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OF EVALUATING THE EFFECTIVENESS OF ANTERIOR
DYNAMIC CORRECTION OF ADULT SCOLIOSIS

S.V. Kolesov, V.S. Pereverzev
National Medical Research Center of Traumatology and Orthopedics n.a. N.N. Priorov, Moscow, Russia

D)y |

The article reviews the dissertation work of M.M. Usmanov, “Changes in the Intervertebral Disc with Limited Damage to its Elements and
Implantation of Various Materials: an Experimental Study”, defended in 1991. This study is of great interest to us in the light of the de-
velopment and advancement of anterior dynamic correction of scoliosis in patients with completed and close to complete growth, where
we believe the partial nucleotomy to be a key moment for ensuring optimal results. The dissertation describes an experimental morpho-
logical study on rabbits and convincingly proves that limited damage to the intervertebral disc elements can affect the strength proper-
ties of the spinal motion segment. A direct correlation between the morphological state of the intervertebral disc and the strength char-
acteristics of the spine is shown. It was established that changes in the strength characteristics of spinal segments depend on the nature

and amount of regenerating tissue in the intervertebral disc. This information can confirm and explain the effectiveness of the new ap-

proach to treating scoliosis.
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Anterior release is known and widely
used in the surgical treatment of idio-
pathic scoliosis (IS) as the first proce-
dure, followed by traction and posteri-
or deformity correction [1-4]. The goal
of disc removal is to both enhance spi-
nal flexibility and improve further cor-
rection of the deformity with posterior
rigid fixation [4-6). The efficacy of pri-
or anterior release in IS regarding better
deformity correction compared to the
posterior approach only was not proven,
and thus the indications for the com-
bined approach are still controversial.
However, in recent years, the technique
of vertebral body tethering (VBT) has
been proposed, which involves the use
of a single flexible cord and a series of
screws placed in the vertebral bodies in
the transcortical manner on the convex
side from the anterior approach. This
approach assumes that patients with
growth potential have self-correction of
deformity through growth modulation
with preservation of spinal mobility, yet

no interventions are performed on the
intervertebral discs in this case [7-10].
There are various reports that the suc-
cess rate of the technique reaches only
57-59 % [11], with reports of better out-
comes in patients with completed and
close to complete bone growth, up to
74 % of cases [12].

Therefore, for adults, another tech-
nique — ASC (Anterior Scoliosis Correc-
tion), has been proposed [11, 13]. The
core of this technique consists of the fol-
lowing key points:

1) the correction is performed in
patients with either completed or close
to complete spinal growth;

2) the correction is performed as a
one-stage procedure without growth
modulation;

3) an anterolateral approach is used
for correction, and 2 polyethylene tere-
phthalate cords are placed in the verte-
bral bodies;

4) a partial discectomy is performed
at all levels of fixation to considerably

0

increase the degree of correction, dero-
tate the vertebrae, and reduce the num-
ber of implant-associated complications.
The majority of articles about anterior
dynamic scoliosis correction are dedicat-
ed to the Vertebral Body Tethering (VBT)
technique, which is used in children for
growth modulation; however, it is usu-
ally connected with a certain number of
implant-associated complications such as
cord ruptures and hyper- or hypocorrec-
tion [9, 11, 14-16]. Nonetheless, the tech-
nology is unquestionably groundbreak-
ing since it enables both correction of
scoliosis and preservation of mobility in
the operated segment, particularly when
used in patients with completed and
close to complete bone growth [11, 13].
Dynamic scoliosis correction in adults
with IS is a very new field, the efficacy
and potential of which remain to be
understood. Betz and Antonacchi, the
authors of the dynamic scoliosis fixa-
tion technique, in contrast to the term
VBT used in growing patients, proposed
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to define this technique as the Anterior
Scoliosis Correction (ASC) when using it
for patients with complete growth [11,
17]. Still there are practically no articles
fully analysing the use of this technique
in adults.

The ASC technique has been used in
our countty since 2019, and some of its
outcomes have already been presented
[13], including those that have demon-
strated stability of the achieved correc-
tion, a low number of complications,
and preservation of mobility in the
operated segment for two to five years.

In order to understand the reason
why ASC technique provides such sta-
ble outcomes, an experimental work
was planned. While analysing the litera-
ture, we have found a study that, in our
opinion, fully covered this issue back
in 1991, more than 30 years ahead of
its time.

In 1988, Stepan Timofeevich Vetrile
was appointed Head of the Department
of Spine Pathology at the National
Medical Research Center of Traumatol-
ogy and Orthopedics n.a. N.N. Priorov
(CITO; Moscow). At that time, a post-
graduate student Mirgiyas Mirkamilov-
ich Usmanov was sent to him from
the Uzbek Soviet Socialist Republic.
He became the first postgraduate stu-
dent of Professor S.T. Vetrile and was
assigned the study entitled “Changes
in the Intervertebral Disc with Limited
Damage to its Elements and Implanta-
tion of Various Materials [18].” The the-
sis was successfully defended in 1991.
Only two articles were published on its
materials, and it did not draw attention.

In 1991, grafts were used very rarely
in spine surgeries. When planning his
study, S.T. Vetrile pursued an objective:
he wanted to develop a puncture treat-
ment technique for degenerative inju-
ries of the spine (in fact, a forerunner
to endoscopy). Performing interverte-
bral disc fenestration was to confirm that
this technique increases the stability of
the operated segment. Besides Profes-
sor Vetrile and the postgraduate student
Usmanov, a morphologist M.N. Pavlova,
and Professor N.S. Gavryushenko took
part in the study. A retrospective review
of this dissertation not only inspires

admiration for the authors’ remark-
able foresight but also provides appre-
ciation for its exceptional level: meth-
odology, comprehensive experimental
scope, morphological studies quality,
and presentation.

Therefore, we considered it possi-
ble to present the analysis of this dis-
sertation in a separate article, apply-
ing its outcomes to the technology of
dynamic correction of adult scoliosis
(ASC) when surgery is performed on
the intervertebral discs in the fixation
area.

The objective is to retrospectively
analyse the experimental and morpho-
logical study of surgeries on interverte-
bral discs from the standpoint of evalu-
ating the effectiveness of nucleotomy
in anterior dynamic correction of sco-
liosis in patients with complete and
close to complete bone growth.

Materials and Methods

The main part of the study deals with
intervertebral disc surgeries in chin-
chilla rabbits. A total of 154 mature
rabbits were used in the experiment;
experimental surgeries on lumbar
intervertebral discs were performed
on 135 of them. Animals were divided
into 2 large groups considering the
characteristics of the procedures:

— Group I: animals with limited dam-
age to the soft tissue component of the
disc (annulus fibrosus and nucleus pulp-
osus), including;

0 - damage within the disruption of
the annulus fibrosus area;

1 — perforation of all layers of the
annulus fibrosus;

2 — perforation of the annulus fibro-
sus with removal of the nucleus pulposus;

— Group II: animals with limited dam-
age to the soft tissue component and
endplates of the disc including:

3 — damage to the endplate within the
damaged area of the annulus fibrosus;

4 — perforation of the annulus fibro-
sus with removal of the nucleus pulposus
and damage to the endplates;

5 — with replacement of the soft-tis-
sue component of the disc defect with a
biopolymer graft;
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6 — with replacement of the soft-tis-
sue component of the disc defect with a
carbonaceous graft;

7 — with replacement of the defect of
the soft tissue component and vertebral
endplates with a biopolymer graft;

8 — with replacement of the defect of
the soft tissue component and vertebral
endplates with a carbonaceous graft.

All surgeries were performed under
anaesthesia via a transperitoneal
approach. There were 15 animals for
each modification of the surgery; 6 of
them were subjected to the study of
strength properties (2 rabbits for each
period of the study). The interverte-
bral discs of the remaining nine rab-
bits were studied using morphological
techniques (3 for each study period).

In order to identify the trends of
morphological changes in interver-
tebral discs and strength properties
of vertebral segments, all animals
were divided into 3 groups: the first
group included animals studied with-
in 14 days; the second group included
animals studied within 30 days; and the
third group included animals studied
within 90 days after the surgery.

In order to determine grafted mate-
rials changes over time, the interver-
tebral discs of four rabbits were sub-
jected to morphological examination
after 1.5 years.

The control group comprised 15 ani-
mals; nine of these animals also under-
went examination of vertebral segments
for strength properties (3 for each
period).

Therefore, a total of 182 interverte-
bral disc specimens (91 animals) were
subjected to morphological examination,
and 378 lumbar spine segments (63 ani-
mals) were subjected to strength proper-
ties testing.

The mobility test was performed on
Zwick-1464, a universal testing machine,
by the three-point bending technique
(Fig. 1).

During the tests, a special derotation
device was used (Fig. 2).

Soft tissue and transverse processes
were removed from the test fragment
prior to testing. Pressure was applied at
a rate of 5 mm/min (Fig. 3).
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Today, we are mostly focused on the
surgical outcomes of procedures pet-
formed without carbon and polymer
grafting,

Results

Using statistical processing of the data
obtained in the experiment, an increase
in load resistance in the operated discs by
2-3 times was demonstrated. The more
extensive the disc injury performed,
the more resistant the disc became
to stress. Even simple excision of part
of the annulus fibrosus resulted in an
increased load resistance of the disc.
When grafts were used, these values
increased even more.

[t is interesting to note that when the
annulus fibrosus was injured, the defect
was rapidly filled first with granulation
and then with scar tissue, while the
hydrated part of the nucleus pulposus
retained its structure (Figs. 4, 5).

Consequently, damage to the out-
er and structural zone of the annulus
fibrosus does not adversely change the
histological structure of the nucleus
pulposus and adjacent vertebral bod-
ies (Fig. 6).

More extensive disc injuries show
that the nucleus pulposus is replaced by
mature fibrous tissue with a predomi-
nance of fibrous elements. The bound-
ary between the nucleus pulposus and
the annulus fibrosus is not visible. Partial
injury of all zones of the annulus fibrosus
with extirpation of the nucleus pulpo-
sus results in replacement of the defect
with dense scar tissue. The integrity of
the annulus fibrosus is recovered (Fig, 7).

When the endplates are injured
along with the disc, osseocartilaginous
enlargements are formed, resulting in
an increased volume of the epiphyses of
the vertebral bodies adjacent to the disc.
A dumbbell shape develops: the interver-
tebral disc becomes smaller because of
sclerosis of the hydrated disc tissue and
fibrosis of the central part of the disc,
creating a hypomobile block between
adjacent vertebral bodies.

Therefore, damage to an interverte-
bral disc affects the mechanical proper-
ties of a given level segment.

The following findings were made in
the course of the study:

1) disruption of the structural arrange-
ment of the nucleus pulposus and reduc-
tion of intra-disc pressure during punc-
ture injury of the annulus fibrosus result
in gradual formation of fibrous tissue and
fibrosis of the nucleus pulposus;

2) when soft tissue components
of the intervertebral disc are injured,
accompanied by additional disruption
of the integrity of bone and cartilage tis-
sue of adjacent vertebrae, tissue regenera-
tion occurs with the formation of fibrous
osseocartilaginous fusion of adjacent ver-
tebral bodies;

3) the connective tissue and osseo-
cartilaginous regenerate that develops
during the process of intervertebral disc
recovery determines the strength prop-
erties of the damaged disc and the cor-
responding spinal segment; the strength
properties of the tissue regenerate of the
intervertebral disc are increasing in rela-
tion to the volume of tissue injury;

4) the implanted carbon and poly-
mer grafts in the tissues of the inter-
vertebral disc induce a weak inflamma-
tory response from the adjacent tissues,
which promotes regeneration of the
injured disc elements; fibrocellular tis-
sue and fibrous capsule are developing
around the grafts;

5) the use of grafts for partial replace-
ment of the intervertebral disc tissue
defect enhances the strength properties
of the damaged intervertebral segments;

6) microsurgeries resulting in limit-
ed damage to separated elements of the
intervertebral disc provide a mean of 2-3
times greater fusion strength of adjacent
vertebral bodies compared to intact seg-
ments due to regenerating tissues and
thereby contribute to the stabilisation of
damaged spinal segments.

Discussion

The ASC technique involves a minimally
invasive intermuscular thoracotomy
approach for thoracic, thoracolumbar, or
lumbar curves and, unlike VBT, involves
the concept of de-tethering through
anterior release, since surgeries on the
anterior longitudinal ligaments, annular
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capsule, and discs are performed. It is
possible to restore normal kyphosis
and even preserve segmental vessels
in addition to deformity correction by
segmental cord tension on the convex
side and derotation during surgery for
ASC [11]. Unlike VBT, the indications
for ASC are broader, including skeletally
mature patients with deformities
greater than 70° with less physiological
mobility of the primary curve; therefore,
the surgery is slightly more aggressive.
Meanwhile, the issue of spinal mobility
in the fixation zone after disc release
and the risk of developing autofusion
remain controversial. However, there
are isolated reports of satisfactory
functional outcome and quality of life
in a 50-year-old female patient 7 years
after ASC [17]. There are no more long-
term data published for adult patients,
which is probably associated with the
novelty of the technique. Moreover, ASC
demonstrates at least equal outcomes
in patients with a formed skeleton
compared to those with VBT. At least,
the data show a more stable outcome
and a low number of mechanical
complications in adults, which is
probably a consequence of disc surgery
[12, 13, 19] and, according to M.M.
Usmanov’s dissertation, enhances an
increased strength property of the
injured spinal motion segments.

To summarize the presented study
and extrapolate its outcomes to dynam-
ic spine correction technology, we can
conclude that partial discectomy in ASC
technique is the key to a stable long-term
outcome. When the nucleotomy is used
in different volumes, the load on the
cord, which is always the weak link in
dynamic correction, can be minimized.
In accordance with the analyzed experi-
mental study, the formation of connec-
tive tissue in the disc injury area increases
the stability of the segment with preser-
vation of its slight mobility.

The more damaged the disc is, the
greater its delayed stability; the less dam-
age, the greater its mobility.

A study of vertebral segment move-
ments on cadaveric specimens has
shown that both limited and radical
nucleotomy alter disc mechanics. These
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changes include decreased pressure,
decreased height, increased disc defor-
mation and flexibility, and increased
bulging of the annulus fibrosus [20-24].
Limited nucleotomy of a healthy disc is
marked by swelling and remodeling of
the remaining tissue, which can recover
mechanical functionality [20-25]. In con-
trast, radical nucleotomy eliminates tis-
sue redistribution, thereby leaving a cav-
ity in the centre of the disc. It has been
demonstrated that limited nucleotomy
did not change the axial stiffness of the
segment during compression [20]. Subse-
quent cyclic loading and unloading allow
the disc to restore the mechanical condi-
tion to intact values due to swelling and
redistribution of the remaining nucleus
pulposus tissue. Previous studies have
suggested that the increased disc defor-
mation under load is associated with the
amount of nucleus material removed
(20, 21], while others have shown that
a reduction in pressure without a large
amount of nucleus pulposus removed
has minimal effect on disc bulging.

Therefore, understanding the func-
tional role of intervertebral disc injury
is crucial for developing and evaluat-
ing strategies for its application in ASC,
which currently provides a pathway for
further research.

Implementing a sufficiently long
dynamic correction and using titanium
screws and elastic cord on the convex
side of the curvature, we can increase
the stability of the correction by par-
tial discectomy at all levels: fibrous tis-
sue and scarring combined with elastic
fixation with polyethylene terephthal-
ate cord provide the necessary stabili-
ty. This is the key point of the assessed
study. The use of carbon and polymeric
materials placed in the disc as indicat-
ed can both supplement correction and
enhance spinal fixation. However, this
is more related to explaining the effec-
tiveness of different options for anterior
mechanical support than to dynamic spi-
nal correction.

Therefore, the accumulation and
analysis of clinical material using ASC
technique is essential. Nevertheless, the
results of the study performed more than
30 years ago at the CITO Department

of Spine Pathology do not only reflect
biological phenomena of disc changes
under different variants of their targeted
injury but also provide an explanation
of the effectiveness of ASC technique,
contributing both to the experimen-
tal and clinical justification of its wider
implementation.

While analyzing the study of different
volumes of discectomy in experiments
as applied to the dynamic correction of
scoliosis, an important conclusion can
be made that determines the technology
of correction and its preservation in the
long term. Firstly, at this stage of cor-
rection, the discectomy provides great-

er coaptation of the vertebral bodies in
the area of the corrective maneuver. This
enhances the derotating effect of the sur-
gery. Secondly, the achieved correction is
preserved in the lack of bone block.
According to the experimental data,
even excision of the annulus fibrosus
alone results in the formation of scar tis-
sue in this area, which increases the load
resistance of the segment by 2-3 times.
The formation of fibrous tissue in the
discectomy area increases the strength of
the segment and reduces the load on the
elastic cord used to maintain correction
and mobility in the fixation area. There-
fore, by performing different volumes of

Fig. 1

Scheme of testing a spinal segment using the three-point bending technique [23]

Fig. 2
Derotating device for testing the strength of a spinal segment using the three-point
bending technique [23]
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Fig. 3
Picture of a spinal segment before (a) and after (b) the test

Fig. 4
Micrograph: mature granulation tissue filling a defect in the outer area of the annulus
fibrosus (hematoxylin-eosin)
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discectomy, we can impact elasticity and
mobility in the area of fixation. Mean-
while, the fibrous tissue supports the seg-
ment and allows the cord to perform in
more favourable conditions, preventing
it from rupturing.

Conclusion

According to the results of an experimen-
tal and morphological study in rabbits,
it has been persuasively demonstrated
that limited damage to the interverte-
bral disc elements can affect the strength
properties of the spinal motion segment.
A direct correlation between the mor-
phological condition of the disc and the
strength properties of the spine has been
shown. It was determined that changes
in the strength properties of spinal
motion segments depend on the type
and amount of regenerating tissue in
the intervertebral disc. This information
may confirm and explain the success
of nucleotomy in anterior dynamic
correction of scoliosis, thereby ensuring
stable long-term outcomes.

The study bad no sponsors. The authors declare
that they have no conflict of interest.

The study was approved by ihe local ethics
commitee of the institution.

All authors contributed significantly to the research
and preparation of the article, read and approved
the final version before publication.
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Fig. 5

Histogram: the defect of the annulus fibrosus is replaced by dense scar tissue,
the nucleus pulposus retains hydrated tissue, the internal area of the annulus fibrosus
retains vascular structure; period 1 month (hematoxylin-eosin)

Fig. 6
Micrograph: the inner area of the annulus fibrosus retains the cartilaginous layered
structure; period 14 days.

Fig. 7
Mature granulation tissue filling the defect of the outer area of the annulus fibrosus
(hematoxylin-eosin)
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