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Clinical classification of posterior trans—intervertebral space osteotomy in kyphotic and scoliokyphotic
spinal deformity/ WANG Yan//Chinese Journal of Spine and Spinal Cord, 2021, 31(11): 967-975
[Abstract] Objectives: To clarify the definition of trans—intervertebral space osteotomy (TIO) and to propose
a clinical classification of TIO based on the extent of osseous resection. Methods: The clinical data of 30
patients of kyphotic and kyphoscoliotic spinal deformity underwent TIO correction surgery from January 2003
to December 2012 [12 males and 18 females, aged from 29 to 69 years old (51.4£10.4 years old)] were
included. According to the intraoperative extent of osseous resection andthe involvedanatomical structures,the
TIO was classified into three main types and two additional subtypes (plus type): type I, the resection
included posterior facet joints with or without the intervertebral disc; type II, the resection included the facet
joints, intervertebral disc, and bony wedge of adjacent vertebra including either adjacent endplate; type III,
the resection included facet joints, intervertebral disc, and bony wedge of inferior vertebra including pedicle.
The type I and type Il had plus type (+ type), respectively. Five spinal surgeons evaluated and classified
the cases in sequence according to the above—mentioned classification to collect the evaluation data. Two
weeks later, the same five surgeons conducted a second evaluation and classified all the same cases in a
different order and their evaluation results were collected again. Fleiss’ Kappa coefficients were performed to
evaluate the reliability and reproducibility of the classification. Results: There were 15 cases of type I TIO,
6 cases of type I, 3 cases of type I+, 4 cases of type I and 2 cases of type I+ among the 30 cases.
The inter—observer reliability with a Kappa coefficient of 0.806-0.953; the inter—observer reliability with a
Kappa coefficient of 0.837-0.953, indicating a satisfying reliability and reproducibility. Conclusions: The
proposed clinical TIO classification was practical and validated reliable. It could be utilized for outcome
analyze for studies of various TIO techniquesas basic theory, which contributing to the surgical treatment of
kyphotic and scoliokyphotic spinal deformity.
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Figure 1 Graphical illustration of the TIO classification a, b Type 1 TIO: the osteotomy resection including facet
joints, partial rostral lamina and spinous process in target intervertebral space. The disc could be resected with posterior
longitudinal ligament for intervertebral space preparation ¢, d Type Il TIO: addition resection of bony wedge of adjacent
rostral or caudal endplate on the basis of type I TIO with space preparation; when resecting rostral endplate, the
laminectomy of rostral vertebra should be performed e Type I+ TIO: addition resection of bony wedge of the other ad-
jacent endplate on the basis of type II TIO f, g Type I TIO: addition resection of bony wedge including caudal pedi-

cles on the basis of type [ TIO with space preparation; the center of rotation could be determined by resection range

h, i Type I+ TIO: addition resection of bony wedge including rostral endplate or pedicles on the basis of type Il TIO
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Figure 2 Asymmetric type I TIO designing a, b Target angles of both coronal and sagittal
planes were measured after cephalic and caudal vertebral bodies reconstructed with preopera-
tive spinal CT data (red area indicating the resection portion), simulate osteotomy closure ¢,
d Asymmetric TIO was designed according to the direction of coronal imbalance preoperative-
ly e Direct bone—to—bone contact between vertebral bodies in target intervertebral space was

observed with an improved global alignment after simulation of osteotomy closure
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Figure 3 Intraoperative image and diagram of single level type I TIO a, b After adequate posterior decompression,
the pedicle was removed from the base with ultrasounic bone scalpel with care taken to protect the medial dural sac
and the traversing nerve root ¢, d After bilateral pedicle excision, osteotomy was performed from cancellous bone of the

pedicle base toward the intervertebral space

F1 SUBEMEHIT 30 6] E2EK TIO FRER
Table 1 The classifying result of 5 spinal surgeons for 30 TIO cases

R 1 [ i 2 [0 3 [0 4 ]
Spinal surgeon 1 Spinal surgeon 2 Spinal surgeon 3 Spinal surgeon 4 Spinal surgeon 5
F-W BIK B-me I B BRI Bk BRI B I
Ist time  2nd time Ist time  2nd time Ist time  2nd time Ist time  2nd time Ist time  2nd time
1 15 16 14 14 13 14 15 15 14 15
| 6 5 7 7 8 7 7 6 7 6
I+ 3 3 3 3 3 3 3 3 2 2
I 4 4 4 4 4 4 3 4 5 5
I+ 2 2 2 2 2 2 2 2 2 2
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Figure 4 Case of type [ TIO, geriatric female with degenerative scoliosis a, b A significant loss of lumbar lordosis

accompanied with thoracolumbar kyphosis was observed from the full-length AP and lateral X-ray ¢, d Postoperative
full-length radiology showed significant improvement of sagittal alignment with coronal balance Figure 5 Case of type
I TIO, middle—age male with ankylosing spondylitis kyphotic deformity (ASKD) who suffered from trauma causing T11
fracture before admission a Preoperative full-length lateral X-ray showed wedge—shaped T11 vertebra and disrupted infe-
rior endplate with the apex of kyphosis located at T11/12 level b T11 laminectomy with trans—intervertebral wedge re-
section of adjacent rostral endplate with segmental instrumentation by pedicle screw ¢ Full-length lateral X-ray at 6
months’ follow—up showed improved thracoclumbar kyphosis, sagittal balance and bony fusion in osteotomy leveld 3D re-
construction of full spine at 6 months’ follow—up showed solid fusion Figure 6 Case of type I[+ TIO, middle-age
male with ASKD accompanied with Andersson lesion at T10/11 a Preoperative full-length lateral X-ray showed pseu-
darthrosis at T10/11 level which is the apex of kyphotic deformity b Preoperative sagittal CT of full spine showed pseu-
darthrosiswith disruption of both adjacent endplates ¢ Intraoperative image of type Il + TIO: T10 laminectomy with trans—
intervertebral wedge resection of bothadjacent endplates d Full-length lateral X-ray at 3 months’ follow—up showed im-
proved thoracolumbar kyphosis with global balance and bony fusion in osteotomy level e 3D reconstruction of full spine

at 3 months’ follow—up confirmed solid fusion
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Figure 7 Case of type I TIO,

Q

kyphosis a Preoperative full —length lateral X -ray showed significant thoracolumbar kyphosis with wedged L1 vertebra

D &~

geriatric female suffered from post —traumatic

b Intraoperative image: T12 and L1 laminectomy with trans—intervertebral wedge resection of caudal pedicles and verte-
bral body;

follow—up showed thoracolumbar kyphosis was corrected with an improved sagittal alignment.

temporary rods were utilized to stabilize before osteotomy closure ¢ Full-length lateral X-ray at 6 months’
Bony fusion in osteotomy
level was observed with foramen combined Figure 8 Case of type I+ TIO, middle-age male suffered from severe
ASKD a Preoperative appearance photograph showed difficulty in horizontal gaze and sagittal decompensation with signifi-
cant rigid kyphosis b Intraoperative image: L2 and L3 laminectomywith trans—intervertebral wedge resection of both pairs
of adjacent pedicles ¢ Lateral X-ray at 6 months’ follow—up after second staged hip surgery showed improved sagittal

alignment and direct bony contact at the 12/3 level with solid fusion d The appearance photograph at 6 months” follow—

up showed an upright posture, improved visual field and sagittal balance
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T Bl B 3 S R BRI T M TR B %) 3 B0 B 3 et
F 431 B U R b i S 5 0 e J 4 S BUBY IR, A T
2 TIO M4RIE . PLIF 7E 1953 4 Cloward ™1k

®2 TIO HEHAEEMAEEESIN
Table 2 The inter— and intra—observer reliability of
TIO classification system

—HIBIE (n) —EH (%)

Identical case Identical rate

Kappafti
Kappa value

WG i)

Inter—observer
1-2 27 90.0 0.855
1-3 27 90.0 0.809
1-4 28 93.3 0.951
1-5 27 90.0 0.806
2-3 29 96.7 0.953
2-4 28 93.3 0.903
2-5 29 96.7 0.952
3-4 27 90.0 0.856
3-5 28 93.3 0.905
4-5 27 90.0 0.854

WMEEHE N

Intra—observer
1 27 90.0 0.837
2 28 93.3 0.904
3 29 96.7 0.953
4 29 96.7 0.951
5 29 96.7 0.951

I TR YT FEMEIR AT VESEAG . Brantigan SF20R iE
T PLIF ¢ & HE = MRURET PN [ 2 B 3R Tk Tk i
(polyetheretherketone , PEEK ) Cage ¥ A , 2K 1fif A ¢
R IMUES 73 PR B, HROR O JC = 4K
JEBE JJ . Harms %6PF 1982 4F H K kil T TLIF
B IZHOARTE A A A i
KA I3 — ) 5715 5 0 45 LA s il 5k 20 2351 %l 1
o A L T AHE R A B R SE % O PLIF 5
TLIF Aol R, 38 4 5615 28 561 56 2 VIR
P RMER] LAY [R] I ARAT 56 < AT A8 95 3
KEIERE ST, AT HIAZE R T A TIO, 2009
EIRTRN . A HGE T 2 HE ] BT
RIS RIHPE R J5 D IS, AT 506 HH 26
S MBITIO $EAR . Hm A rbub Je il 18 I+
RITIO B T 56 B A RS IR E Pott's 5 ™
W JE 45 U/ 1 AR BOR By i A 2 0 0 A
FEIFRAER, 2015 4, Berjano 52U iH 1 i1
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BOE VBRI BIAE S G LAy, BIEFE e R b A X
FRWLAT , W U2 T B, A G PR3 BT
BOEARTE ES 4,

gr bR E WU E LT TIO, JfF4e i T H
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