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Sunum icerigi

* REMS
e QCT
* Firsatci taramalar

e DXA dan tlreyen olcumler
* TBS
* HSA
* BSI



Radyofrekans Ekografik Multispektrometre
REMS

e Tim veri islenmemis/filtre edilmemis, yansiyan ultrason (RF)
dalgalarindan gelir

* Mevcut ultrason cihazlari yansiyan dalganin sinirl bir kismini
kullanarak B-mode goérinti olusturur

 REMS tim yansiyan RF den kemik ylzeyden gelenleri ayirir
» Kortikal ve trabekiler degerlendirme
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Radyofrekans Ekografik Multispektrometre
REMS

* Radyasyon icermez

* Tasinabilir

* OP tani ve monitorizasyonu

* Lomber vertebra

* Femur (boyun, total femur, trokanter)

* DXA ve REMS BMD olcumleri arasinda gliclu korelasyon var
* REMS frajilite skoru ile 5 yillik kirik riski tahmini



* Gebelerde/ cocuklarda kullanim

* Sik 6lcim yapilabilme

* Olcim bolgesi artefaktlari ortadan kaldirilabilir
* DXA ya ek/tamamlayici veya alternatif



(A) DXA scan (B) X-Ray scan

s Riepilogo risultati DXA:
9 Regione Area BMD

. (em?) (g/em?)

Ll 15.75 0.907

L2 16.11 0.989

L3 17.44 /.17 0.984

L4 19.73 1.057

Totale 69.04 0.988

Totale BMD CV 1.0%, ACF = 1.047, BCF = 1.014, TH = 7,184
(C) REMS scan

Densitometria ultrasonica: COLONNA

] | ~R.
BMD (g/icm®) T-score Z-score Diagnosi Rischio gi frattura

Totale 0.778 2.4 0.1 Ostecpenia Medio )
| iskeletal Disorders (2022) 23:469

FRAXE - Probabilita di fratture 2 10 anni

Principali osteoporotiche

Frattura d'anca

Totate 0778 24 01 Osteopenia Medio u 0.672
(5] 0.722

FRAX® - Probabilita di frattura a 10 anni
Principali osteoporotiche 8] 0.808

Frattura d'anca 4 0.858
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 REMS tutarlihik ve keskinligi

e BMD ile tanimli OP da

* Femur boynu sensitivite %91.5, spesifite %91.8
* Lomber vertebra sensitivite %91.7, spesifite %92

* Intraoperator variabilite %0.32-%0.38
* Interoperator variabilite %$0.48-%0.54
 REMS BMD T-skoru ile DXA T-skoru arasi korelasyon

* Lomber vertebra r=0.94
* Femur boynu r=0.93

Biomed Res Int 4840531: 2018



* Tekrar edilebilirlik ve keskinlik degerleri
e Tedavinin kisa ddnem monitorizasyonunda kullanilabilir
* Diger BMD 6lcim yontemlerinde bu slire en az 1 yil

* REMS

* Aromataz inhibitoru kullananlarda 6 ayda
* Denosumab kullananlarda 6 ayda



Key'Advantages DXA QUS EchoStation
Radiation Exposure YES NO NO
Axial Sites YES NO YES
Bone Density Assessment BMD (g/cm?2) YES NO YES
Bone Quality Assessment NO 2? YES
FRAX Index YES NO YES
Body Composition Index YES NO YES
Operator Independent NO NO YES
Accuracy HIGH LOW VERY HIGH
Primary Care NO YES YES
Cost HIGH VERY LOW LOW
Operator Certified Needed YES NO NO
Dedicated Shield Room YES NO NO
Maintenance Costs YES NO NO
Diagnostic Tool YES NO YES
Prevention, Monitoring and Follow-up NO NO YES



QCT

* |Ik kantitatif degerlendirme ydntemlerinden biri
* 1970 sonlari
* 1980 lerde BMD dlcimuinde standart yontem olduguna dair ilk yayinlar

e GUnumuzde DXA ya 6nemli bir alternatif
e Volimetrik olcim
* Omurga ve kalcanin daha iyi morfometrik degerlendirilmesi
* Kortikal kemik ve trabekller kemik degerlendirilmesi
* FEM



Analysis options

Spine Hip CTXA® Geometry Comment
QCT Pro: trab BMD of central int, trab, cort, BMD/ Yes Hip: cortical BIT: analysis of 2D
Mindways Inc elliptical VOI BMC/vol of neck, thickness slices in the neck
trochanter, I'T, and and the
total hip trochanter
VirtuOst: O.N. trab BMD of central int BMD of the total hip  Yes FEM analysis
Diagnostics elliptical VOI software that
outputs few
BMD values
MIAF: University  1nt, trab, cort, subcort  1nt, trab, cort, subcort No Hip and spine: Analysis of 2D
of Erlangen BMD/BMC/vol of BMD/BMC/vol of cortical slices in the neck
multiple VOIs of the head. neck, thickness, and the
vertebral body trochanter, I'T, shaft, moments trochanter
and total hip of inertia
Stradwin: trab/cort BMD, cortical Hip: cortical Cortical thickness
University mass per projected thickness mapping”
of Cambridge surface area of the
total hip
UCSF QCT int, trab, cort, BMD/ int, trab, cort, BMD/ Yes

analysis software BMC/vol of multiple
VOIs of vertebral

body

BMC/vol of the neck
and the trochanter

Note: Web pages for the analysis programs are listed in the Appendix.
Abbr: 2D, 2-dimensional; BIT, bone investigational toolkit for QCT Pro; BMC, bone mineral content; BMD, bone mineral density;
cort, cortical; CTXA, computed tomography X-ray absorptiometry; FEM, finite element analysis; int, integral; I'T, intertrochanter; QCT,
quantitative computed tomography: subcort, subcortical (VOI between cortical and trabecular compartments); trab, trabecular; VOI,

volume of interest: vol, volume.

“CTXA details are discussed in the section “CTXA-DXA Equivalent 7-Scores From QCT.”
PDetails are discussed in the section “Cortical Bone-Continuing Challenges.”
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cTXA™ Hip Bone Mineral Densitometry
Name:HastaAduSoyads

Sex: Female DOB: 02.01.1950 ID: 433373 Radiologist:
Age: 68 Date: 19.02.2018 Exam: 1 Referring Physician:
Comments:

Hip Analyzed: Left R - -

ROI BMD (g/cm?)  T-Score 2Z-Score 1,25 | N0 Ostegporotic Threshold 125
- 0’599 - _1 ’33 Maormal £ 250

Trochanter 0,461 -2,31 -1,09 E’ 0.75 ‘ 0.75 %

a2 )

Intertrochanter 0,729 -2,68 -1,27 e bz o
Wards 0,275 -

Reference Data: CTXA 5 (j o2
Interpretation: Dunya Sagllk Orgutu {WHO)'ne goére D'ﬂDu 10 20 30 40 ) 0 70 80 guu,uu
-2.5 den kuicik toplam kalca T-Skor degeri, ostecporoz Age (Years)
olarak tanimlanmaktadir. Patient BMD Value Compared to Age-Matchad

CTXA Total Hip Reference Data
1.30 @ Femoral Neck BMD 1,50
WHO Oste{:penicl Threshold
125 = Lvokﬁa?zt:g%omtlc Threshaold 125
MNormal = 250
1 |
The WHO classification criteria for T-scores L e l ©
=
T-score Classification iﬁe 075 E
greater than -1.0 Normal % | :5;
between -1.0 and -2.5 Osteopenia o |
below -2.5 Osteoporosis 0.25 ({P 0.25
below -2.5 with fracture Severe Osteoporosis 000 000
"o 1 20 33 40 50 € 70 80 90

Age (Years)

Patient BMD Value Compared to Age-Matched
CTxA Femoral Meck Reference Data

Mindways



Mindways

3D QCT Bone Mineral Densitometry

Sex: Female DOB: 25.9.1952 ID: 01 Radiologist:
Age: 59 Date: 31.8.2012 Exam: 1 Referring Physician:
Comments:
ROI BMD ~ T-Score T-Score Z-Score = =
(mg/cm®)  (DXA)  (QCT) 240 240
T ) ) ) ) 200 200
T12 - - - -
L1 - - N - g 160 160 =
L2 107,8 -1,5 -2,3 0,0 E 3
L3 102.4 -1,7 -2,5 -0,2 % 120 120 §
L4 101,3 -1,7 -2,6 -0,3 =
103,8 -2,5 -0,19 80 80
Age Matched Normal (UCSF): 108,7 + 26 o :E&%—*%’Jjé‘;ﬁ’g "
a Normal £2 5. | .
T-Score Method: Calculated by a linear mapping of © 10 20 3 40 5 & 70 80 90
QCT BMD values to T-scores with reference to American e (Year)
College of Radiology (ACR) guidelines. A BMD value of Patient BUD Value Compared o ge and Sex
120mg/c:m3 is mapped to a T-score of -1.0 and Matched Conrel D (U559
80mgf‘cm3 is mapped to a T-score of -2.5. 100
100 Age 41-E0years
75 &0
- The WHO classification criteria for T-scores  } s
DXA T-score Classification E w
o
greater than -1.0 Normal E=
between -1.0 and -2.5 Osteopenia “ o a4
below -2.5 Osteoporosis p
below -2.5 with fracture Severe Osteoporosis 0 —
0 25 50 75 100 125 150 175

Spinal Trabecular Mineral Density (mg/cc)

Prevalence of Vertebral Compression Fractures in
Untreated Postmenopausal Women Scanned at UCSF



* Tani

e Femur boynu ve total kalca skorlari (2 boyuntlu projeksiyon)ilgili DXA
skorlarina estir. WHO kriterlerine gore tani konulabilir

e Kirik riski belirleme

* QCT ile dllctlen Spinal trabekller BMD kadinlarda DXA kadar kirik riskini
belirler. Erkeklerde veri yetersiz

* Tedavi karari
* DXA yoksa QCT ye gore verilebilir
* Monitoring
» Hastalik veya tedavi ile ilgili degisikliklerin izlenmesi icin kullanilabilir



Firsatci Tarama (Opportunistic Screening)

* FT, baska bir klinik amacla istenmis CT-MR gorintulerinin sonradan
diger bir amac icin kullanilmasi (pelvis, abdomen, AC)

* Mevcut CT goruntilerinin kirik riski yiksek OP hastalarinin belirlenmesi
amaciyla kullanimi

* Tomografi géruntulerinin yeniden degerlendirilmesi ile kirik tanisi
* Koronal/Sagital?
* Kac kesit ortalamasi?
 Skolyoz?
* Kifoz?



Pseudo X-ray from CT
average 200 slices=8 cm

Original CT

average
10 slices=0.4cm




e Kontrast kullanilirsa miktarina bagli sonuc etkilenir
* Kortikal ve trabekuler kemikteki etki farklidir
* Fantom???

* ISCD

 Stabilitesi saglanmis Scanner

e Cutoff degerleri belirlenmis ve validasyonu yapilmis makinelerde
e Dusiik BMD, Omurga ve Femurda duslik kemik glicti taramasi



Calibration Analogous DXA

BMD calibration phantom Advantages Disadvantages technique
Simultaneous Yes Correction of all scanner Phantom not in the same Hologic (calibration
external instabilities that affect the position as the bone to be wheel)
patient and the phantom in measured, difference in X-ray
the same way field inhomogeneities not fully
corrected
Asynchronous Yes Phantom can be scanned in the Short scanner instabilities that ~ GE-Lunar/Norland
external same position as the bone to occur between phantom (phantom scanned
be measured. measurements are not separately from
detected and are not corrected  patient)
Simultaneous No [nternal tissues close to the Details have not been published
internal bone to be analyzed are used.  yet, scientific validation not
potentially independent of possible, potentially scanner—
table height. specific constants have to be
considered
None No No additional effort Use of CT instead of BMD

values, CT values are scanner
specific, not comparable across
devices, normative data from
other scanners cannot be used,
scanner stability insufficiently
monitored for BMD
measurements

Abbr: BMD, bone mineral density; CT, computed tomography; DXA, dual-energy X-ray absorptiometry.



TBS

Int J Bone Frag. 2021; 1(3):120-127
https:doi.org/10.57582/WBF.210103.120




1 ) TBS Mapping @TBS Mapping 1 ) TBS Mapping
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Non-diagnostic image Non-diagnostic image Non-diagnostic image
@ TBS Spine Results @ TBS Spine Results @ TBS Spine Results
TBS L1-L4 = 1.431 - Normal microarchitecture TBS L1-L4 = 1.245 - Partially degraded microarchitecture TBS L1-L4 = 1.193 - Degraded microarchitecture

>1.31 normal, 1.23-1.31 kismen bozulmus mikromimari, <1.23 bozulmus mikromimari armis kirik riski

La radiologia medica (2024) 129:1224-1240



 TBS PM kadinlarda vertebra kalca ve major OP kirik riski ile iliskilidir

* TBS 50 yas Ustu erkeklerde kalca kirik riski ve major OP kirik riski ile
iliskilidir
* TBS klinik pratikte tek basina tedavi 6nerisi icin kullanilmaz.

* TBS in FRAX ile birlikte kullaniimasi kirik riskinin daha iyi
belirlenmesine faydalidir

* Tedavi alan hastalarda
* Anti resorptif tedavi lanlarda monitorizasyonda kullanimi acik degildir
* TBS anabolik tedavinin monitorizasyonunda potansiyel faydalidir

 TBS tip Il DM lu PM kadinlarda major OP kirik riski ile iliskilidir



Region CSA CSMI Z Cort BR
(cm?) (cm®)? (cm®) (cm)
NN 260 1.91 1.04 0.16 114
IT 452 11.82 3.87 0.34 9.0
FS 4.05 3.65 2.30 048 33

CSA = cross-sectional area

Neck Shaft Anglej 125° CSMI = cross-sectional moment of inertia
Z = section modulus
Hip Axis Length: 110 mm Cort = riea tkoess

BR = buckling ratio

Int J Bone Frag. 2021; 1(3):120-127
https:doi.org/10.57582/1J8F210103.120



* HAL PM kadinlarda kalca kirik riski ile iliskilidir

* DXA dan elde edilen kalca geometri parametreleri (CSA, OD, SM, BR,
CSMI, NSA) kirik riskini degerlendirmek ve tedavi karari ve
monitorizasyon icin kullaniimaz.



Bone Strain Index (BSI)

 DXA —kemik yogunlugu

* TBS — mikromimari

* BSI kemik gtict ve dayaniklihgini (Yaklenmeye karsi direnci)
* Finite element analizi

» Software kemik gerilme oranini haritalandirir
* Yuksek BSI degerleri yuksek gerilme orani ve artmis kirik riski ile iliskilidir



BMD

TBS
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BS|

BSI

<1.7 normal

1.7-2.5 straine dusuk direng
>2.5 straine kotu direng

BSIL1-L4 = 1.28 BSIL1-L4 =2.38 BSIL1-L4 =293

o

BSI NECK = 1.66 BSI NECK = 1.85 BSINECK = 2.79

o

La radiologia medica (2024) 129:1224-1240






