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Abstract

The detection and estimation of spinal abnormalities constitute major challenges in radiology and
orthopedics. This study investigates image processing techniques for the localization,
segmentation, and analysis of medical images of the spine. Given the structural complexity of the
vertebral column and the diversity of potential abnormalities, the use of automated and semi-
automated methods can enhance diagnostic accuracy while reducing analysis time. This paper
reviews classical and state-of-the-art approaches, discussing the advantages and limitations of
each. Finally, hybrid solutions based on machine learning and image fusion are proposed. The
results indicate that deep learning—based methods and multimodal image fusion can be effectively
applied to the detection of abnormalities such as scoliosis, kyphosis, and vertebral fractures.
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1. kyphometer
2. inclinometer
3. spinal pantograph
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1. thresholding
2. random forest
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1. hough
2. generalized hough transform
3. Fourier descriptors
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1. statistical shape model
2. canny edge detector



VEF b ¥ ooyl o a,,:g>\y3§3}5‘5o3},)>ww‘sua,@?uw I A

= A [ =
[} ) “ 4 ( \ = S >
5 < A, v
o i \
\ ),
— % /
——
Cervical vertebra Thoracic vertebra Lumbar vertebra

Q‘,ﬁO}LAJJ@ywb‘ﬁ&.ﬁ‘o}}“ﬁhe#d&&n:ﬂu.fJs.f:

B Cc

CT ,sas 6&3@}&}‘)#& .OJQ

CT @5‘} J.ij.‘,ai A
315 sty O3 Sk s B

(@\,ﬂf;w;}:jﬂ\f)&jbﬂﬂj\wLg.\.:.!r.:“..ﬁqqa‘:dtc

S L —

) X o
gray levels gray levels

oS sn oS 5 g SRS s S

US55 L o ok bl b e 2l s
@35 b Giledie) Sus Sl S ws Sl Jlal G55 Cmlr e Gt s 65
S o 03lial 4 LSS gt 1y (LT S8 ke 5 8= 00 585l Olke b (g5l le) o Ldd Jalase( o S



4 I éﬁ}gﬂj@ui})"b)‘g‘}\o:liu\\gQ\,ﬁ&wshsﬁ;&aUM;u&y’weu’)bJ@w

203 aglie 5 sl (a3slae 4 S YL (ol e 0 pge iy dlae Av Sl 38T S Juke
INV-FUNT- RSN PR

@olgin 5, S sls olis Shape-based Level Set ; Level Set Active Shape ¢l s, b awslis
3313 35 (6 208 Sy 6l Olaj 4y 5 3505 &gl ot & (6,208 Soeslgensls (55 Ll 5 55 65V 2

i 18 B PVIY 6 g0 VY (6l sl idu ) 0l ke

3,8 by g ptam VL 85 JUs S 5 JluSle lales 3 Gt (o 2 s

Spinal cord Vertebrae 2 3D
cT lmqn>> SRR >>m % > Segmentation > e

\ Coronolview  Sagittal view

Original 30 data set [ —
! .
&

] l' Shape Model Initialization
A
Spinal Cord Detection

Deformed Shape Model

Final Segmentation
{Using the ntensity, spatial

oteraction. and shape muyh))/

Data Size Reduction P

Glgi M i B, IS Ll Vv SS

Segmentation Accuracy under Noise Levels

100.00
¥
> 95.00
£
k]
2
§oo  Biial

" Dl SR -
o P, P -~.__
3 - \\\ ‘—~._*-
Q_ssoo L P S, e

s T -

z = e
g L T
gao.oo e
s
2 7500 o L
"
€
E?0.00
3" +-Ours aAl -+ A2 SA3
65.00

0 0.1 0.25 05

Noise Levels (Variance)

25 2205 B SIhb s oS ml A JSS

(VFA) ¢ g0 (SaaSs U515 5185 e (s 25w
il g T e i 0313 35501 DXAVFA a5 Yo (655 2 2 K bl ladue
ST S e SIS L ) w5 it 40 55 ol (glae g0

(ol 51555 OT (SlS (asets o (it Gla e 35 Lais 53 (oolgiin o) & b Ol s
o3l i3 3 db g b5 o3 gutome 3 gtawd (6,1 WL &) S Lasilits SIS 35 31 o phlan 5 Shas
2 badde (paands 4o # s (65K 4 Coed o 0o 4 5 BB 28 Sl ST s )



VEeE 5wl o oyl o) 6y93 ¢ G5 80) 8 3O oo SBCA piw aslilad &
BEAANLY) SRRSO 3 8057 53 (peeige ot

25 R85 L ¢ b o3linal (gl ot Bl hgsds S s s gy om0 e 6 09 5 g L1 ol

Al byl

s gians Boy s s DXA-VFA ; pai 4505 A S5

Lazaly Bl 3lKe jy gos b Sl gos N+ K

Sl S5 (51, Graph CUts , iz p goss plesl i, ¢SS Graph Cuts UMR 5 CT , slas plesl
MR i e 5 28l Sl 5 CT 51 medls Gl sl Sl 0l jon by Sl 02 Sz 61,IMR 5 CT
ool ts ale3T b po b Gl o) (il 4 soma B0 (655 (s3lgtiy gy oS Loty goas S5 5,
3 oS85 o5 ¢ gl st (glaslist o ki ps o Lo MR 51 Bas o3 28l Dbl 287 51 OLES (65T
A3l (ol gladi pod 5 dnils 5 e sl 4 Lol (6 VL (paieli Ol5 (ol slal i g o ) 5l CT
Lol Shla e C3L LS o mdly Hsbas |y (Sl

VU S8 LTy baoge CT usbuas 587555 2505 0 5l oslizul bl 536 (oalgiiy o) s g OLES Laaly
Gogo 3 See 3l (Sl o 2L bl Al Sl S pon 1) (ST Gl FY g 05 ST LIS
S o B gy (I3 8T B ( JolST CanSlh s s pe 5035 35050 14D I i 3 oS!

2 Satr SO laan, Sy Sl (6551 slac szl (Kb (bT (slad S oslia
Ot (8olgiiy S By 2515 DB O s sl pleal 5 i it (Sl ST 5 (65l (285 55
o sl 5 Ol il (S 1 5l ol (slae sga o550 55 (il 3,118 CoblB IS s 4 Sl alS
e e Ol

by el 5 JSK8 LT (sladde (SdIS jsas B13 5 oS 5 4 a0 O gl (IS 5 5ba
S 20 a5 1l Olaj RalS gy 2o S35 (131 Corsn J3n D)ot L5 o0 48 1y (luigy
255 D8 O pslas o s (b

GS a5 Lo -0
2L IOl 5 03 aenls s 5l S 4 el iy 5 IS AT L5 bnoga LIS SIS (sla s
mld.ﬁﬂ\.k&))a‘éw\)cd\fojW[\f‘ c\b]wwdh‘}»l{)jbb‘)()bboj:ﬁ éf}}'\:TLﬁ)}



o I éﬁuﬁﬁj\.\du&j‘éﬁj\n&u\\gu\,ﬁdwsbs)WUMJMaJ%}GAW

3ema b pds s S gladie [VF] 53le oo 3 5o 1y OT db 3 8 (6 0 YU Gl 5 L el )l s
IIVT 15 )18 als e 4y 55 5 055 el g adsl 231 tie & Y gome codommn (sla,bisle J2las 55 Ul

225035 ealply s LS Ol (GHT) wBlaans Slo Jsl e gl ) S5 S )
L1l Ol il 5315 VU Slwlous au3a ol ol b VA] dins o Ol oomlis 5 Shes S 5lil 5 3256 pl
D] 35500 sladas b iy cpl ol Loy s sdoes Sl el SN sl 2ol 531

&w&w‘ououw%&ySwsjs),,muu\;sugﬁ,,s.\mwowﬂj;w@u
Glaline 5 bas |y Lo ge (olu idu 5 LIS (1L 5 85 Wil 5 e liS o onlizul S 65lT ladie
Q\:jj’- Lo -t v Lsg:-)u\.q- ﬂj\..,aj (al.éa\ e .[T\ cT'].\.IAJ Lﬁ&\f ‘) \Jq-‘ QLaj QLA)VJ: 9 03l gf:i\f"
L] 258 00 p 5 3L 5 Slstmnel syl (S LT s 55000 5 e (L

b oS (6l Olej slyls b lae gn (s Jide 5 6}\.:’&,4 Sl LT, 33 égi ool Loty @l:} ol
a3 S5, (0] 4l (Koo 5T Slacs pdy ks 5 25 plp 53 Vb Sunslia 5 o)l alslite 0 il Sl
O gemea 2l glas )8 (ol slaze! 16 L;\c\.b_}f ch..i sldde 5 olad ol cods SeMbl e S 5
as I (S sl (st )1 5 e 5 s e

B9 5 ren Ol soas Gt GO sl ann 5 iy Gha s Sla gy Cudgdome 4 4 g L s g o
INT b G o 3l Gt (Gl (sl el Comalr 5 oilSe 85 U 55 0 slgiiny ST

Lo
o

1. Shahabi M, Minoonejad H, Karimizadeh Ardakani M. Functional movement patterns in
adolescent boys with hyperlordosis and healthy peers using the nine-test screening battery. The
Scientific Journal of Rehabilitation Medicine. 2025;14(4):532-45.

2. Qu B, Cao J, Qian C, Wu J, Lin J, Wang L, et al. Current development and prospects of deep
learning in spine image analysis: a literature review. Quantitative Imaging in Medicine and
Surgery. 2022;12(6):3454.

3. Diarbakerli E, Grauers A, Danielsson A, Abbott A, Gerdhem P. Quality of life in males and
females with idiopathic scoliosis. Spine. 2019;44(6):404-10.

4. Zhang H, Liu, Y., & Wang, Q. Automatic spine curvature estimation from X-ray images using
convolutional neural networks. IEEE Transactions on Medical Imaging. 2022;41(5):1203-14.

5. Barabas J, Babusiak B, Gala M, Capka M, Radil R, editors. Computer-assisted analysis of spinal
curvature parameters from CT images. 2012 35th International Conference on
Telecommunications and Signal Processing (TSP); 2012: IEEE.

6. Campi C, Perasso A, Beltrametti MC, Massone AM, Sambuceti G, Piana M, editors. Pattern
recognition in medical imaging by means of the Hough transform of curves. 2013 8th
International Symposium on Image and Signal Processing and Analysis (ISPA); 2013: IEEE.

7. Yao J, Burns JE, Getty S, Stieger J, Summers RM, editors. Automated extraction of anatomic
landmarks on vertebrae based on anatomic knowledge and geometrical constraints. 2014 IEEE
11th International Symposium on Biomedical Imaging (ISBI); 2014: IEEE.

8. Kadoury S, Labelle H, Paragios N. Spine segmentation in medical images using manifold
embeddings and higher-order MRFs. IEEE Transactions on Medical Imaging.
2013;32(7):1227-38.

9. Aslan MS, Shalaby A, Farag AA, editors. Clinically desired segmentation method for vertebral
bodies. 2013 IEEE 10th International Symposium on Biomedical Imaging; 2013: IEEE.

10. Campbell JQ, Petrella AJ. An automated method for landmark identification and finite-element
modeling of the Ilumbar spine. IEEE Transactions on Biomedical Engineering.
2015;62(11):2709-16.

11. Mirzaalian H, Wels M, Heimann T, Kelm BM, Suehling M, editors. Fast and robust 3D vertebra
segmentation using statistical shape models. 2013 35th Annual International Conference of the
IEEE Engineering in Medicine and Biology Society (EMBC); 2013: IEEE.



12.
13.
14.

15.
16.

17.
18.
19.

20.
21.

VEF Sl ¥ ooyled o 9)33&)\y}&ﬁsojyjéww‘sbaj&xuw I oy

Miles B, Ayed IB, Law MW, Garvin G, Fenster A, Li S. Spine image fusion via graph cuts.
IEEE Transactions on Biomedical Engineering. 2013;60(7):1841-50.

Lu H, Liu M, Yu K, Fang Y, Zhao J, Shi Y. A deep learning-based fully automated vertebra
segmentation and labeling workflow. British Journal of Hospital Medicine. 2025;86(9):1-22.
Zhang J, Lv L, Shi X, Wang Y, Guo F, Zhang Y, et al. 3-D reconstruction of the spine from
biplanar radiographs based on contour matching using the Hough transform. IEEE Transactions
on Biomedical Engineering. 2013;60(7):1954-64.

Garg R, Mittal A. A survey on techniques of vertebrae localization. 2014 Recent Advances in
Engineering and Computational Sciences (RAECS). 2014:1-4.

van der Velde R, Ozanian T, Dumitrescu B, Haslam J, Staal J, Brett A, et al. Performance of
statistical models of shape and appearance for semiautomatic segmentations of spinal vertebrae
T4-L4 on digitized vertebral fracture assessment images. The Spine Journal. 2015;15(6):1248-
54,

Kelm BM, Wels M, Zhou SK, Seifert S, Suehling M, Zheng Y, et al. Spine detection in CT and
MR using iterated marginal space learning. Medical Image Analysis. 2013;17(8):1283-92.
Wang Z, Zhen X, Tay K, Osman S, Romano W, Li S. A unified segmentation framework for
M 3 spinal images. IEEE Trans Med Image. 2010;34(8):1640-8.

Lecron F, Boisvert J, Mahmoudi S, Labelle H, Benjelloun M. Three-dimensional spine model
reconstruction using one-class SVM regularization. IEEE Transactions on Biomedical
Engineering. 2013;60(11):3256-64.

Oktay AB, Akgul YS. Simultaneous localization of lumbar vertebrae and intervertebral discs
with SVM-based MRF. IEEE Transactions on Biomedical Engineering. 2013;60(9):2375-83.
Yao J, Burns JE, Mufioz H, Summers RM. Cortical shell unwrapping for vertebral body
abnormality detection on computed tomography. Computerized Medical Imaging and Graphics.
2014;38(7):628-38.

2obas E5ls Sl eslatal b Ol 188 O g slacgyliall s 5 jesis (FF) ol ug)b- 9 0SS Al (0 geRRe o O-?.' 4 Sl

OY=FV (") o/p0 5 S (500 g3 porrlign (SIOCS iy anlilizs . S5y

® S
@ﬁ Journal of Recent Advancements in Material Science and Biomedical Engineering is licensed
under a Creative Commons Attribution-NonCommercial 4.0 International License.



