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ABSTRACT

Obijective: To evaluate the loss of correction after treatment of spine deformities with the technique of isolated posterior vertebrectomy.
Methods: Twenty-one patients were followed-up for three years after surgery with panoramic X-rays, CT scans, SF-36 and Oswestry
questionnaires. We evaluated the loss of correction, CAGE subsidence and the evolution of the pelvis-T1 angle during follow-up. The
correlation among the radiographic changes and functional and quality of life scores was also assessed. Results: All patients had some
degree of loss of correction and subsidence of CAGE, especially in the first year of follow-up. Such losses exerted negative impact on
the function, pain and self-image of the patients. Factors such as the stiffness of the fusion mass and size of implant used appear to
have contributed to the occurrence of subsidence, regardless of age and bone mineral density. Conclusions: The use of spacers with
larger cross-sectional diameter and more rigid rods can reduce the overloading on the anterior column of Denis, reducing the subsid-
ence and loss of correction. Additional stabilization strategies such as the use of orthoses postoperatively can also be useful, and
should be evaluated in subsequent studies.
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RESUMO

Objetivo: Avaliar a perda de corregao apods o tratamento de deformidades da coluna vertebral pela técnica de vertebrectomia posterior
isolada. Métodos: Vinte e um pacientes foram acompanhados durante trés anos apds o tratamento cirtrgico com radiografias panorami-
cas, tomografias computadorizadas e através dos questionarios SF-36 e Oswestry. Foram avaliadas perda de corregdo, subsidéncia do
CAGE e evolugdo do angulo pelve-T1 durante o acompanhamento. Também foi avaliada a correlagdo entre as alteragées radioldgicas
e os indices funcionais e de qualidade de vida. Resultados: Todos os pacientes apresentaram algum grau de perda de corregéo e
subsidéncia do espagador intersomatico, especialmente no primeiro ano de acompanhamento. Tais perdas exerceram impacto negativo
sobre fungdo, dor e autoimagem dos pacientes. Fatores como a rigidez da massa de artrodese e as dimensdes do implante utilizado
parecem ter contribuido com a ocorréncia de subsidéncia, a despeito de faixa etaria e densidade mineral 6ssea. Conclusées: O uso de
espagadores com maior diégmetro seccional e hastes mais rigidas podem reduzir a sobrecarga da coluna anterior de Denis, diminuindo
a ocorréncia de subsidéncia e perda de corre¢do. Estratégias de estabilizagdo adicionais, como o uso de drteses no pds-operatorio
também podem ser Uteis, e devem ser avaliadas em estudos subsequentes.

Descritores: Doengas da coluna vertebral; Osteotomia,; Subsidéncia.

RESUMEN

Objetivo: Evaluar la pérdida de correccion después del tratamiento de las deformidades de la columna vertebral mediante la técnica
de vertebrectomia posterior aislada. Métodos: Veintitin pacientes fueron sequidos durante tres arfios después de la cirugia mediante
radiografias panoramicas, tomografias computarizadas y con el uso de los cuestionarios SF-36 y Oswestry. Se evalud la pérdida de
la correccion, la subsidencia del CAGE y la evolucion del angulo pelvis-T1 durante el sequimiento. También se evalud la correccion
entre las alteraciones radiograficas y los indices funcionales y de calidad de vida. Resultados: Todos los pacientes presentaron algun
grado de pérdida de correccion y subsidencia del espaciador intersomatico, especialmente en el primer afio de seguimiento. Estas
pérdidas ejercen impacto negativo sobre la funcion, el dolor y la autoimagen de los pacientes. Factores como la rigidez de la masa de
artrodesis y el tamano del implante usado parecen haber contribuido a la aparicién de subsidencia, independientemente de la edad
y la densidad mineral 6sea. Conclusiones: El uso de espaciadores con digmetro de la seccion transversal mayor y barras mas rigidas
pueden reducir la sobrecarga de la columna anterior de Denis, reduciendo la ocurrencia de subsidencia y pérdida de la correccién.
Las estrategias de estabilizacién adicionales, tales como el uso de ortesis en el postoperatorio también pueden ser Utiles, y deben
ser evaluadas en estudios posteriores.

Descriptores: Enfermedades de la columna vertebral;, Osteotomia, Subsidencia.
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INTRODUCTION

Rigid deformities of the vertebral column are a therapeutic chal-
lenge for surgeons. Even with the improvements in techniques
and modern implants, full corrections are difficult to achieve, and
complications are common.” Different osteotomy techniques have
been recommended for the treatment of rigid deformities. Of these,
vertebral column resection (VCR), or vertebrectomy, is the one that
allows the greatest degree of correction.'?

In VCR, a segmental defect is created through the resection of
one or more vertebrae, using a dual approach (anterior and posterior)
or the posterior approach alone.? It was Maclennan®who, in 1922,
inaugurated the VCR technique for apical resection of rigid curves in
severe scoliosis. Bradford,* in 1987, used osteotomies by the dual
approach, achieving corrections of up to 50° for each vertebra re-
sected. In 2002, Suk et al.2described VCR by the posterior approach
alone (PVCRY). Just as technically demanding, this procedure avoids
violating the chest cavity, allowing three-dimensional corrections in a
shorter surgical time, with comparable efficacy to that of VCR by the
dual approach.! PVCR is currently used in various pathologies of the
vertebral column,®® aiming at a well-balanced spine, with correction
of the deformity and/or decompression of any compromised neuro-
logical tissue." Likewise, maintenance of correction obtained with the
procedure is a basic prerequisite for the good results of the treatment,
as failure to maintain the correction can lead to impaired vertebral
alignment, neurological deterioration, and reduced quality of life.®

Loss of correction after surgical treatment of spine deformities
has been an object of study among researchers since the last cen-
tury.'®'2 Various studies have already investigated the phenomenon
of loss of correction after subsequent arthrodeses, correlating the
progression of the deformity with different factors,''* but until
now, none have investigated the loss of correction after VCR in the
treatment of deformities of the vertebral column.

The objective of this study is to assess the loss of correction
after PVCR for the treatment of deformities of the vertebral column,
and the consequences of this loss in terms of patients’ quality of life.

METHODS

This is a retrospective cohort study conducted at the Instituto
Nacional de Traumatologia e Ortopedia Jamil Haddad - Ministry of
Health (INTO/MS). Clinical data and radiographic findings of pa-
tients submitted to PVCR in the period 2004 to 2014 were obtained
from medical records and imaging exams, after obtaining approval
from the Institutional Review Board (CAAE: 56634616.4.0000.5273).
The criteria for selection of patients are shown in Table 1.

Table 1. Criteria for the selection of subjects.

Diagnosis of congenital or idiopathic
kyphoscoliosis

Submitted to VCRP*, with resection of one or
more vertebrae between T3 and T12

Risser’s higher than 2 or closed triradiate

Inclusion Criteria .
cartilage

Minimum follow-up of three years

Posterior instrumentation exclusively with
pedicle screws

Previous surgery of the vertebral column

Inclusion of cervical vertebrae or iliac crest in
the posterior instrumentation

Exclusion Criteria - -
Surgical procedure performed in more than one

step

A failure due to breakage of the implant or
loosening of the bolts
*VCRP - Vertebrectomy via the isolated posterior route.

Twenty-one patients met the selection criteria and were inclu-
ded in the study. The surgical procedure used in the treatment of
deformities was PVCR, as described by Suk et al.? All the patients
used a brace in the first three months after surgery.

The variables analyzed were: age and weight at the time
of surgery, sex, skeletal maturity, neurological status, number
of vertebrae resected, and levels instrumented and subjected
to fusion; radiologically, the angle values of the principal and
secondary curves, dimensions of the titanium spacer used, and
dimensions of the vertebrae immediately adjacent to the PVCR
were measured; the occurrence of subsidence of the spacer in
adjacent vertebrae was also analyzed.

For the measurement of radiographic parameters, panoramic
images obtained in orthostasis, in the anterior-posterior and lateral
views, at different times: immediate pre-operative (images acquired
on patient admission), postoperative before hospital discharge, and
annually after the surgery. The angles of the principal and secondary
curves in the coronal plane, and of the global kyphosis (T5 to T12),
were evaluated individually by two spine surgeons using the Cobb
method."® The values were compared among themselves and in
cases where a difference greater than 5 was observed between the
evaluators, an additional measurement was taken by a third spine
surgeon. The means between the measurements were obtained,
and were considered the measurement values of the curves. Com-
puted tomographies were used to evaluate the positioning of the
implants and the occurrence of pseudoarthrosis, as well as for the
dimensions of the spacer and study of subsidence. The correction
rate (CR) and the annual loss rates (LCR', TPS12, LCR®) both for the
main curve (LCR-P) and for the thoracic kyphosis (LCR-TK), were
estimated using the formulas given in Figure 1.

Subsidence was evaluated in mid-sagittal computed tomogra-
phy acquisitions. (Figure 2) The penetration of the spacer into the
vertebral bodies immediately adjacent to the osteotomy site was
measured linearly, in millimeters. The percentage of penetration was
estimated considering the average height of the vertebral body, as
equations and diagrams shown in Figure 1. The dimensions of the
spacer, and its relationship to the adjacent end plates (RE/P) were
evaluated in mid-sagittal and mid-coronal computed tomography
acquisitions, as illustrated in Figure 1.

Pre- and postoperative neurological status was monitored using
the Frankel scale'® with evaluations on admission, immediately
postoperative, and annually after the surgery.

As parameters for evaluating of postoperative quality of life,
the pelvic angle-T1 (P-T1A ) was considered, measured annually,
in panoramic radiographies of the spine in orthostasis'” (Figure 2).
The Oswestry Disability Index (ODI)'®, Scoliosis Research Society
(SRS)-320" and Short Form-36 (SF-36)2° questionnaires, taken at
the end of the third year after surgery, were also considered.

The data collected were analyzed by the program SPSS (Sta-
tistical Package for the Social Sciences), version 22.0 and by the
application Microsoft Excel 2013. All the discussions considered a
significance level of 5% (0.05).

RESULTS

The data are shown in Tables 2 and 3. The age of the patients
ranged from 11 to 56 years, with a mean of 19.14 years (8= 10.0;
Cv = 0.53). The sample presented one outlier (56 years) and
with exclusion of this, the mean age dropped to 17.30 years (6=
5.51; Cv = 0.32). For the subsequent analysis, this latter value
was considered. No significant strong correlation was found bet-
ween age and the other study variables by Pearson’s linear and
Spearman’s order coefficients.

The distribution of the number of resected vertebrae ranged
from 1 to 3, with an average of two vertebrae removed. The number
of instrumented levels ranged from 5 to 15, with a mean of 10.4
(6= 2.5; Cv = 0.24), the most frequent being instrumentation of
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A
Correction rate (CR) Loss of correction rate (LCR)
(Cb, - Cby) x 100 (Cb; — Chg) x 100 (Cb, - Cby) x 100 (Cbs - Cb,) x 100
CR(%) = ——— LCR' (%) = — ———— LCR? (%) = ———————— LCR® (%) = — ———————
Chy (Cb,, - Chy) (Cb,, - Cby) (Cb,, - Cby)

Dcoronal

Dsagitral

Proximal (H) and distal (H) height of the vertebral bodies
(h1+h2) H (h'1+h2)
2 B 2

Subsidence (%) of the proximal (PS) end distal (PS') vertebrae
(S'x 100) (S x100)

PS' (%)= . PS (%)=

Relationship (%) between the CAGE and the end plate (RC/P)

100 x Dﬁxia.
RC/P (%)=

'sagittal X Dcoronal

Figure 1. Diagrams and equations used in the measurement of radiographic parameters. (A) - Use of Cobb angles in the follow-up (Cbp - Pre-operative,
Cb0 - Postoperative before discharge, Cb1 - 1 year postoperative, Cb2 - 2 years postoperative and Cb3 - 3 years postoperative) and equations used in
the calculations of surgical correction rate (CR) and the annual rates of loss of correction (LCR', LCR2 and LCR?3). (B) - Measurement of subsidence of
the spacer, where h1 and h'1 are the anterior heights of the vertebral bodies, and h2 and h'2 are the posterior heights; H and H’ are the mean heights of
the vertebral bodies; S and S’ are the values of penetration of the spacer; PS and PS’ are the percentages of subsidence of the spacer in relation to the
mean height of the vertebral bodies; Dayia, Dooronal @Nd Deagirar, refer to the diameters of the spacer in those anatomical planes; and RE/P is the percentage
ratio between the cross-section diameter of the spacer and the area of the lower end plate. In figure 1A, the diagram refers to the measurements made
on panoramic radiographs; in Figure 1B, the diagram refers to the sagittal reconstructions and axial tomography images.

12 levels (f = 38.1%). In all the subjects, the principal curve was
thoracic, and the resected vertebrae were between T5 and T12.
In the paired Student’s t and Wilcoxon tests, the effect of surgical
intervention was indisputable, with mean TCs of 54.4% in the coro-
nal plane (p < 0.001) and 47.71% in the sagittal plane (p < 0.001).
Significant loss of correction was observed with a pattern of
low variability (Cv = 0.2) for the postoperative measurements,
with a mean loss of correction rate in the coronal plane (LCR-P)
of 22.3% in the first year, 6.2% in the second year and 2.8% in the
third year (p values < 0.001 in testing the paired Student’s t and
Wilcoxon tests for each year). Significant loss of correction was
also observed in the sagittal plane, with a pattern of low variability
(Cv = 0.210 0.25), at a loss of correction rate of kyphosis LCR-TK
of 26.5% in the first year, 12.8% in the second year and 3.5% in
the third year (p < 0.001 in the paired Student’s t and Wilcoxon
tests for each year). Figures 2 and 3 show the loss of correction
in the coronal and sagittal planes during the follow-up period.
The correlation between the mean rate of mean correction

(LCR) in both planes and the number of vertebrae resected was
not statistically significant by the Pearson’s linear correlation tests
(p = 0.05 for the coronal plane and p = 0.417 for the sagittal plane)
or Spearman’s order correlation (p = 0.129 for the coronal plane
and p = 0.451 for the sagittal plane).

There was a proportional relationship between LCR the LCR-P
first and second years, with statistical significance by Pearson’s
coefficient (p = 0.005). The LCR was higher in the first year,
decreasing over the second and third years after surgery. The
higher the LCR -P'and [CR -CT', the lower the loss observed
in subsequent years. The variability with which these losses
occurred, evaluated by the coefficient of variation was lower in
the first year than in the other years, albeit with low statistical
significance, regardless of the number of vertebrae removed.
(Table 4) No statistical correlation was observed between the
severity of the initial deformity, estimated by the preoperative
Cobb measurements, and the loss of correction (Pearson’s and
Spearman’s less than 0.4).
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Table 2. Evolution of the principal curve, thoracic kyphosis, and pelvis angle-T1.

Postoperative before

Age discharge

Preoperative

15t Year Postoperative

2" Year Postoperative | 3" Year Postoperative

CL RE/P

Pp CTp P° CT® | P-T1° P’ cT' P-T1' p? CT2 | P-T12 p3 CT® | P-T13?
1 56 78 88 32 40 24 44 55 16 48 60 14 48 60 14 4.5 34.5
2 24 54 65 32 30 20 38 45 18 40 54 16 40 56 16 5.0 36.7
3 15 46 58 28 30 14 32 40 15 32 45 18 32 46 18 3.5 376
4 14 62 57 32 30 23 38 42 24 40 46 25 42 48 25 2.5 314
5 18 88 90 42 45 22 54 52 22 56 58 26 57 58 24 4.0 52.3
6 23 42 98 28 55 24 40 65 8 40 76 10 40 83 23 4.5 35.6
7 13 84 50 34 30 20 47 39 18 50 42 20 52 44 18 55 36.7
8 31 74 80 26 30 22 40 45 20 42 47 22 44 48 24 5.0 33.6
9 21 82 70 44 50 20 51 55 16 53 60 14 54 61 14 3.0 46.6
10 14 74 80 28 50 25 40 58 20 42 60 20 44 61 16 3.5 42.5
1 16 64 100 30 50 25 37 62 20 40 64 20 42 65 20 4.5 47
12 M 46 68 20 40 20 25 48 18 27 60 16 28 60 16 2.5 38.5
13 26 98 100 40 50 15 52 62 15 53 68 18 55 70 18 5.0 46.9
14 14 78 88 46 48 18 52 54 20 54 58 22 55 60 22 4.5 54.6
15 20 100 110 32 55 20 52 68 18 52 72 20 52 72 18 5.0 43.2
16 11 80 80 40 45 16 48 49 16 50 50 18 52 52 16 3.5 58.9
17 1 68 60 32 40 22 39 44 20 44 45 22 44 45 24 2.0 49.6
18 17 78 90 32 55 16 44 63 14 46 66 18 47 67 14 4.5 476
19 14 44 65 20 25 16 24 32 16 28 36 18 30 36 16 25 576
20 20 78 65 35 25 22 38 35 20 44 38 22 44 39 24 5.0 44.3
21 13 94 96 38 35 16 50 40 14 52 44 18 54 46 14 6.0 62.3

P- Values in degrees of the principal curves. TK - Values in degrees of the thoracic Kyphosis. P-T1 - Values in degrees of the pelvic angle-T1. CL - Longitudinal measurement of the intersomatic spacer, inn
centimeters. RE/P - percentage values between the cross-section diameter of the intersomatic spacer and the area of the end plate. The indices p, ', 2 and 3, represent the preoperative, postoperative before

discharge, first, second and third years respectively.

Table 3. Oswetry, SRS-22 and SF-36 at the end of the third postoperative year.

SRS-22 SF-36
or! Function | Pain I:ZI;_E “:::IEI Total | Physical | Mental
11| 52 4.4 4.3 3.3 3.6 3.9 49.7 54.8
2| 46 4.1 4 3.3 3.8 3.8 50.1 55.7
3| 14 3.6 3.7 3.3 3.6 3.6 40.1 55.3
41 28 2.9 3 2.7 2.8 2.9 36.4 40.1
5| 22 3.1 3 3 3.6 3.2 378 49.8
6| 34 3.9 4 2.7 3.8 3.6 48.9 60.2
7| 26 4.1 4 3 4.5 3.9 50.3 64.3
8 | 49 2.9 3 23 4 3.1 40.1 40.3
9| 25 4.3 4.3 4 3.6 4.1 59.8 54.8
10 19 4.3 4.3 3.7 3.2 3.9 60.2 50.2
m| 21 3.7 3.7 2.7 2.8 3.2 52.3 48.6
121 1 4.6 4.7 4 3.4 4.2 64.7 64.2
13| 50 4.3 4.3 4 3.2 4.0 575 58.9
141 13 3.7 3.7 23 2.8 3.1 443 479
15| 22 4.7 4.7 4 2.8 4.1 59.3 51.4
16| 15 4.3 4.3 4.3 3.2 4.0 54.5 54.8
171 19 3.7 3.7 3 2.8 3.3 39.6 54.2
18| 15 4.1 4 4.3 3 3.9 42.5 49.7
191 1 3.9 4 4 4.5 4.1 38.7 64.2
20| 23 34 3.3 2.7 2.8 3.1 38.4 421
211 13 4.3 4.3 4 4.5 4.3 42.6 66.8

ODI - Values of the Oswetry Disability Index questionnaire. SRS-22 - Values of the scoliosis Research
Society questionnaire, 22nd edition. SF-36 - Values of the 36-Item Short Form questionnaire.

Analyzing the first year after surgery, it is clear that this was the
only period in which the loss of correction (LC) maintained a directly
proportional relationship with the number of vertebrae resected,
albeit with low statistical significance. (Figure 4)

The subsidence rate (SR) observed was, on average, 43.05% in
the first year, 1.40% in the second year, and 0.89% in the third year.
The difference between the rates was statistically significant between
the years of follow-up (p = 0.000 by the Friedman test). (Figure 5)

There was no significant correlation between SR and age or
number of vertebrae resected (p > 0.05 in the Pearson’s and Spear-
man'’s correlation tests) in any of the three years of follow-up. The
correlation between SR and the LCR was significant only during the
first year after surgery. (Table 5)

Analyzing the dimensions of the spacer, we found a significant
correlation of proportionality between its longitudinal measurement
and CR (p < 0.001) and with the SR (p < 0.005). We also found a
strong correlation between RE/P and the SR in the first year after
surgery, with a correlation of -0.76 by Pearson’s coefficient and
-0.81 by Spearman’s coefficient (p < 0.05).

In relation to neurological status, 17 patients (81%) maintained
their Frankel score after the surgery. Four patients had an improvement
in status: one patient from Frankel C to Frankel E, and three patients
from Frankel D to E (14.3%). There was no worsening of neurological
symptoms, even in patients who already presented some deficit in the
preoperative evaluation. The postoperative Frankel score was maintained
throughout the follow-up period, in spite of the loss of correction observed.

The correlations between ODI and the loss of correction in the
coronal and sagittal planes over the three years after surgery were
not statistically significant (p > 0.05 in the Pearson and Spearman
tests). The correlation between ODI and age was positive (p < 0.05
in the Spearman test). No significance was found in the linear
regression model relating the LCR, age, and ODI. All the models
proposed for the three years after surgery showed no statistical
significance in parameters (p > 0.05), or significance of the model
by the F test (p > 0.05), and had low explanatory power (R2 < 0.3).
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Figure 2. Imaging exams used in the follow-up of patients.
APT1 - pelvic angle-T1 measured in degrees. TK - thoracic kyphosis. The indices ', 2and ¢, represent
the first, second and third years respectively.
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Figure 3. Evolution of the deformity in the postoperative period. CR -Average
correction rate. LCR - Mean loss of correction rate.
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Table 4: Correlation of loss of correction rate and number of vertebrae resected.

Pearson’s Linear Spearman’s Order

Correlation Correlation
LCR -P! (p-valor) 0.350.116 0.28 0.218
LCR -TK' (p-valor) 0.25 0.282 0.230.313
LCR -P? (p-valor) -0.25 0.265 -0.10 0.677
LCR -TK2 (p-valor) 0.07 0.778 0.28 0.212
LCR -P3 (p-valor) -0.15 0.522 -0.11 0.626
LCR -TK? (p-valor) 0.37 0.102 0.40 0.072

LCR-p- Mean loss of correction rate of the principal curve. LCR-CT — Mean loss of correction rate of
the thoracic kyphosis. The indices *. 2 and 2. represent the first. second and third years respectively.

40 1
p-value = 0.490
35 1 30.19 Percentage loss in the Coronal plane
30 2513
241
257 p-valor=0381
20 1 12.66 14.14
15 4 11.69
p-valor=0.039
107 5.18
‘ 3.95
51 1.21
O -
First year Second year Third Year
Number of vertebrae resected
L m2 3

40
35 1

30 Pprvalor = 0425 Percentage loss in the Sagittal plane

251 21.9722.28
20.23

20
15 - p-value = 0.699
10 830 p-valor = 0.440
6.21
5 283 370 283

First year Third Year

Second year

Number of vertebrae resected
Ll |2 3

Figure 4. Loss of correction by the number of vertebrae resected.

P-T1 varied significantly in the postoperative period (Table 2) but
showed no significant correlation with ODI or with the domain mental
health of the SRS-22 (p > 0.05 in the Pearson and Spearman tests).
However, a strong and statistically significant correlation was obser-
ved for the items function, pain, and self-image in this questionnaire
(coefficients > 0.7, p < 0.05). Also, there was a significant correlation
between SF-36 and P-T1, albeit weaker than those observed with SRS-
22 (Pearson -0.54 and Spearman -0.53, both with p < 0.05).

DISCUSSION

Since the second half of the last century, the loss of correction
after surgical treatment of deformities of the vertebral column has
been an object of interest. Dubousset et al.'! were the first to report
the progression of the deformity in patients submitted to posterior
arthrodesis, inaugurating the research on the subject.''® For a long
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Figure 5. Rate of annual subsidence.

Table 5. Correlation between rate of subsidence and annual loss of cor-
rection rate.

SR vs. LCR-P (Coronal SR vs. LCR-CT
Loss) (Sagittal Loss)
First Year
Pearson’s test 0.16 0.76*
Spearman’s test 0.29 0.64*
Second Year
Pearson’s test -0.42 0.14
Spearman’s test -0.42 0.03
Third Year
Pearson’s test 0.03 0.13
Spearman'’s test 0.2 0.13

*significant correlation (p < 0.001 in the Pearson’'s and Spearman’s tests)

SR - Subsidence rate. LCR-P — Loss of correction rate of the principal curve. LCR-TK — Loss of
correction rate of the thoracic kyphosis.

time, attention was focused on skeletal maturity, recommending that
children with Risser’s score of less than 2 be treated with anterior
fusion to avoid loss of correction after surgery.'® With the advent of
pedicle screws, it was believed that the better biomechanical control
afforded by these implants would prevent the progression of the
deformity even in the immature skeleton. However, this theory has
not been born out in clinical case studies.™

Subsequent studies demonstrated that even patients treated
after skeletal maturity with pedicle instrumentation and posterior
fusion presented some degree of loss of correction, reinforcing
the hypothesis that other factors are also involved in the loss of
correction, besides skeletal growth.' These factors were: the oc-
currence of pseudoarthrosis or implant failure, incorrect selection
of levels of fusion, the phenomenon of adding-on and the biological
plasticity of the arthrodesis mass. 314222 |n our series, we included
only patients instrumented exclusively with pedicle screws, Risser’s
score above 2, and/or closed triradiate cartilage, in order to reduce
the interference of the growth of the anterior spine. All the patients
underwent arthrodesis of the most stable vertebra proximal to the
most stable distal vertebra, without any adding-on or pseudoarthrosis
in any of the patients. Meanwhile, subsidence of the intersomatic
spacer and progression of the deformity were observed in all patients.

Subsidence has been related to loss of correction and post-ope-
rative complications in other clinical scenarios,? but not after PVCR.
One of the factors directly related to the subsidence is bone mineral
density (BMD). Patients with low BMD secondary to neoplastic di-

seases and/or metabolic disorders, or those with dementia, have
lower resistance at the interface between the spacer and the end
plates, favoring the occurrence of the phenomenon. In our series,
no study was done directly based on BMD, but none of the patients
had conditions known to be related to bone fragility.

Regardless of age, the LCR and the SR maintained a rela-
tionship between themselves and were predominantly higher in
the first year. We believe that during this period, the arthrodesis
mass still has sufficient plasticity for the deformation, similar to
what occurs in the process of fracture consolidation. During bone
consolidation, the formation of a primary callus occurs during
the first 3 to 5 weeks, but the trabecular structuring of the bone,
which makes it capable of full load bearing, may extend from six
months to one year.?* When a PVCR is performed, the segmental
defect created with the resection of vertebral bodies is filled by the
spacer with a bone graft. This implant is positioned in the anterior
column, according to the classification of Denis, a region subject
to compression. The maturation of the neoformed bone ensures
sufficient rigidity to the arthrodesis mass, allowing compression
forces to be dissipated, as they are shared between the spacer
and the bone bridge. Given that the maturation of the arthrodesis
may continue for up to a year,?® the biomechanical stress on the
spacer during the first months after surgery may explain the higher
SR observed during this period.

A variation of the PVCR technique, with the use of fragments
of the costal arches posteriorly between the immediately adjacent
vertebral laminae, is an attempt to increase the rigidity of the ver-
tebrectomia,?® but further studies are needed to evaluate its true
biomechanical importance. Another strategy that can decrease
the occurrence of subsidence after the PVCR is the use of braces
in the postoperative period. In our case series, all patients used
braces for the first three months after surgery, to reduce the action
of compressive forces on the Denis’ anterior column, providing
additional stabilization of the surgical implants, but LC and subsi-
dence invariably occurred. Similarly, controlled studies evaluating
the use of an external brace after surgery will also help to determine
whether this strategy is ineffective or merely underused.

Another fact that corroborates the importance of consolidation
and rigidity of the anterior arthrodesis mass is the fact that longer
spacers are related to higher SP (%). Two factors may explain
these findings. Firstly, the length of the spacer requires the use
of a larger amount of autologous graft, and therefore, a larger
area for consolidation. Although the exact time of consolidation
has not been determined in our study, we estimate that the area
of arthrodesis through the formation of a bone bridge, and the
time needed for this, are directly proportional. In addition, CR was
related to the length of the spacer used, and not with the number
of vertebrae resected or the number of levels instrumented. It is
known that rigid and/or long curves require more stabilization by
the implants used, both for pedicle screws and rods, and for inter-
somatic spacers.?’ It is likely that the greater correction observed
with the use of longer spacers has submitted the interfaces of this
implant with the end plates to greater biomechanical stress, thus
favoring the occurrence of subsidence. The SR was also greater
in patients with a lower RE/R, possibly because the compression
strength of the spacer is concentrated in a smaller area of end
plate, favoring subsidence. In our study, we used titanium rods
of 5.5 mm in diameter, which present a significant deformation
coefficient.?”?® The use of larger-diameter rods and/or rods ma-
nufactured with more resistant alloys could add greater rigidity to
the posterior stabilization, reducing the compression forces on
the anterior column, where the spacer is positioned.

Another aspect that requires discussion is the fact that the
patients who presented higher LCR' also presented lower TPS?
and LCR?, regardless of the size of the spacer. We believe that
for a single patient, during the period in which the arthrodesis has
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not acquired sufficient rigidity to withstand the compression loads
without deforming, subsidence will occur until a new biomechani-
cal equilibrium is established between the curvatures of the axial
skeleton, especially in the sagittal plane. The exact moment during
the first year after surgery when the speed of progression of the
spacer decreases was not determined in this study and could, in
conjunction with direct analyses of consolidation and BMD, contribute
to an understanding of the dynamics of migration of the spacer in
response to the plasticity of the arthrodesis. Equally, biomechanical
studies involving the distribution of loads on Denis’ anterior column,
changes in the sagittal axis and its relationship with the spinopelvic
alignment, would contribute greatly to the understanding of the
process of adaptation of the skeleton to the VCPR technique.

We also assessed the impact of the LC with an increase in the
coronal deformity on the patients’ neurological status. Zhang and
Miladi correlated thoracic kyphosis with neurological deterioration,
relating the mechanical compression of the neuronal tissue and
damage to the anterior vascularization of the spinal cord, as possible
causes of this complication.?*% During the follow-up period of our
patients, there was no neurological deterioration. We understand that
resection of the posterior elements in the PVCR technique provides
additional protection by enabling the posterior deviation of the spinal
cord when the loss of correction occurs gradually. In addition, it
is expected that gradual recurrence of the deformity will allow the
blood flow to the spinal cord to be diverted to alternative vascular
supply routes, such as the branches of the anterior spinal artery.

Another focus of interest of our study was to evaluate how
the LC would be capable of impacting the patients’ functional
capacity. Previous studies have suggested that subsidence can
interfere in the curvature of the spine, and therefore, on pelvic
balance — a prognostic marker that is increasingly used in the
treatment of pathologies of the vertebral column.'”*! We opted
for the use of P-T1A as an indicator of sagittal balance, and
found that increasing values of this parameter after surgery were
correlated with poorer scores for function, pain and self-image
in the SRS-22. This estimated functional deterioration cannot be
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attributed directly to the PC, because the design of our study did
not include the possibility of other determinant variables of spinopel-
vic equilibrium, such as the characteristics of the compensatory
curves, or lumbar lordosis. Even so, as in our series the greatest
LCR variation P-T1A occurred during the first year, the impact of
LC on the pelvic parameters cannot be overlooked, and should
be evaluated in subsequent studies.

Our study is the first to evaluate the role of the phenomenon of
subsidence in loss of correction after PVCR. It presents as limitations
the small number of our sample, the lack of a direct evaluation of
BMD or of the process of consolidation, and a biomechanical analysis
of the forces acting on the spacer before and after maturation of
the arthrodesis mass. We sought to analyze the phenomenon of
subsidence by isolating confounding variables, such as skeletal
maturity, type of implant and complications that could lead to PC,
but we recognize that in view of the specific characteristics of the
PVCR technique, the behavior of the complementary curves, and
their relationship with the spinopelvic alignment, are not yet fully
understood, prompting research in major centers around the world.

CONCLUSION

The phenomenon of subsidence after PVCR for the treat-
ment of rigid deformities of the vertebral column is very prevalent,
contributing greatly to LC in the postoperative period. Factors
such as the plasticity of the arthrodesis, the length of the CAGE,
and its smaller diameter, are related to a higher occurrence of
the phenomenon, and should be taken into consideration. The
use of spacers with larger diameters and/or more right rods can
decrease the occurrence of subsidence and loss of correction.
Complementary strategies to surgical stabilization, as the use of a
brace, especially in the first year after surgery, can also be useful
and should be evaluated in subsequent studies.
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