran,
MBss*

ipphais ).

Surgimap ame o

OBJECTIVE 2: THE VALUE OF
LOW DOSE FULL BODY IMAGING

2/21/2018
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ULTRAVIOLET
INFRARED

GAMMA RAYS

lonizing Radiation

eGamma rays
*X-rays

Effects of Radiation on Cells

Mechanisms
1. Direct Effect

14
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Effects of Radiation on Cells
Mechanisms
1. Direct Effect +
2. Indirect Effect

Al%lL‘ — Free radicals

More
radiosensitive Leukocytes

Epithelial

Less
radiosensitive Neurons

DOSE LEVELS FOR ACUTE EFFECTS

Manifest
lliness
2000

Detectable

15



BACKGROUND RADIATION PER YEAR

Radon
Internal
Terrestrial
Cosmic

Dx Medical
Nuc. Medical
Cons. Prod.

3.0 Natural

.6 Man-Made

3.6 Total

2/21/2018

THE HIGHER THE EXPOSURE LEVEL )

A
0.005 - 0.

010 mSyhr

DOSES BY EXAM

EXAM BONE MARROW DOSE Gonadal Dose (mRad)
(mRad)

Male Female
Skull 10 <1 <1
C-Spine 20 <1 <1
Chest 2 <1 <1
Abdomen 30 100 200
L-Spine 60 175 400
Pelvis 20 300 150
Extremity 2 <1 <1

16
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Summary ofthe NationalCouncil on Radiation
Protection& Measurements

OCCUPATION EXPOSURE

1. Effective Dose a. Annual 50mSv 5 rem
Limits.
b. Cummulative 10mSv x age 1 rem x age
2. Equivalent Dose a. Lens of the eye 150mSv 15 rem
Annual Limits for
Tissues and Organs
b. Localized area of | 500mSv 50 rem
the skin, hands and
feet.

Summary oithe NationalCouncilon Radiation
Protection& Measurements

PUBLIC EXPOSURE (Annual)

1. Effective dose limits, continuos 1 mSv (0.1 rem)
or frequent exposure.

2. Effective dose limits, infrequent 5 mSv (0.5 rem)
exposure
3. Equivalent Dose Annual Limits | a. Lens of the eye 15mSv (1.5 rem)

for Tissues and Organs

b. Localized area of the | 50mSv (5.0 rem)
skin, hands and feet.

4. Negligible individual dose 0.5 mSv (0.05 rem)
(annual)

*

T Body

————
Cardiac Angiography
Barum Enema

—
ey 2 M 21 Suallow

— ¢rcbral Angiography
—  mbar Spine
—— Cholecystography
" bdomen

ommm— T horacic Spine.

e, Ohest Fluoroscopy

Limes doint )
—hest xray Effective Dose (mSv)

Dental

o 2 4 6 8 10 12

17



EFFECTS OF RADIATION

Early and Delayed Manifestations of Radiation Injury*

2/21/2018

Delayed

Tissue/Cell Type Early
Radiosensitive epithelial  Necrosis, primarily
and parenchymal cells of stem cells
Vessels Dilatation; necrosis

increased vascular
permeability

Stroma Edema

of endothelial cells;

Ischemic atrophy;
ulceration; impaired
stem cell reserves;
atypia, dysplasia and
neoplasia

Sclerosis of small arteries
and arterioles; capillary
telangiectasia; hypertrophy
of endothelial cells

Fibrosis; collagen deposi-
tion; abnormal fibroblasts

PRINCIPLES OF SAFETY

= Reduce of exposure

= Make use of available

= Increase from the source

18
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WHAT IS LOW DOSE FULL BODY
XRAY?

EOS is a new modality for
orthopedic imaging

Low dose

EOS offers to Radiologists and
Orthopedists, for the first time, a full
view of the patient ‘s skeleton :
— in life size, High fhroughput
— weight bearing
— with a significant dose
reduction

» | 2D Full body
y i\i) A J

Weight bearlng 30

J

How DOES IT WORK?

+ Scanning suppresses projection zoom errors
+ Full body in one take of 20 seconds or less
CR/DR

19
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XR v LDXRAY

EOS Low-Dose  EOS icro—Dose

-

20



Imaging Spine at a week natural

Bsv 58 IS 3 ::j: ISy

2/21/2018

2 T A

i Tk 21%
"
Petic mcicenca =

Sicrat Sope 2 ar semanas. o

Sagital pelec bt 3= 1

Lerdosis T1251 " wa

[—

21



2/21/2018

Sy 8

22



2/21/2018

CONCLUSIONS

1. Tilslope >30 degrees get full length film

2. Exagerated kyphosis get full length film

3. When in doubt get full length film...level 5 data

4. IF you need a full length film...use the low does option

THANK YOU!

Take a deep breath and relax while
I get the hell out of here.
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