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Objective. To analyze the results of the use of minimally invasive technologies in the treatment of patients with degenerative deformity 

of the lumbar spine.

Material and Methods. Design: Single-center, non-randomized continuous retrospective cohort study. The level of evidence is 3b (UK Ox-

ford, version 2009). A total of 57 patients (10 men and 47 women) were operated for degenerative scoliosis of the lumbar spine using 

minimally invasive techniques. The quality of life indicators using ODI, SF-36, VAS, as well as linear and angulometric parameters of the 

spine were studied.

Results. The age of patients ranged from 37 to 81 years (62/62 [55; 67], hereinafter the data format is mean/median [1; 3rd quartile]). 

In the postoperative period, patients operated on with MIS techniques showed a statistically significant decrease in pain by 4.3/4.0 [3; 6] 

points in the lumbar spine, and by 4.3/4.0 [3; 6] points in the legs. Quality of life indicators according to ODI improved by 24/23 [19;  29], 

and the level of functional adaptation according to the SF-36 questionnaire – by 18/18 [14; 21] in terms of physical parameters and by 

18/20 [16; 23] in terms of mental parameters. The deformity angle in the frontal plane according to Cobb decreased by 12.9°/13.0° [10°; 17°], 

lumbar lordosis changed by 3.3°/2.0° [-1°; 7°], segmental angle L4–S1 – by 1.0°/0.0° [-5°; 7°], and SVA changed by -7.5/-2.0 [-29; 15] 

mm. As a result of minimally invasive surgical intervention, a good clinical result was obtained in correcting the scoliotic deformity angle 

from 17.5°/16.0° [11°; 22°] to 4.6°/4.0° [1°; 7°].

Conclusion. The study showed the effectiveness of minimally invasive surgical treatment of degenerative scoliosis of the lumbar spine with 

short-segment fixation, which allowed obtaining satisfactory clinical results in 93 % of cases with a minimum number of complications (7 %).
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Adult spinal deformity (ASD) is one of 
the most relevant manifestations of 
degenerative disc disease (DDD), which 
impacts the quality of life of patients in 
the older age group [1].

There are the two subtypes of ASD: 
de novo scoliosis (dASD) and second-
ary degenerative scoliosis, which results 
from the evolution of pediatric idio-
pathic scoliosis [2]. The term dASD (d-De 
Novo) is used to refer to patients who 
have developed deformities in the fron-
tal plane that are linked to bone matu-
ration and degenerative alterations to 
the spine [3]. In this group of individuals, 
scoliosis always coexists with spinal canal 
stenosis and is frequently accompanied 

by a global sagittal imbalance [1, 4]. Pain 
and the inability to maintain a vertical 
posture, which are brought on by spinal 
deformity and weak back muscles, are 
the clinical symptoms of sagittal imbal-
ance. The symptoms of compensated 
imbalance are more frequently caused 
by spinal canal stenosis [5, 6].

Degenerative scoliosis of the lumbar 
spine can be surgically treated using a 
variety of approaches, from isolated local 
decompression of neural structures to 
different types of fixation and correction 
options combined with direct or indirect 
decompression [7].

Numerous studies with reasonable 
performance criteria have not offered 

clear advice on both the length of fixa-
tion and the surgical approach for treat-
ing patients with dASD, which made our 
study relevant.

The objective is to analyze the results 
of the use of minimally invasive technol-
ogy (MIS LLIF TPF) in the treatment of 
patients with degenerative deformities 
of the lumbar spine.

Design: Single-center, non-random-
ized continuous retrospective cohort 
study. The level of evidence is 3b (UK 
Oxford, version 2009).

Material and Methods

Inclusion criteria: 
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– degenerative scoliosis of the lumbar 
spine with the deformity angle ≥ 10° and 
≤ 40° according to Cobb in the frontal 
plane;

– no clinical signs of global sagittal 
balance disorder, confirmed by the age-
adjusted SVA indicator;

– no grade C and D central spinal 
canal stenosis , according to Schizas;

– clinical signs such as spinal pain syn-
drome, radiculopathy, and/or a combina-
tion of the two;

– availability of full imaging studies;
– no good results from non-surgical 

comprehensive treatment for at least two 
months.

The deformity angle degree in the 
frontal plane according to Cobb of ≥ 10° 
and ≤ 40° was defined on the basis of 
the study by Chen et al. [8–10]. This is 
because more severe deformities imply 
a malfunction of the global sagittal and 
frontal balance, necessitating the applica-
tion of more aggressive techniques (oste-
otomy, open transpedicular fixation, etc.) 
to treat them. 

The study did not include patients 
with idiopathic and congenital scoliosis, 
spinal deformities associated with gen-
eral and neuromuscular diseases, coxar-
throsis, symptomatic stage II–III gonar-
throsis, or patients with previousr spinal 
surgery.

Patients
A total of 86 individuals who had 

undergone surgery were initially includ-
ed in the study; however, 29 patients had 
to be dropped because there were no 
control studies and they did not partici-
pate in the survey or questionnaire. The 
final sample consisted of 57 patients, 10 
(18 %) men and 47 (82 %) women, who 
had degenerative lumbar spine scolio-
sis without disorders of the global sagit-
tal balance and who underwent surgery 
by MIS LLIF technique (Lateral Lumbar 
Interbody Fusion) followed by short-
segment percutaneous transpedicular 
fixation. The age of the subjects (Mean/
Median presentation format) was 62/62 
[55; 67] years (from 39 to 81). The period 
of data collection was from 2014 to 2019.

Techniques
The pre- and postoperative examina-

tion routines comprise taking a patient’s 

history, general clinical examination, 
clinical and neurological examination 
with an assessment of the primary syn-
drome, neurophysiological monitoring 
and completing questionnaires. The 
observation period was from 7 to 62 
months and the value was 31/32 [14; 45].

Among the imaging modalities used 
were full-length radiography of the spine 
with the capture of the femoral heads in 
the patient’s standing position in two 
projections, and SCT and MRI of the 
lumbar spine. VAS was used to evaluate 
the severity of the pain syndrome in the 
back and lower extremities. The degree 
of functional adaptation was evaluated 
using the Oswestry questionnaire [11]. 
The Short Form-36 (SF-36) was applied 
to evaluate the quality of life [12].

Patients’ surgical treatment protocol
All patients underwent minimally 

invasive surgery (MIS) of degenerative 
scoliosis of the lumbar spine and resto-
ration of impaired spinopelvic relation-
ships according to the LLIF technique 
with indirect decompression of neural 
structures and subsequent percutaneous 
transpedicular fixation of spinal motion 
segments. During the procedure, neuro-
physiological monitoring of spontaneous 
electromyographic activity with the m. 
rectus femoris vastus lateralis (L2–L4), 
m. tibialis anterior and m. gastrocnemius 
(L5–S1) was performed from the side of 
surgical approach. Direct electrical stim-
ulation of the lumbar plexus branches 
that pass through the psoas major mus-
cle was conducted in order to visualize 
the nerves of the lumbar plexus at the 
surgical site and avoid damaging them.

Evaluation criteria
The deformity magnitude according 

to Cobb in the frontal plane was deter-
mined using X-ray data [13]. The type of 
spinal deformity was classified accord-
ing to SRS-Schwab using modifiers for 
evaluating the parameters of the sagit-
tal and frontal balance [14]: the type of 
curve in the frontal plane (T, TL, L, N); 
sagittal modifiers: PI (Pelvic incidence), 
SS (Sacral slope), PT (Pelvic tilt), and LL 
(Lumbar lordosis). 

The target values of the integrated 
indicators such as SVA (Sagittal vertical 
axis), SSA (spino-sacral angle), and PI-

LL (PI minus LL) were assessed with 
an adjustment for age [14]. In order to 
identify the LL target values, the fol-
lowing formula was used: LL = PI × 
0.54 + 27.6° [15].

The position of the vertebrae, the 
development of osteophytes and the 
existence of a bone block on the fac-
et joints or the margins of the vertebral 
bodies were identified before the surgery 
according to the SCT data. The position 
of the implants and the rigidity of the 
vertebral end plates were evaluated in 
the postoperative period [16]. The screw 
malpositions were evaluated according 
to the classification of Rao et al. [17]. A 
control SCT was conducted in early post-
operatively and during control examina-
tions to assess the position and potential 
dislocation of implants and screws.

The surgery duration, the volume of 
blood loss, and the length of hospital 
stay were considered. The complications 
requiring surgical intervention were clas-
sified according to the Dindo – Clavien 
criteria [18]. 

The formation of the bone block 
according to Tan [19] was assessed 12 
months after the treatment: the forma-
tion was observed at values of Grade 1, 2, 
and absence – at Grade 3, 4 [19].

Statistical analysis
The numerical data in the article 

reflecting the research results are shown 
in the form of the mean/median [lower; 
upper quartiles]. This is due to the nega-
tive results of tests to check the normal-
ity of the distribution for most param-
eters (Shapiro – Wilk test and histogram 
analysis). The Wilcoxon Signed Rank Test 
was used to compare dependent samples 
(data before and after the surgery).

The data were estimated using the 
density function of the basic function-
ality of the R software, Density graphs 
were used for visualization, where his-
tograms display the distribution of the 
study’s indicators.

R software version 4.0.5 was used to 
make the calculations [20].

Results

The age of patients ranged from 37 to 
81 years old (62/62 [55; 67] years). Each 
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patient in the study group suffered 
from vertebral pain syndrome scored 
6.3/6.0 [5; 8] points on the VAS. The 
majority of clinical cases also included 
radicular pain in one or both legs (89 % 
of patients had a leg/legs VAS of 5.5/5.0 
[4; 7] points). According to neuroimaging 
data, the radicular pain syndrome was 
associated with nerve root compression 
in the foramen on the concave side of 
the deformity. According to the ODI, all 
patients had a decrease of 49/46 [42; 
54]. According to the assessment of the 
functional adaptation of the SF-36 scale, 
the level of the physical component of 
the scale (PH) was 23/23 [20; 25], and 
the mental component (MH) was 23/22 
[20; 24].

When assessing the deformity type 
according to the SRS-Schwab classifica-
tion, the frontal modifier corresponded 
to type N in all cases (less than 30°).

The deformity angle in the fron-
tal plane was 17.5°/16.0° [11°; 22°]. All 
patients had a local segmental imbalance 
of the spinopelvic relationships with a 
deficiency of L4-S1, LL, and SSA. SVA val-
ues was not exceeded the global imbal-
ance indicator’s determining value in any 
of the patients.

The blood loss volume was 271/200 
[150; 350] ml; the surgery duration was 
297/270 [225; 355] min; and length of 
hospital stay was 12.7/12.0 [9; 15] days.

Changes in pain syndrome param-
eters, quality of life and spinopelvic rela-
tionships. Good clinical outcomes were 
achieved in all patients as a result of the 
treatment, as shown by a statistically sig-
nificant reduction of pain syndrome in 
the lumbar spine and radicular pain.

There were a statistically significant 
reduction in vertebral pain syndrome 
and radicular pain in the legs according 
to VAS, improvement in the ODI’s mark-
ers of life quality and the level of func-
tional adaptability measured by the SF-36 
in the postoperative period. Deformity 
angle in the frontal plane according to 
Cobb was decreased by 12.9°/13.0° [10°; 
17°], the lumbar lordosis was increased by 
3.3°/2.0° [-1°; 7°], the segmental angle L4–
S1 – by 1.0°/0.0° [-5°; 7°], and the SVA was 
changed by -7.5/-2.0 [-29; 15] mm. The 
formula “the indicator after the surgery” 

minus “the indicator before the surgery” 
was used to calculate the change in val-
ue. Table 1 displays the outcomes of the 
patients’ treatment.

During the entire follow-up period, a 
number of patients had complications, 
which were classified according to the 
Dindo – Clavien criteria (Table 2).

Discussion

Variations in techniques, the decision 
about the length of fixation and the 
possibility of indirect decompression of 
neural structures are the surgical trends 
for treating degenerative scoliosis that 
are most frequently discussed in modern 
vertebrology.

Minimally invasive procedures result 
in fewer postoperative complications 
[21]. In most studies, the spinal fusion 
was subdivided into short-segment (up 
to three levels inclusively) and extended 
(more than three levels) with an effort to 
mitigate the deformity [7, 22–24].

Short-segment fixation was described 
by Wang et al. [5] as local decompression 
followed by stabilization of the target-
ed segments, whereas extended defor-
mity stabilization was described as cor-
rection of the entire curve. In the study 
by Cho et al. [25], short-segment fusion 
was described as stabilization inside the 
deformity without stabilization of the 
transitional vertebrae of the arch; and 
extended fusion was described as any 
stabilization that ends over the cranial 
transitional vertebra.

Clinical outcomes of the correction 
of degenerative scoliosis are ambigu-
ous. Hosogane et al. [26] state that short-
segment fixation can result in a rapid 
progression of deformity. It is partial-
ly supported by Tsutsui et al. [27]. They 
maintain that postoperative vertebro-
genic pain syndrome in the lumbar spine 
in patients with dASD is related to the 
severity of the residual deformity angle 
in the frontal plane and to the imbalance 
in the sagittal plane. At the same time Lee 
et al. [28] say that the total Cobb angle 
advancement following short-segment 
stabilization of degenerative scoliosis in 
patients with dASD is comparable to the 
natural progression of the curve.

Scoliosis with short-segment fixation 
can progress, which is a major issue, par-
ticularly in patients who have edge level 
of fixation at the deformity curve apex. 
Houten et al. [29] and Cho et al. [25] 
noticed that the prevalence of degener-
ation of adjacent segments was less com-
mon in patients who underwent extend-
ed spinal fusion. According to a number 
of authors, patients with dASD can expe-
rience scoliosis progression of up to 3° a 
year after short-segment stabilization of 
degenerative scoliosis, which is compa-
rable to the curve natural progression [25, 
28, 30–32]. Moreover, the authors found 
that groups with extended and short-seg-
ment fixations in control studies did not 
experience degenerative scoliosis pro-
gression [25, 29]. Similar findings were 
obtained by Chen et al. [8], who came to 
the conclusion that patients with dASD 
≥ 30° according to Cobb should have 
extended spinal fusion with deformity 
correction. Other authors with similar 
viewpoint claims that decompression 
and short segment fixation are necessary 
when non-surgical treatment for verte-
bral pain syndrome fails and the patient 
has deformities less than 40° according 
to Cobb [31]. Have analyzed data of 382 
patients with scoliotic deformities of the 
lumbar spine, I.V. Basankin et al. [33] 
found that the most significant risk fac-
tors for proximal transitional kyphosis 
and instability of the surgical hardware 
are osteoporosis, correction of lumbar 
lordosis more than 30°, a proximal tran-
sitional angle equal to or greater than 10°, 
and displacement of the sagittal vertical 
axis anteriorly by more than 50 mm.

Extended fixation with correction of 
degenerative scoliotic deformity is rec-
ommended for patients with risk factors 
for the progression of scoliosis, the pres-
ence of laterolisthesis, pronounced rota-
tional deformity, loss of lumbar lordo-
sis, the magnitude of the scoliotic com-
ponent of deformity with a Cobb angle 
more than 40°, the presence of osteo-
phytes on the concave side of the defor-
mity, asymmetric degeneration of the 
disc, and osteoporosis [26, 29, 32, 34]. 
In addition, using short-segment MIS-
procedures is beneficial in the absence 
of these severe disorders [5].
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Simmons [31] states that aggressive  
surgical treatment is not recommended if 
the patient has a pronounced concomi-
tant somatic disorder. This is confirmed 
by Transfeldt et al. [7] when analyzing 
the data of patients who underwent 
short-segment fixation of deformity in 
comparison with extended fixation and 
correction of deformity, and who had 
a similar improvement in the quality of 
life according to ODI, while the volume 
of intraoperative blood loss was less, the 
length of hospital stay was shorter, and 
the number of complications was also 
less. In a study of 54 patients with degen-
erative spinal pathology associated with 
scoliotic deformity, S.G. Mlyavykh et al. 
[37] found that after surgery, patients 
who underwent minimally invasive pro-
cedures experienced a more pronounced 
regression of radicular pain syndrome, 
and patients who underwent open sur-
gery experienced a more pronounced 
regression of axial pain syndrome. The 
authors point out that patients who 
underwent open procedures showed 
signs of major clinical regression of back 
pain more frequently, while those who 
underwent minimally invasive proce-
dures showed signs of significant clinical 
regression of leg pain syndrome.

Our study found that the use of mini-
mally invasive techniques led to a small-
er intraoperative injury, which encour-
aged obtaining comparable values of 

key indicators of quality of life and the 
degree of deformity correction, as well 
as acknowledging minimal blood loss, 
which amounted to 271/200 [150; 350] 
ml. One patient required a revision sur-
gery to reinstall the pedicle screw due to 
its medial malposition. Another patient 
was diagnosed with adjacent segment 
disease 34 months after initial surgery 
with the development of a herniated 
intervertebral disc above the fixation 
segment at the L1–L2 level after the cor-
rection of the frontal balance by 20° (25° 
before surgery, 5° after surgery). In terms 
of clinical manifestation, the patholo-
gy, in accordance with the relevant der-
matome, was a radicular pain syndrome. 
In eight weeks, the patient underwent 
another surgery after receiving unsatis-
factory non-surgical treatment. A herni-
ated disc was removed since the patient 
did not have any back pain. After LLIF 
intervention in 2015, the local sagittal 
balance at the L2–L3–L4 levels didn’t 
change. The changes were not noticed 
neither before nor after the herniated 
disc was removed. However, an increase 
in deformity in the frontal plane of up 
to 18° was seen. When looking back at 
the circumstances, a great length of fixa-
tion at the L2–L5 vertebral levels can be 
seen as a sign of pathology at the level 
below [36].

Short-segment scoliotic deformity 
correction with minimally invasive tech-

niques results in decrease of surgical inju-
ry and significantly reduce intraopera-
tive blood loss with equivalent radiologi-
cal and clinical outcomes. Our analysis 
revealed that MIS-correction and fixation 
in the treatment of patients with dASD 
serve as substitutes in terms of reducing 
pain syndrome in the lumbar spine and 
legs, enhancing quality of life values, and 
increasing the degree of functional adap-
tation, as well as correcting the severity 
of deformity in two planes and regulariz-
ing the parameters of the sagittal profile.

The efficiency of a staged short-seg-
ment correction with minimally invasive 
treatment of degenerative scoliosis of 
lumbar spine is confirmed by positive 
postoperative clinical outcomes effec-
tive. The lumbar spine and leg pain syn-
drome statistically significantly decreased, 
the ODI and SF-36 quality of life indi-
cators improved, the degree of scoliotic 
deformity and lumbar lordosis were cor-
rected, sagittal profile parameters were 
normalized and there was significantly 
less blood loss.

Conclusion

Correction of the frontal and local sag-
ittal balance disorders using  minimally 
invasive technologies in patients with 
degenerative scoliosis of the lumbar 
spine with an angle in the frontal plane 
of ≥ 10° and ≤ 40° and without global 

Table 1

Results of treatment of patients with degenerative scoliosis of the lumbar spine

Indicators Before surgery After surgery р

VAS (back), points 6.3/6.0 [5; 8] 2.0/2.0 [1; 3] <0.001

VAS (legs), points 5.5/5.0 [4; 7] 1.2/1.0 [0; 2] <0.001

ODI        49/46 [42; 54]        25/22 [18; 32] <0.001

SF-36 (physical)       23/23 [20; 25]       41/40 [37; 44] <0.001

SF-36 (mental)       23/22 [20; 24]       41/41 [39; 44] <0.001

SS, degree                      30.5/30.0 [25; 37] 32.5/33.0 [26; 39] 0.042

PT, degree                      20.3/21.0 [15; 25] 18.8/20.0 [13; 24] 0.090

LL, degree                      45.4/46.0 [40; 52] 48.7/48.0 [43; 54] 0.003

L4–S1, degree                      31.9/30.0 [24; 40] 32.9/32.0 [28; 38] 0.404

SVA, mm                      18.5/18.0 [0; 31] 11.0/16.0 [-1; 26] 0.210

SSA, degree                 123.9/123.0 [118; 128]  126.2/125.0 [122; 130] 0.073

Cobb, degree                     17.5/16.0 [11; 22]  4.6/4.0 [1; 7] <0.001

TK, degree                     31.0/32.0 [23; 39]  32.7/32.0 [27; 39] 0.143
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sagittal imbalance enables to achieve 
excellent and good outcomes with the 
minimal number of complications, which 

is highly essential in the presence of 
concomitant somatic pathology.

Limitations of the integrity
A small patient population, a retro-

spective, non-randomized study design, 
and a short period of follow-up. This 
issue requires more in-depth investiga-
tion, including randomized trials and 
longer follow-up periods.

The authors declare that they have no conflict of 

interest. The study received state budget funding.

The study was approved by the institutions’ local 

ethics committee.

All authors contributed significantly to the research 

and preparation of the article, read and approved 

the final version before publication.

Table 2

Complications in patients according to the Dindo – Clavien classification

Grade Type of complication Number

IIIA Pharmacoresistant neuropathic pain syndrome 1

IIIB Intracanal malposition of the pedicle screw of grade III according 

to Rao (reoperation)

1

Acute embologenic thrombosis of the popliteal vein (ligation of the 

superficial femoral vein on the left)

1
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