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Introduction Incidence of adult degenerative scoliosis (ADS) among individuals over 50 years old reaches 68%. Surgical 
interventions aimed at correcting the spinal deformity in patients of the older age group are accompanied by a high risk of 
complications. The use of LLIF is associated with lower complications as compared with open anterior or posterior fusion. 
Materials and methods Seventy-one patients with ADS (13 men, 58 women) were operated at the Federal Neurosurgical 
Center. Their average age was 60.4/60 (average/median) [55;64.5] (1: 3 quartile) years. The follow-up was from 12 to 18 
months. X-ray study, SCT, MRI of the lumbar spine were used. Questionnaire surveys were conducted using the visual analog 
pain scale (VAS), Oswestry Disability Index (ODI) and the Short Form-36 (SF-36). Deformity correction was estimated in 
the frontal plane with Cobb’s method. Scoliosis was classified according to SRS-Schwab classification. Parameters of sagittal 
balance were estimated: PI (Pelvic incidence), SS (Sacral slope), PT (Pelvic tilt), LL (Lumbar lordosis). SVA, PT and PI-LL 
(PI minus LL) were defined adjusted for the age. Results Back pain according to VAS relieved from 6.1/6 [4;8] to 2.2/2 
[2;3] points (p < 0.001) and was statistically significant at 12 months after the surgery. Leg pain according to VAS decreased 
from 5.4/5 [4;8] to 2.1/2 [1;3] points (p<0.001) and was statistically significant at 12 months after the surgery. Functional 
adaptation according to ODI improved from 51.2/52.2 [38.6;64.1] to 31.8/33.3 [26.1;35.9] (p < 0.001). According to SF36, 
PH before the surgery was 25.7/24.3 [21.8;28.9] on average and at 12 months after the surgery – 38.7/38.7 [35.4;41.2] 
(p < 0.001). SF-36 MH before surgery was 27.1/26.3 [21.8;31.4] on average and 12 months later – 41.3/40.6 [36.5;43.7] 
(p < 0.001). PT before the surgery was 23.3/22° [17.5;28], 12 months later it was 17.9/17°  [15;20] (p < 0.001). PI-LL was 
11.5/10 ° [4; 17.5], 12 months later – 8.4/8 ° [5.5;11.5] (p = 0.11). Transient paresis of femur flexors on the ipsilateral side 
was observed in five (7 %) cases; transient hyposthesia on the anterior thigh surface occurred in eight (11.2 %) cases. There 
were two cases of medial malposition (0.4 %) of pedicle screws (474 screws), pseudoarthrosis at two levels (1.2 %) (Grade 
4 Bridwell) out of 166 levels performed, and seven (4.2 %) cases of damage to cortical endplates. Conclusion Restoration 
of local sagittal balance in ADS patients by short-segment fixation using LLIF technology leads to a statistically significant 
improvement in the quality of life and increases functional adaptation. Few early and late postoperative complications, less 
intraoperative blood loss and shorter hospital stay make LLIF in combination with MIS transpedicular fixation a method of 
choice in determining the surgical tactics for ADS in elderly and old age patients.
Keywords: lateral lumbar interbody fusion, sagittal balance, adult degenerative scoliosis, quality of life

RELEVANCE

Incidence of adult degenerative scoliosis (ADS) 
among individuals over 50 years old reaches 68 % and 
grows as the age advances. The main morphological 
ADS substrate is intervertebral disc degeneration 
in the lumbar spine [3]. It induces spinal column 
deformity and imbalance. These two components 
are the leading ones in the ADS vertebral syndrome. 
Thus, the most common ADS variant with a positive 
saggital imbalance is a predictor of pain and quality 
of life worsening both in natural history of the disease 
and after spondylodesis performed without spine 
profile reconstruction [4, 5, 6, 7], what determines the 
main goal of surgical management in ADS [8].

Operative interventions aimed at correcting 

the spinal deformity in patients of the old age 
are accompanied by a high risk of complications 
[9]. They develop both due to highly traumatic 
surgical intervention and to concomitant somatic 
pathologies. In this regard, the use of minimally 
invasive technologies to correct the sagittal balance 
is preferred in this group of patients.

Lumbar lateral interbody fusion (LLIF) was 
developed as a technique to correct the deformity in 
the frontal and sagittal planes, as well as to perform 
indirect decompression of spinal cord roots [10, 
11, 12] The use of LLIF is associated with fewer 
complications when compared with an open spinal 
fusion from any approach [13, 14].
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Despite this circumstance, surgical correction of 
ADS using LLIF technology has been not so widely 
used. Thus, a limited number of information sources 
are available.

To a certain extent, this fact has objective explanations:
–  First, ideological, educational or technological 

problems in assessing the sagittal balance;
–  Second, prevalence of neglected deformity with 

polysegmentary stenosis and instability;
–  Third, the cost of applying the technology for a 

fairly common nosological group.

These circumstances are particularly relevant in the 
Russian Federation. However, there is no consensus 
on the evaluation of clinical and radiological outcomes 
of ADS treatment in the available literature. This 
circumstance based on the accumulated experience 
of using the LLIF technique for ADS motivated the 
authors to conduct this study.

The aim of the study was to analyze the results of 
using the LLIF technology for treatment of patients 
with sagittal imbalance due to degenerative scoliosis 
of the lumbar spine.

MATERIAL AND METHODS

The work is based on the principle of retrospective 
monocenter continuous study.

The material of the study was treatment outcomes 
of 104 patients with degenerative scoliosis of the 
lumbar spine. Seventy one patients were monitored 
for follow-up studies (13 men and 58 women, 18 % 
and 82 %, respectively). There were 71 operations. 
Recruitment period was between 2014 and 2016. The 
study was conducted at the spinal unit of the Federal 
Center for Neurosurgery (Novosibirsk).

Criteria for inclusion into the study:
– Degenerative scoliosis of the lumbar spine with 

an angle ≥ 10° (Cobb) in the frontal plane;
– Clinical manifestations such as pain syndrome, 

radiculopathy and / or their combination;
– Lack of a positive effect of complex conservative 

therapy administered for two months prior to 
inclusion.

Patients with idiopathic scoliosis, as well as 
patients with a previous operation on the spine, were 
excluded.

The protocol of pre- and postoperative study 
included medical history, general clinical, orthopedic 
and neurological examination with an assessment of 
the leading syndrome, neurophysiological monitoring 
and interviewing. Evaluation of the results was carried 
out 12 months after surgery.

Imaging techniques were X-rays of the spine with 
the capture of femoral heads in two projections, spiral 
computed tomography (SCT) and magnetic resonance 
imaging (MRI) of the lumbar spine. To assess the 
severity of pain in the back and lower extremities, 
the Visual Analogue Scale (VAS) was used. The 
evaluation of functional adaptation was carried out 
using the Oswestry Disability Index (ODI, 1976) 

[15]. The quality of life was assessed with the Short 
Form-36 (SF-36), which focused on the physical 
health component (PH) and mental health (MH) [16].

During the surgery, patients underwent 
neurophysiological monitoring of spontaneous 
electromyographic activity in the m. rectus femoris 
vastus lateralis (L2–L4), m. tibialis anterior and m. 
gastrocnemius (L5–S1) from the side of the surgical 
access and direct electrical stimulation of spinal 
roots and lumbar plexus branches innervating the leg 
muscles within the area of surgical intervention. It 
enabled both visualization of anatomically important 
neural structures in the field of surgical intervention 
and prevention of their damage.

Measurements of the sagittal balance parameters 
were carried out using the Sagittal Balance Academy 
software (www.sagittal-balance.com).

Criteria for evaluation 
The deformity in the frontal plane was estimated 

by X-ray findings according to Cobb [17].
Deformity of the spine was classified according to 

SRS-Schwab using classification modifiers to assess 
the parameters of the sagittal and frontal balance [18]: 
the type of curve in the frontal plane (T, TL, L, N); 
sagittal modifiers PI (Pelvic incidence), SS (Sacral 
slope), PT (Pelvic tilt), LL (lumbar lordosis). The 
target value of integrated SVA (Sagittal vertical axis) 
and PI-LL (PI minus LL) was determined adjusted 
to age [18]. To determine the target LL, we used the 
formula: LL = PI x 0.5 + 28° [19].

Criteria proposed by A.A. White and M.M. Panjabi 
in 1978 were used for diagnosing instability [20].

Duration time of the surgical intervention, blood 
loss, and inpatient stay were recorded.

In the long-term period after the operation, 
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bone fusion quality was estimated on the basis of 
the K.H. Bridwell (1997) [21] and malposition of 
transpedicular screws according to the classification 
of G. Rao (2003) [22].

Hypertrophy of facet joints, marginal bony 
outgrowth, ossification of the posterior and anterior 
longitudinal ligaments was assessed with SCT, [23].

Surgical protocol All patients underwent correction 
of degenerative scoliotic deformity and restoration 
of impaired spino-pelvic relationship with the LLIF 
technique followed by transcutaneous transpedicular 

fixation of spinal units using minimally invasive 
surgery (MIS).

Statistical analysis of the data obtained Numerical 
data are presented as average/ median [lower; upper 
quartile]. Two-sided Wilcoxon test was used to 
compare the dependent samples. Correction for 
multiple comparisons was carried out with the Holm 
method. The level of statistical significance in the 
study was assumed to be 0.05. Calculations were 
carried out using software R version 3.4.3 [24].

Level of evidence: III.

RESULTS

Patiets’ age was between 37 and 82 years (60.4/60 
[55;64.5] years). In all patients, the dominant clinical 
manifestation was vertebrogenic pain syndrome. Sixty 
five (91 %) patients had a combination of vertebrogenic 
pain and radiculopathy. Thus, 89.6 % of cases 
(58 patients) had L4 radiculopathy, 10.4 % of cases 
(7 patients) manifestered signs of L3 root compression. 
Radical pain syndrome in the lower extremity was 
caused by compression of the nerve roots in the 
foraminal opening on the concave side of the deformity 
and was confirmed by neuroimaging data. 

When assessing the deformity type according to SRS-
Schwab classification, the frontal modifier corresponded 
to type N (less than 30°) in 67 (94 %) cases; in four 
(6 %) patients, the frontal modifier corresponded to 
type L. The data of the sagittal balance before the 
operation were: PI–LL = 11.5/10 [4;17.5] (-13° to 45°), 
SVA-49/38 [22.2;63.5] (from -2 mm to 187 mm), PT 
– 23.3/22 [17.5;28] (from 3° to 48°). Parameters of the 
sagittal balance are shown in Figure 1.

Fig. 1 Parameters of the sagittal balance before surgery 
(n = 71)

Patients with a PI–LL value of less than 10° are 
classified by the PI–LL modifier "0", with a value 
between 10 and 20° of the PI–LL modifier "+", and 
with a PI–LL modifier value greater than 20° "++".

Patients with SVA less than 40 mm are classified 
by SVA modifier "0", from 40 to 95 mm by SVA 
modifier "+", more than 95 mm by SVA modifier 
"++". Patients with PT less than 20° are classified by 
the PT modifier "0", between 20 and 30° "+", more 
than 30° by the PT modifier "++".

The sagittal modifier PI–LL "0" was detected in 41 
(57.7 %) patients, the PI–LL "+" modifier was found 
in 16 (22.5 %) patients, the PI–LL "++" modifier was 
detected in 14 (19.8 %) patients.

The sagittal modifier SVA "0" was defined in 39 
(55 %) patients, SVA "+" – in 21 (29.5 %) patients, 
SVA "++" – in 11 (15.5 %) patients.

The sagittal modifier PT "0" was determined in 
32 (45 %) patients, PT "+" – in 24 (34 %) patients, 
PT "++" – in 15 (21 %) patients.

Functional radiography before the operation did 
not show instability of spinal units, which was based 
on the value 2.7 / 3 [2;3] points (less than 5 points by 
A.A. White – M.M. Panjabi).

Implants were installed according to the 
LLIF method at 2 levels in 47 (66 %) patients and at 
3 levels in 24 (34 %) patients.

Blood loss was 247.9/200 [140;350] ml. The time 
of intervention was 223.5/210 [180;272.5] minutes. 
The number of inpatient days was 9.5 / 9 [8;11].

Dynamics of the sagittal balance In cases treated 
with two interbody cages by the method of LLIF, 
PI before surgery was 55.3/56° [51.5;64], LL was 
43.9/46° [37.5;53]. In the postoperative period, 
LL was 47.6/50° [42.5;54.5] (p = 0.18). In three-
level interbody fusion cases, the average PI before 
surgery was 56.6/55° [52.8;60.5], the average LL 
was 44.3/49° [38.5;51.5]. In the postoperative period, 
LL reached 47.2/ 48.5° [41;53.5] (p = 0.31).
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The mean value of the Cobb’s angle of scoliotic 
deformity before surgery was 19.5/18° [14;23], it 
decreased to 7.5 / 7° [5;11], (p < 0.001) at follow-up.

At 12-month follow-up, no cases of correction 
loss in the frontal and sagittal planes were revealed. 
PT before surgery was 23.3/22° [17.5;28] and at 
a follow-up inspection it was 17.9/17° [15;20] 
(p < 0.001). PI–LL was 11.5/10° [4;17.5], 12 months 
later it was 8.4/8° [5.5;11.5] (p = 0.11). Analysis 
of the questionnaire data showed a statistically 
significant reduction in pain in the back (VAS) at 12 
months after surgery from 6.1/6 [4;8] to 2.2/2 [2;3] 
points (p < 0.001). Also in this period, there was a 
decrease in pain in the leg according to VAS from 
5.4/5 [4;8] to 2.1/2 [1;3] points (p < 0.001) and an 
improvement in functional adaptation from 51.2/52.2 
[38.6;64.1] to 31.8 / 33.3 [26.1;35.9] (p < 0.001) 
according to ODI. According to the SF–36 quality of 
life questionnaire, PH before surgery was on average 
25.7/24.3 [21.8;28.9] points, and 12 months after 
the operation it improved to 38.7/38.7 [35.4;41.2] 
(p < 0.001). Quality of life measures for SF–36: MH 
before surgery were 27.1/26.3 [21.8;31.4] points, 
12 months after the surgery it also improved to 41.3 
/40.6 [36.5;43.7] (p < 0.001).

Integral results of treatment are given in Table 1.
In 44 (62 %) out of 71 patients, the local sagittal 

balance was disturbed according to the modifiers PT 
and PI–LL, while SVA did not exceed 50 mm and 
was 21.7/25 [0;35.2]. In 38 % of patients (27 cases), 
we detected disorders of both local and global sagittal 
balance with SVA deviation up to 187 mm (SVA value 
was 93.7/88 [61.2, 111.8] mm). As a result of the 
surgical treatment aimed at correcting spino-pelvic 
alignment, an improvement in the index of the local 
sagittal balance such as PT (p < 0.001) was noted. 
In patients with a disturbed global sagittal balance, 

there was a statistically significant decrease in SVA to 
24.2/25 [14;37] mm (p < 0.001).

Complications We divided all the complications 
into neurological, related to instrumentation, and 
general. In the early postoperative period, five (7 %) 
patients experienced transient weakness of femur 
flexors on the ipsilateral side, which was caused by 
direct traumatization of the major psoas muscle. In 
8 (11.2 %) patients, there was a decrease in pain and 
temperature sensitivity along the frontal surface of the 
thigh on the ipsilateral side of the surgery, which was 
caused by the irritated nervus genitofemoralis and 
nervus cutaneus femoris lateralis. In 7 (9.8 %) cases, 
these symptoms regressed within 6 months after the 
operation. Hypoesthesia had a persistent character in 
one (1.4 %) patient.

Of 474 implanted transpedicular screws, 
two (0.4 %) cases of medial malposition (grade 
1 according to Rao) were detected in the early 
postoperative period according to the SCT. Lack 
of clinical symptoms in these cases did not require 
additional surgical interventions. In 7 (4.2 %) cases, 
according to SCT, damage to cortical endplates was 
revealed. At follow-up, pseudoarthrosis was verified 
at 2 (1.2 %) levels of interbody fusion with LLIF from 
166 performed (Grade 4, Bridwell), which required a 
revision intervention.

General complications were two hematomas 
(2.8 %) of the surgical area which did not require re-
intervention. Two patients developed paresis of the 
muscles of the anterior abdominal wall from the access 
side, which was 2.8 %, due to traction damage to the 
nervus iliohypogastricus during the access procedure. 
These patients wore a bandage and had dynamic 
observation in the postoperative period. Thus, the total 
number of complications was 29.6 %, of which 5.4 % 
were persistent or required repeated operations.

Table 1
Dynamics of parameters before surgery and after 12 months with levels of statistical significance obtained after using 

the test (p) and corrected with Holm (pcorr) 
Parameter Before surgery After surgery p pcorr

VAS back 6.1/6 [4;8] 2.2/2 [2;3] < 0.001 < 0.001
VAS leg 5.4/5 [4;8] 2.1/2 [1;3] < 0.001 < 0.001
PT 23.3/22 [17.5;28]° 17.9/17 [15;20]° < 0.001 < 0.001
PI–LL 11.5/10 [4;17.5]° 8.4/8 [5.5;11.5]° 0.1057 0.1057
Cobb’s angle 19.5/18 [14;23]° 7.5/7 [5;11]° < 0.001 < 0.001
ODI 51.2/52.2 [38.6;64.1] 31.8/33.3 [26.1;35.9] < 0.001 < 0.001
SF–36, PH 25.7/24.3 [21.8;28.9] 38.7/38.7 [35.4;41.2] < 0.001 < 0.001
SF–36, MH 27.1/26.3 [21.8;31.4] 41.3/40.6 [36.5;43.7] < 0.001 < 0.001
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DISCUSSION

The main goal of surgical treatment in ADS is to 
restore the disturbed balance of the spine in the sagittal 
and frontal planes to improve the quality of life, increase 
functional adaptation and reduce pain [25, 26]. The 
use of standard open methods of surgical correction of 
degenerative deformities in adults is associated with 
osteotomy, extended fixation of spinal segments, high 
blood loss, long inpatient stay, infectious complications, 
failure of fixation, PJK (proximal junctional kyphosis), 
DJK (distal junctional kyphosis) that may result in poor 
outcomes [27, 28]. Recently, a minimally invasive 
surgery has been used in combination with a short-
segment fixation of the spine in a number of cases in 
such patients. Clinical and radiological outcomes of 
minimally invasive and open surgery have similar 
results, but the analysis of the works shows the non-
systematic nature of their assessment.

Clinical outcomes depending on balance 
parameters According to some authors, the target 
parameters of spino-pelvic alignment, which should 
be sought in the treatment of patients with ADS 
are SVA, PT, PI-LL and Cobb’s angle in the frontal 
plane [29, 30, 31]. The team of authors, led by Frank 
Schwab, determined that by deformity correction in 
the sagittal plane, it is necessary to be oriented by 
SVA < 50 mm, PT < 20° adjusted for age. To improve 
the quality of life in the postoperative period, PI-LL 
≤ 10° was recommended to achieve in these patients, 
which significantly improves the quality of life [32].

However, the works of European scientists, such 
as J.C. Le Huec, C. Lamartina and P. Roussouly, 
found that the key to improving the quality of life 
in patients with ADS is the recovery of segmental 
lumbar lordosis. To assess the global sagittal 
balance, in their opinion, SSA (Spino sacral angle) 
is preferable to SVA [33]. This is due to the fact that 
compensation mechanisms, pelvic incidence, pelvic 
tilt flexion in the hip and knee joints are not taken 
into account. In order to ensure a normal SSA of 134 
± 8°, they recommend the restoration of the local 
sagittal balance of the lumbar spine and, first of all, 
of the lower lumbar spinal segments L4-S1, which 
together make up almost 70 %. The calculation of LL 
should be based on PI and calculated by the formula: 
LL = PI x 0.5 + 28°.

The study of Lafage et al. analyzed the treatment 
results of 125 patients with degenerative scoliosis, 

operated by minimally invasive procedures. All 
patients were divided into 4 groups: group 1 – low 
PT (< 25°), low SVA (< 50 mm); group 2 – high PT 
(> 25°), low SVA (< 50 mm); group 3 – low PT (< 
25°), high SVA (> 50 mm); group 4 – high PT (> 
25°), high SVA (> 50 mm). They found that in the 
group of patients with high SVA (> 50 mm) and low 
PT (< 25°), the worst ODI values were observed [34], 
which correlates with the data of F. Schwab.

According to Takemoto et al, loss of mobility 
occurs at the operated levels in the postoperative 
period due to the development of spondylodesis, 
which can lead to a global sagittal imbalance due to 
limited compensatory ability to maintain a balanced 
posture while standing. The authors analyzed the 
treatment results of 204 patients operated on for 
degenerative scoliosis and found that there was a 
significant decrease in the quality of life in patients 
with sagittal imbalance and low PT (< 20°) in the 
postoperative period. Thus, the absence of pelvic 
compensatory mechanisms, underestimation of the 
parameters of both local and global sagittal balance 
can lead to impairment in the quality of life and 
functional adaptation after ADS surgery [35].

Zhang et al. retrospectively analyzed treatment 
results of 44 patients with adult degenerative 
scoliosis. All operations were performed with a 
standard posterior open method with instrumentation 
and correction of scoliotic deformity. The recovery 
of the sagittal PI-LL modifier led to an improvement 
in the quality of life according to the ODI score [36].

In 2017, Sun et al. published a retrospective 
analysis of the treatment results of 74 patients with 
ADS operated on with standard posterior open access. 
All patients were divided into three groups. Group A – 
with PI-LL < 10 °, group B - 10 ° ≤ PI-LL ≤ 20 °, group 
C – PI-LL> 20 °. In group A, after the operation, ODI 
was 26.6 ± 4.1 at follow-up, in group B ODI was 
18.4 ± 5.8, in group C in the postoperative period the 
ODI was 33.0 ± 5.0 (P < 0.001 ) [37]. It shows that 
when the sagittal modifier PI–LL was restored within 
the range of 10°–20°; the quality of life improved 
significantly.

Kotwal et al. retrospectively analyzed the treatment 
results of 118 patients with spinal deformities operated 
with the LLIF method. According to this study, 
pain estimated by VAS decreased from 8.7 ± 1.3 to 
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4.1 ± 2.8 in the postoperative period; the quality of 
life according to ODI improved from 30 ± 10.1 to 
17.1 ± 12.8; estimation of functional adaptation by SF-
12: PH also improved from 27.0 ± 1.3 to 38.1 ± 15.0, 
MH from 43.0 ± 11.4 to 42.4 ± 11.9 (P < 0, 01) [38].

Lee et al. retrospectively analyzed treatment results 
of 168 patients who had short-segment fixation of the 
lumbar spine. Fifty-six patients with abnormal sagittal 
balance were operated according to the LLIF technique 
while 56 patients with normal sagittal balance (SB) 
and 56 patients with imbalance (SI) in the sagittal 
plane were operated with standard posterior approach. 
In the postoperative period, the ODI quality of life 
and the pain score by VAS were improved statistically 
significant in the LLIF group when compared to the SI 
group (p = 0.003, 0.016) [39].

Studies of Anand et al. [40] and Diaz et al. [41] 
reported comparable treatment results in patients who 
underwent minimally invasive surgery using LLIF 
technology and concluded that segmental lordosis 
correction with LLIF method significantly improves 
quality of life and relieves pain in patients with ADS.

Konovalov et al. in their study reported a 
statistically significant reduction in pain by VAS score 
in patients operated according to the LLIF method in 
the lumbar spine from 8.06 ± 1.87 to 1.4 ± 1.51 and in 
the legs from 6.14 ± 2, 32 to 0.66 ± 0.41 [42].

Our study showed that positive dynamics was also 
statistically significant for pain relief in the lumbar 
spine (p < 0.001) and legs (p < 0.001) as well as for 
improvement in the quality of life and functional 
adaptation.

Clinical outcomes depending on the correction of 
deformity Since the ADS surgery involves correction 
in the sagittal and frontal planes, it makes sense to 
evaluate correction obtained with various surgical 
approaches.

Simon et al. retrospectively analyzed the treatment 
results of 47 patients with degenerative scoliosis 
of the thoracic and lumbar spine. All patients were 
operated with standard posterior open procedures. 
Before surgery, the average lumbar arch was 27.3° 
and the thoracic arch was 40.2°. In the postoperative 
period, the mean value of the lumbar arch was 14.3°, 
and the thoracic arch was 24.3 ° [43].

In his study, J.S. Smith et al. reported that 
before the operation the magnitude of scoliotic 
deformity was from 43° to 54° (p = 0.002), SVA 

was 12 cm to 1.7 cm (p < 0.001), PI-LL was 26° 
to 20° (p = 0.013). at a follow-up after a year, SVA 
was from -1.1 cm to +4.8 cm (p ≤ 0.009), PI-LL 
from 6° to 5° (p < 0.001) [44].

Zhang et al. in their study reported a statistically 
significant decrease in the Cobb’s angle from 
20.6 ± 3.4° to 4.4 ± 1.4° (p < 0.004) and PI-LL 
from 36.6 ± 4.6° to 18.4 ± 2.9° (P < 0.001) in the 
postoperative period [36]. Sun et al. in their study 
reported that the PI-LL index decreased significantly 
in all groups from 36.0 ± 4.4° to 16.6 ± 8.7° (p < 0.05). 
The Cobb’s angle also decreased after surgery from 
20.3 ± 2.8° to 4.2 ± 1.8° [37].

Thus, Barone et al. retrospectively analyzed 
treatment results of 65 patients operated according 
to the LLIF method with the installation of lordized 
intebody implants to 10° and 20°. Studying the 
dynamics of the segmental angle parameters Cobb’s 
angle, LL, SVA < PT, PI-LL, the authors demonstrated 
that the use of lordized interbody implants results in 
an increase in segmental and local lordosis of the 
lumbar spine and, as a consequence, on restoration of 
the global sagittal balance of the body [45] .

In their study, Tormenti et al. also proved that the 
use of the LLIF technique leads to correction of the 
spinal deformity in both the frontal and sagittal planes 
with a decrease in the Cobb angle from 38.5° (18° to 
80°) to 10° (p < 0.0001) and significant increase in 
LL by 11.5 % (p = 0.01) [46].

Kotwal et al. reported that scoliotic deformity 
according to Cobb decreased from 24.8 ± 9.8° to 
13.6 ± 10.3° (p < 0.01) in the postoperative period [38].

In the work mentioned above, Lee and colleagues 
analyzed the parameters of SVA and PI-LL in three 
groups of patients (SB, SI, LLIF) one year after the 
operation, showing a statistically significant decrease 
in SVA only in the LLIF-treated group to 31.7 ± 17.2 
(p = 0.000). Also in the LLIF group, the PI-LL 
index decreased from 29.6 ± 19.3° to 15.9 ± 14.8° 
(p = 0.012) [39].

According to our data, PT before surgery was 
23.3/22° [17.5;28]; at follow-up, PT decreased 
significantly to 17.9/17° [15;20] (p < 0.001). We also 
achieved a decrease in such a parameter as PI-LL and 
an increase in the local lumbar lordosis. The lack of 
statistical significance of the differences obtained 
by LL and PI-LL is related, in our opinion, to large 
heterogeneity of the group with regard to PI since LL 
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and its dependent value PI-LL are determined by 
PI. The angle of scoliotic deformity by Cobb in 
the postoperative period decreased significantly 
(p < 0.001). At follow-up study after 12 months, no 
correction loss was found.

Thus, the analysis of available literature data and 
of the results of our study suggests that deformity 
correction by standard open posterior approach 
and LLIF correction in combination with MIS TPF 
provides similar results for LL, PT, PI-LL and Cobb’s 
angle.

Clinical outcomes depending on surgical tactics 
The choice of surgical tactics in ADS patients, 
especially in the older age group, should constitute a 
reasonable compromise between the scope of surgical 
intervention and the associated operational risks. This 
is due to high rates of comorbidity, osteoporosis, 
and excessive body weight. Consequently, the use 
of minimally invasive surgical techniques in these 
patients will reduce the amount of blood loss, the 
number of complications and inpatient stay.

It was shown in a large number of clinical trials that 
it is recommended to use various variants of osteotomy 
with standard surgical techniques for correcting 
degenerative scoliotic deformities of the spine that are 
associated with large surgical aggression, high blood 
loss, a significant number of complications, both 
during surgery and in the postoperative period, long 
stay in the hospital, a long recovery and rehabilitation 
periods [44, 47]. Thus, Simon et al. reported that the 
average operation time was 284.5 ± 30.2 minutes, 
blood loss of 1040.5 ± 1207.6 ml, stay in the 
hospital was 14.5 ± 1.9 days [43]. Sun et al. in their 
study reported that the average operation time was 
237.8 ± 39.7 minutes, blood loss was 1017.2 ± 813.3 
ml, inpatient stay was 14.5 ± 1.3 days [37]. Kim et 
al., after analyzing a group of patients operated with 
standard open posterior access, showed that the mean 
operation time was 268 ± 82 min, the average blood 
loss was 4392 ± 3576 ml [47].

The use of LLIF technology in the surgical treatment 
of ADS is accompanied by a much smaller amount 
of intraoperative blood loss. Anand et al. reported 
that the volume of hemorrhage by lateral approach 
was 241 ml [40]. In her thesis, M.A. Martynova 
determined that the average volume of blood loss 
in patients operated with LLIF was 163.9 ± 50 ml 
[48]. Kotwal et al. in their study showed that in 16 

patients who had interbody fusion only with LLIF, 
the average operation time was 184 minutes (88-
256 minutes) and blood loss was 200 ml. In 112 cases, 
when interbody fusion was combined with posterior 
fixation, the average operation time was 324 minutes 
(75-690 minutes), the average blood loss was 537 ml, 
the average stay in the hospital was 7.7 days (2-22 
days) [38].

In our study, the average volume of blood loss 
was 247.9/200 [140;350] ml. The time of operative 
intervention was 223.5 / 210 [180;272.5] minutes. 
The inpatient stay was 9.5 / 9 [8;11] days.

Clinical outcomes depending on the detected 
complications In 2011, Charosky et al. retrospectively 
analyzed the medical records of 306 patients with 
ADS. All operations were performed by standard 
open posterior approach. The overall incidence 
of complications was 13.7 %. Early infection was 
detected in 4 % (12) patients and late infection in 
1.2 % of cases; neurologic complications accounted 
for 7 %. Risk factors for the development of 
complications were: the number of instrumented 
segments (p ≤ 0.01), osteotomy PSO (p = 0.01) and 
PT more than 26 ° before surgery (p ≤ 0.05) [49].

The group of authors (Smith et al.) analyzed 
treatment results of 578 patients in who 402 
osteotomies were performed. PSO (Pedicle subtraction 
osteotomy) was used in 215 cases. SPO (Smith-
Petersen osteotomy) was performed in 135 cases, VCR 
(vertebral column resection) in 18 cases. The total 
number of complications was 29.4 % (130 patients). 
The most common complication was damage to dura 
mater (5.9 %). Infectious complications were 3.8 %; 
neurological deficit was detected in 3.8 % [44]. Similar 
data in the analysis of three-column osteotomies made 
from dorsal access were presented by Kim et al. Thus, 
seven (8.6 %) patients were diagnosed with dura 
mater lesions; deep infection happened in four (4.9 %) 
patients, and permanent neurologic deficiency was 
detected in one (1.2 %) patient [47].

A group of authors led by Daubs revealed an 
incidence of general complications which was 37 %. 
Of these, 20 % were major complications, such 
as neurological deficit in four cases; deep wound 
infection in two, pulmonary embolism in one case, 
pneumonia in one case, myocardial infarction in 
one case. Intraoperative complications occurred in 
11 patients: damage to dura mater in four cases, iliac 
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vein rupture in five cases, one case of symptomatic 
medial malposition, and one case of nerve root 
damage [50].

The concept of minimally invasive surgery is 
as follows by using the LLIF technique for adult 
deformity: less skin and soft tissue trauma, less bone 
defect, no contact with dura mater, reduction of soft 
tissue retractor lesions significantly reduces infectious 
wound complications, blood loss and inpatient stays. 
The interbody implant has a large contact area in 
comparison with other implants and rests on the 
marginal dense part of the endplate, thereby creating a 
greater support for the anterior support column while 
maintaining the middle and posterior supporting 
complex of the spine. Lateral interbody fusion 
does not require resection of bone structures, while 
indirect decompression is performed without opening 
the spinal canal, the height of the interbody gap and 
the size of the intervertebral openings are restored. 
With LLIF technology, the anterior and posterior 
longitudinal ligaments remain preserved, which 
prevents the migration of the interbody implant and 
increases the dynamic stability due to ligamentotaxis. 
However, the application of this technique has its 
specific complications: weakness of the muscles 
of the femur flexors and a decrease in sensitivity, 
paresthesia along the anterolateral surface of the thigh 
in the postoperative period on the ipsilateral side.

Tohmeh et al. analyzed the treatment results of 
102 patients operated on for degenerative diseases of 
the lumbar spine according to the LLIF technique. In 
the postoperative period, the weakness of the muscles 
of the femur flexors was observed in 28 patients 
(27.5 %). Eighteen (17.6 %) patients had a decrease 
in sensitivity on the anterior surface of the thigh due 
to irritation of the nervus genitofemoralis and nervus 
cutaneus femoris lateralis. However, sensory and 

motor complications completely regressed within 6 
months after surgery [51].

Pumberger et al. retrospectively analyzed the 
treatment results of 235 patients operated according 
to the LLIF method. The authors reported that the 
sensory deficit was 28.7 % (n = 70) at six weeks after 
the operation, after 12 weeks 13.1 % (n = 32), after 
6 months 5.7 % (n = 14) and 1. 6 % (n = 4) 12 months 
after the operation. Pain on the anterior surface of 
the thigh was observed in 41 % (n = 101) patients at 
6 weeks after the operation; after 12 weeks in 16 % 
(n = 39) of patients, after 6 months in 3.7 % (n = 9) 
and in 0.8 % (n = 2) after 12 months. The weakness 
of the muscles of the femur flexors six weeks after the 
operation was 13.1 % (n = 32), after 12 weeks 3.7 % 
(n = 9), after 6 months 2.9 % (n = 7) and 12 months 
after the residual muscle weakness of flexor muscles 
was 1.6 % (n = 4) [14]. Similar data were obtained 
by Kotwal et al. In the postoperative period, 43 
(36 %) patients had pain on the anterior surface of 
the thigh, weakness of the femur flexors was noted in 
20 cases, numbness in the anterior thigh was revealed 
in 13 patients [38]. According to the authors, the 
weakness of the muscles of the femur flexors is due to 
the direct trauma to the psoas muscle during access to 
the lateral spine and traction during operation, rather 
than trauma to the lumbar plexus.

According to our data, five (7 %) patients 
developed transient weakness of femur flexors. 
Eight (11.2 %) showed a decrease in the sensitivity 
to pain and temperature on the anterior surface of 
the thigh. The total number of complications was 
29.6 %, of which 5.4 % were persistent or requiring 
repeated operations. The standard use of LLIF 
technology enables to completely exclude contact 
with dura mater so its damage during the surgery is 
not possible.

CONCLUSIONS

1. The use of LLIF in patients with ADS with an 
curve type N (≤ 30°) according to Schwab provides 
adequate surgical correction of the deformity of the 
spine both in the sagittal and frontal planes.

2. Restoration of the disturbed local sagittal 
balance in these patients by short-segmental fixation 
using LLIF technology results in a statistically 

significant improvement in the quality of life and in 
functional adaptation of patients.

3. A significantly lower number of early and late 
postoperative complications, less intraoperative bleeding 
and shorter hospital stay make LLIF in combination 
with MIS TPF a method of choice in surgical treatment 
tactics in elderly and old patients with ADS.
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