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Objective. To evaluate the long-term results of surgical treatment of patients with monosegmental stenosis of the lumbar spine after us-

ing minimally invasive and standard open techniques.

Material and Methods. The open cohort randomized prospective study included 132 patients. Long-term results were assessed in 110 pa-

tients, some patients discontinued participation in the study for natural reasons. Patients were operated on in 2009–2011 in the volume 

of minimally invasive decompression and stabilization surgery (Group 1) and decompression and stabilization surgery through conven-

tional posteromedial approach (Group 2). The following parameters were analyzed: Oswestry Disability Index and VAS pain intensity. 

Formation of an interbody block was assessed using the Tan scale, and the fatty degeneration of the paravertebral muscles – according 

to the Goutallier scale. Development or aggravation of the course of degeneration of the adjacent segment was also evaluated. Statistical 

analysis was performed using the R packages for data processing and plotting.

Results. At long-term follow-up (144 months), when assessing back pain according to VAS and ODI, a statistically significant difference 

p < 0.001 in favor of minimally invasive interventions was revealed. Both surgical methods resulted in high rates of fusion and low reoper-

ation rates. In the group of minimally invasive surgical interventions, there is a lower incidence of fatty degeneration of the paravertebral 

muscles and damage to the adjacent segment.

Conclusions. Open and minimally invasive surgical interventions have comparable long-term clinical and morphological results. Open 

surgical interventions in the long term are fraught with aggravation of fatty degeneration of the paravertebral muscles and more frequent 

development of the adjacent level syndrome. Minimally invasive techniques are an effective and safe alternative to traditional open sur-

gery and can reduce trauma, preserve the intact posterior support complex of the spine at adjacent levels, while performing adequate de-

compression and stabilization, followed by the formation of a bone block.

Key Words: spinal stenosis, minimally invasive surgery, over-the-top contralateral decompression, fatty degeneration of paravetebral 

muscles, adjacent disc syndrome.
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Due to developing technological advanc-
es and innovations a minimally inva-
sive spine surgery (MISS) is becoming 
more popular, especially in recent years 
[1–5]. The main purpose of MISS is to 
reduce approach-associated injury to 
soft tissues, the muscular-ligamentous 
apparatus  of  the spinal  mot ion 
segments, while preserving the clinical 
benefits and radiological findings 
of open techniques [4–7]. MISS is 
aimed at reducing intraoperative 
blood loss, the rate of surgical site 
infections, postoperative hematomas 
and stabilization of normal muscle 
function by preserving the innervation 
of the paravertebral muscles [8–11]. 

Other expected benefits are faster 
wound healing, reduced postoperative 
pain and analgesic consumption, a 
shorter time to full mobilization and a 
shorter length of hospital stay. An option 
for such MISS techniques is minimally 
invasive transforaminal interbody fusion, 
contralateral decompression (over-the-
top), transcutaneous transpedicular 
fixation. One of the disadvantages 
of MISS is the higher intraoperative 
irradiation due to the more frequent and 
prolonged use of fluoroscopy [12].

The objective of the study is to evalu-
ate the long-term outcomes of surgical 
treatment of patients with monoseg-
mental stenosis of the lumbar spine after 

using minimally invasive and standard 
open techniques.

Design: a randomized prospective 
cohort study.

Material and Methods

Compliance criteria
Inclusion criteria:

– syndrome of mono- or polyradicular 
compression of the spinal nerve roots 
with a possible combination with reflex 
pain syndromes, neurogenic intermittent 
claudication caused by stenosis of one 
lumbar spinal motion segment;

– instability or degenerative spondy-
lolisthesis requiring instrumental stabili-



Degenerative diseases of the spine

59

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2023;20(4):58–67 

Sh.A. Akhmetyanov et al. Long-term results of treatment of patients with monosegmental stenosis of the spinal canal 

zation at only one lumbar spinal motion 
segment.

Exclusion criteria:
– bilateral foraminal stenosis;
– polysegmental spinal canal stenosis;
– spondylolisthesis of grade II and 

higher;
– the need to correct sagittal balance;
– recurrence of pain syndrome after 

previous spinal surgery;
– severe concomitant somatic 

condition;
– age under 20 and over 75 years;
– other diseases of the spine or large 

joints of the lower extremities, including 
congenital stenosis of spinal canal, inju-
ries, tumors and inflammatory disorders 
of the lumbar spine, etc.

Patients
The above-mentioned criteria were 

met by 132 patients operated on at the 
neurosurgical clinic between 2009 and 
2011. The main indications for surgery 
were reflex and radicular pain syndromes 
that were resistant to non-surgical treat-
ment and caused by monosegmental ste-
nosis of the lumbar spine. The patients 
were divided into 2 groups by simple ran-
domization using a software application:

– Group 1 (the main group), 64 
patients underwent minimally invasive 
decompression and stabilization surgery 
for monosegmental spinal stenosis in the 
lumbosacral spine;

– Group 2 (comparison), decompres-
sion and stabilization surgeries were per-
formed in 68 patients through a conven-
tional posteromedial approach with skel-
etonization of the posterior spine.

The outcomes were assessed in the 
long term (144 months) in 110 patients: 
53 patients in Group 1 and 57 patients in 
Group 2. 22 patients discontinued partic-
ipation in the study due to natural causes.

The study was approved by the 
local Ethics Committee of Novosibirsk 
Research Institute of Traumatology and 
Orthopaedics n.a. Ya.L. Tsivyan.

Description of medical treatment
Patients in Group 1 underwent mini-

mally invasive procedures. An approach 
to the spine was done in a parasagittal 
way by blunt muscle dissection in the 
intermuscular sulcus and between the 
muscle fibers through skin incisions of 

about 3–4 cm. An interlaminar approach 
to the spinal canal was performed. The 
dural sac was completely exposed in the 
direction of the contralateral side of the 
spinal canal. The placement points of the 
pedicular screws in the angle between 
the transverse and articular processes are 
clearly visualized through this approach. 
On the opposite side, the screw fixa-
tion was performed using transcutane-
ous technology along guide pins, which 
were placed in the vertebral bodies 
under image intensifier control with a 
Jamshidi needle. Interbody fusion was 
performed using the TLIF technique 
with total foraminotomy. In Group 2, 
all decompression and stabilization 
surgeries were performed through a 
conventional posteromedian approach 
with skeletonization of the poste-
rior parts of the vertebral structures. 
Patients underwent adequate con-
ventional decompression of intraca-
nal neurovascular formations (decom-
pression laminectomy with obligatory 
removal of compressing substrates), 
transpedicular fixation and posterior 
lumbar interbody fusion (PLIF).

Data on injury rate and clinical effi-
cacy in the compared groups in the 
early postoperative period and in fol-
low-up periods up to 24 months have 
been published in previous articles and 
studies [12, 13].

Examination techniques
Patients in the study groups under-

went MRI, MSCT of the lumbar spine, 
and full-length standing spine radi-
ography with capture of the femoral 
heads in two views during the follow-
up period of 144 months. The changes 
in neurological status and pain syn-
drome were assessed according to a 
ten-point VAS scale and the changes 
in functional activity were assessed 
according to the Oswestry Disability 
Index (ODI) [14].

According to the radiological exami-
nation findings, the indicators of global 
(SVA, SSA) and local (Cobb angle of LL, 
L4–S1) sagittal balances were assessed 
[15]. The assessment of the indicators of 
the proper lordosis (LL) was calculated 
using the formula: LL = PI × 0.54 + 27.6°, 
then the proper angle L4–S1 according 

to the formula is 0.66 × LL [16]. Accord-
ing to the radiological findings the pos-
sible development of proximal (PJK) and 
distal (DJK) junctional kyphosis was also 
assessed.

According to CT findings the forma-
tion of a bone block was assessed on the 
Tan scale: the bone block was consid-
ered completed at Grade 1 and 2; and  
was bone block malformation at Grade 
3 and 4 [17]. MSCT was used to detect 
the formation of the posterior block, the 
migration and subsidence of the inter-
body cage and the integrity of the trans-
pedicular instrumentation. MRI was used 
to define the condition of adjacent seg-
ments: disc degeneration according to 
Pfirrmann [18], lumbar spinal canal ste-
nosis according to Schizas [19] and fatty 
degeneration of paravertebral muscles 
according to Goutallier [20].

Statistical analysis
Descriptive statistics for continuous 

indicators were calculated in the form 
of median [first quartile; third quartile] 
(MED [Q1; Q3]), arithmetic mean ± 
standard deviation (M ± SD) and mini-
mum-maximum (MIN-MAX) values. The 
number of patients (frequency) for each 
category was defined for categorical indi-
cators; the number of patients, frequency 
and 95 % confidence interval (95 % CI) 
of frequency were determined using the 
Wilson formula for binary indicators.

The Shapiro – Wilk test did not reveal 
normally distributed indicators. Thus, 
comparisons of continuous indicators 
between groups were performed using 
the Mann – Whitney U test. Categorical 
and binary indicators were compared 
using two-tailed Fisher’s exact test. Cor-
rection of the error of multiple testing 
when comparing categories was per-
formed by the Benjamini – Hochberg 
Method.

Statistical hypotheses were tested at a 
critical significance value of p = 0.05, i.e., 
the difference was considered statistically 
significant if p < 0.05.

Statistical calculations were per-
formed in the RStudio software (version 
2022.02.1 Build 461 – © 2009–2022 
RStudio, Inc., USA) in the R language 
(version 4.1.3 (2022-03-10), Austria, URL: 
https://www.R-project.org).
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Results

According to the main controlled param-
eters, apart from the age of patients 
(which is not an indicator defining the 
treatment outcome), there were no dif-
ferences between the patient groups; 
the mean age was 48.47 ± 10.86 years 
in Group 1 and 54.7 ± 10.64 years in 
Group 2; p = 0.002. There were 18 (34 %) 
male patients in Group 1 and 30 (53 %) 
in Group 2; p = 0.056. The dominant 
localization of injuries in patients of both 
groups was the L4–L5 level. According to 
the localization of the injury, the patient 
groups differed statistically regarding the 
level of L3–L4 (p = 0.047; Fig. 1).

A statistically significant difference 
was found (p < 0.001; Fig. 2), while 
assessing back pain according to VAS. 
It was found that the pain syndrome is 
not of a radicular origin but a reflex one, 
while assessing the lower extremity pain 
by VAS. There was no statistically signifi-
cant difference in the groups (Fig. 2).

During the comparison of functional 
activity according to the Oswestry Dis-
ability Index, a statistically significant dif-
ference (p = 0.001) was noted among the 
groups: in the group of minimally inva-
sive surgical procedures patients noted 
a significantly better quality of daily life 
(Fig. 2). 

There was no statistically significant 
difference in the number of repeated 
surgeries in the groups (p > 0.999). The 
development of PJK was recorded in 2 
(4 %) patients (95 % CI [1 %; 13 %]) in 
Group 1; in 3 (5 %) patients (95 % CI 
[2 %; 14 %]) in Group 2; p > 0.999. There 
were no cases of DJK in the groups. 
Subsidence of the interbody cage was 
observed in 7 (13 %) cases (95% CI [7 %; 
25 %]) in Group 1; in 4 (7 %; 95 % CI [3 %; 
17 %]) in Group 2; p = 0.352 (Table 1).

There was no statistically significant 
difference between the indicators of 
global and local sagittal balances in the 
groups before surgery and in the long-
term postoperative period. All patients 
did not have a local segmental imbal-
ance. The values of SVA and SSA did not 
exceed the determining value of the 
global imbalance indicator (Table 1).

According to the MSCT findings, the 
lack of a bone block according to the 
Tan scale was found in 4 patients in the 
group of open surgeries. The indicators 
of the examined patients in the group of 
minimally invasive surgical procedures 
corresponded to Grades 1 and 2 (Fig. 3). 
There is a statistically significant differ-
ence in the formation of the posterior 
block of the operated segment in favor 
of open surgeries.

This is probably associated with skele-
tonization of the spine on both sides and 
possible partial resection of the medial 
sections of the facet joints that in com-
bination with rigid fixation of the spinal 
motion segment results in the formation 
of a posterior block (Fig. 4).

In the group of open surgeries, the 
MRI findings revealed a statistically sig-
nificant difference in terms of formation 
of adjacent segment disease with a pre-
dominance of adjacent disc degenera-
tion according to Pfirrmann. There were 
no statistically significant differences 
according to the results of the assessment 
of spinal stenosis of the adjacent segment 
on the Schizas grading system (Table 2).

A statistically significant difference 
between the groups was revealed during 
the assessment of fatty degeneration of 
paravertebral muscles according to the 
Goutallier scale. The onset and progres-
sion of the course are less severe in the 
group of minimally invasive surgical pro-
cedures. The reason for this is that the 
paravertebral muscles become injured 
and ischemic from further compression 
with wound retractors when perform-
ing a median approach with skeletoniza-
tion of the spine. If the Wiltse approach 
is used, the structures of the spine are 
accessed in the intermuscular sulcus 
between the fasciculus lateralis and fas-
ciculus gracilis (Table 2).

Adverse events
During control examinations in the 

groups in the postoperative period, ear-
ly complications were identified, that 
were reversed for up to two years. With-
in the period from 24 to 144 months, 
one (1.7 %) case of pseudoarthrosis was 
recorded in the group of open surgeries, 
and the instrumentation was re-installed. 
In 3 (5.6 %) cases in the group of mini-

mally invasive surgical procedures, the 
extension of the instrumentation to the 
superjacent segment was associated with 
the development of adjacent disc disease. 
In the group of open surgeries the exten-
sion of the instrumentation was required 
in 10 (17.5 %) cases.

Discussion

The long-term clinical outcomes of sur-
gical treatment of single-level stenosis in 
patients suffering from lumbar degenera-
tive disease show that both approaches 
(minimally invasive and open) provid-
ed a significant improvement in clinical 
outcomes immediately after surgery; the 
outcomes remained significant in the 
long-term follow-up.

According to the results of our study, 
there was a statistically significant dif-
ference in back pain and quality of life 
indicators in favor of a minimally inva-
sive approach when followed up to 144 
months. Probably, it is associated with 
significant injury to the paravertebral 
muscles during skeletonization and 
impaired attachment of aponeurosis to 
spinous processes in the group of open 
surgeries, which in the long-term follow-
up results in damaging adjacent segments 
and changes in the muscular system of 
the spine. Many authors have revealed 
significant differences in the immediate 
postoperative outcomes [21–26].

In a systematic review by Li et al. [26], 
there was no significant difference in the 
postoperative indicators of VAS and ODI 
between the techniques. There were also 
no statistically significant differences in 
secondary outcomes, although the fol-
low-up period was much shorter than 
in our study.

The symptoms of adjacent disc di-
sease are more often found in the group 
of open surgeries and statistically sig-
nificantly differ in upper segment inju-
ry. Only 5 of the studies included in the 
meta-analysis contained reports of adja-
cent disc disease [27]. It is doubtful if 
there was an assessment of this disease 
in other studies or if this outcome was 
simply not mentioned. Its prevalence has 
not been reported in other systematic 
reviews.
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An adequate rate of bone block for-
mation was found in both groups. Pseu-
doarthrosis was found in 4 patients in the 
group of open surgeries, which required 
repeated surgery. The observed rate of 

bone block formation was lower than 
reported in previously published system-
atic reviews on this issue [21, 23]. Accord-
ing to Sun et al. [23], there was a 97.2 % 
incidence of bone block formation in 

the cohort of minimally invasive surgical 
procedures and a 98.5 % incidence in the 
cohort of open surgical procedures; and 
Xie et al. [21] reported a 95.9 % incidence 
of bone block formation in cases involv-
ing minimally invasive procedures and a 
97.7 % incidence in cases involving open 
surgical interventions.

Sun et al. [23] reported a large num-
ber of repeat surgeries in the MISS group 
(5.0 % vs 2.9 %), while Xie et al. [21] 
found the same rate of repeat surgeries 
using both approaches (0.4 % vs 0.5 %). 
There was no statistically significant dif-
ference in the rate of repeated surgeries 
in our study. Repeated surgical interven-
tions were associated with the forma-
tion of pseudoarthrosis and adjacent disc 
disease.

A statistically significant difference 
is observed in the assessment of fatty 
degeneration of the paravertebral mus-
cles; this difference is substantially more 
frequent in the group of open surgeries 
performed over a long period of time. 
During the assessment of the initial MRI 
findings, the degree of fatty degenera-
tion in both groups was comparable. In 
our study, the fatty degeneration of mus-
cles was evaluated on the Goutallier scale, 
which is an imaging system for the quali-
tative assessment of fatty infiltration [20, 
28]. The Goutallier classification, origi-
nally proposed for the assessment of fatty 

Fig. 1
Distribution of study group patients by lesion level

Fig. 2
Comparison of pain according to VAS and Oswestry index in study groups

L2–L3

Open (n = 57)

Groups

Minimally invasive  (n = 53)

L3–L4 L4–L5 L4–L5 L5–S1
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degeneration of the rotator cuff on CT, 
was expanded to include an MRI assess-
ment of other muscles, including back 
muscles [29–31]. Fatty degeneration of 
the multifidus muscles and a decrease 
in the transection of the lumbar muscles 
were associated with lower functional 
indicators in terms of higher data on the 
Oswestry Disability Index [31].

In addition, there is evidence of a pos-
itive correlation between the Goutallier 
scale and the percentage of fat in the 
multifidus muscle measured in a quanti-
tative way [32]. Similarly, Crawford et al. 
[33] reported a substantial or very strong 
correlation between Goutallier scores 
and mean percentage fat measured using 

the same method as in our study for MR 
images of 25 randomly selected subjects.

Moreover, the presence of fatty 
degeneration of the paravertebral mus-
cles in preoperative studies results in 
worse clinical outcomes after surgery for 
spinal canal stenosis [34].

During open surgeries, the paraver-
tebral muscles must be dissected from 
the spinous processes, which can trigger 
muscle denervation, ischemia, and pro-
gressive muscle atrophy [35–37].

Several studies have compared post-
operative degeneration of the paraver-
tebral muscles, which occurs after open 
and minimally invasive surgical interven-
tions using MRI or CT [34]. Mori et al. [38] 

evaluated muscle deterioration caused 
by open surgeries and found significant 
postoperative atrophy of the paraver-
tebral musculature at the operated and 
caudal adjacent levels. They measured 
the mean transection area and fatty infil-
tration of the muscles at the L1–S1 level 
and reported less paravertebral muscle 
degeneration after minimally invasive 
surgeries rather than open ones.

Several studies demonstrated that fat-
ty infiltration in the paravertebral mus-
cles is more pronounced in the lower 
lumbar segments in asymptomatic indi-
viduals [33, 39]. Gille et al. [40] discov-
ered that the change in the contractile 
component of the transection area of 

Table1

Indicators of sagittal balance and development of PJK and DJK in the study groups

Indicators Group 1 (n=57)

MED [Q1; Q3]

M ± SD

(MIN–MAX)

Group 2 (n=53)

MED [Q1; Q3]

M ± SD

(MIN–MAX)

Comparison of groups

before surgery after surgery before surgery after surgery before surgery after surgery

PI, degrees 56 [46; 61]

53.86 ± 11.64

(20–79)

56 [46; 61]

53.86 ± 11.64

(20–79)

52 [45; 61]

52.96 ± 10.57

(26–76)

52 [45; 61]

52.96 ± 10.57

(26–76)

0.711 0.711

PT, degrees 56 [46; 61]

53.86 ± 11.64

(20–79)

16 [12; 22]

16.88 ± 6.41

(2–38)

19 [12; 21]

18.38 ± 8.72

(-4–40)

15 [12; 19]

15.91 ± 7.16

(1–33)

0.326 0.352

SS, degrees 36 [27; 43]

34.61 ± 10.59

(5–56)

37 [31; 43]

36.12 ± 9.77

(12–55)

35 [28; 43]

35.75 ± 10.74

(18–62)

36 [29; 43]

35.79 ± 10.21

(14–65)

0.827 0.765

LL, degrees 52 [38; 60]

48.30 ± 15.83

(1–80)

52 [41; 59]

49.23 ± 13.44

(9–76)

51 [35; 56]

47.17 ± 16.32

(-7–80)

49 [40; 57]

46.58 ± 14.75

(-14–76)

0.660 0.317

L4–S1, 

degrees

27 [21; 35]

28.28 ± 10.96

(1–47)

30 [25; 38]

31.28 ± 8.51

(6–51)

32 [23; 38]

29.75 ± 11.29

(-4–56)

31 [23; 37]

29.72 ± 10.55

(-11–58)

0.405 0.445

SVA, 

degrees

28 [18; 34]

28.79 ± 14.86

(2–74)

21 [13; 32]

23.00 ± 17.26

(от -28.3 до -86.0)

21 [12; 31]

21.71 ± 10.58

(2–45)

16 [6; 24]

15.43 ± 12.38

(от -30 до -36)

0.016* 0.014*

SSA, 

degrees

122 [113; 128]

120.59 ± 8.72

(102–132)

124 [116; 129]

122.07 ± 8.72

(95–132)

122 [112; 128]

120.50 ± 8.38

(102–132)

126 [117; 130]

123.25 ± 7.86

(100–132)

0.933 0.519

PJK, n

 % [95 % CI]

3

5 [2; 14]

2

4 [1; 13]

>0.999

DJK. n

% [95 % CI]

0

0 [0; 6]

0

0 [0; 7]

>0.999

Statistically significantly different indicators. Comparison of continuous indicators was performed using the Mann – Whitney U test and binary 

indicators using the two-tailed Fisher’s exact test.
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the erector muscle mainly occurs distal 
to the operated lumbar segment. In our 
study fatty infiltration in postoperative 
muscles was also more pronounced at 
the caudal level than at the cranial level. 
This observation is probably associated 
with the fact that fatty infiltration of skel-
etal muscle usually begins in more distal 
areas of the skeleton [41].

Conclusion

Open and minimally invasive surgical 
interventions have comparable long-
term clinical and morphological out-
comes. Open surgeries in the long term 
are fraught with the aggravation of fatty 
degeneration of the paravertebral mus-
cles and more frequent development of 
the adjacent level syndrome. Minimally 
invasive techniques are an effective and 
safe alternative to conventional open 
surgery. They may reduce injury rates 
and preserve the intact posterior support 
complex of the adjacent segments by 
performing adequate decompression and 
stabilization, followed by the formation 
of the block.

The study had no sponsors. The authors declare that 

they have no conflict of interest.

The study was approved by the local ethics committee 

of the institution. All authors contributed significantly 

to the research and preparation of the article, read 

and approved the final version before publication.

Fig. 3
Bone block formation in patients in the study groups according to the Tan scale

Fig. 4
Comparison of formation of the interbody and bone blocks in patients of the study groups

Open (n = 57)

Open (n = 57)

Minimally invasive  (n = 53)

Minimally invasive  (n = 53)

Groups

Groups
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Table 2

Indicators of development of adjacent segment syndrome and fatty degeneration of the paravertebral muscles in patients of the study groups

Indicators Group 1 (n = 57), n (%) Group 2 (n = 53), n (%) Comparison of groups by two-tailed Fisher’s exact test with 

Benjamini – Hochberg method, p value

before 

surgery

after 

surgery

before 

surgery

after 

surgery

before surgery after surgery

Pfirrmann 

cranial

1: 17 (29.8)

2: 28 (49.1)

3: 12 (21.1)

1: 2 (3.5)

2: 8 (31.6)

3: 28 (49.1)

4: 9 (15.8)

1: 22 (41.5)

2: 14 (26.4)

3: 17 (32.1)

1: 14 (26.4)

2: 19 (35.8)

3: 16 (30.2)

4: 4 (7.5)

Overall comparison: 0.050*

category: p, p adjustment 

1: 0.234; 0.234

2: 0.019*; 0.056

3: 0.203; 0.234

Overall comparison: 0.003*

category: p, p adjustment 

1: <0.001*; 0.003*

2: 0.689; 0.689

3: 0.052; 0.105

4: 0.241; 0.322

Pfirrmann 

caudal

0: 18 (31.6)

1: 3 (5.3)

2: 20 (35.1)

3: 11 (19.3)

4: 4 (7.0)

5: 1 (1.8)

0: 18 (31.6)

1: 0 (0.0)

2: 7 (12.3)

3: 18 (31.6)

4: 10 (17.5)

5: 4 (7.0)

0: 12 

(22.6)

1: 5 (9.4)

2: 17 (32.1)

3: 12 (22.6)

4: 4 (7.5)

5: 3 (5.7)

0: 12 (22.6)

1: 3 (5.7)

2: 11 (20.8)

3: 17 (32.1)

4: 5 (9.4)

5: 5 (9.4)

Overall comparison: 0.741

category: p, p adjustment

0: 0.392; 0.957

1: 0.478; 0.957

2: 0.841; >0.999

3: 0.815; >0.999

4: >0.999; >0.999

5: 0.350; 0.957

Overall comparison: 0.257

category: p, p adjustment

0: 0.392; 0.588

1: 0.109; 0.588

2: 0.304; 0.588

3: >0.999; >0.999

4: 0.272; 0.588

5: 0.736; 0.883

Schizas cranial A: 50 (87.7)

B: 7 (12.3)

A: 35 (61.4)

B: 18 (31.6)

C: 4 (7.0)

A: 45 

(84.9)

B: 8 (15.1)

A: 39 (73.6)

B: 13 (24.5)

C: 1 (1.9)

Overall comparison: 0.783

category: p, p adjustment

A: 0.783; 0.783

B: 0.783; 0.783

Overall comparison: 0.253

category: p, p adjustment

A: 0.223; 0.525

B: 0.525; 0.525

C: 0.365; 0.525

Schizas caudal 0: 17 (29.8)

A: 37 (64.9)

B: 3 (5.3)

C: 0 (0.0)

0: 17 (29.8)

A: 22 (38.6)

B: 18 (31.6)

C: 0 (0.0)

0: 10 

(18.9) 

 A: 33 (62.3)

B: 9 (17.0)

C: 1 (1.9)

0: 10 (18.9)

A: 28 (52.8)

B: 12 (22.6)

C: 3 (5.7)

Overall comparison: 0.105

category: p, p adjustment

0: 0.193; 0.387

A: 0.844; 0.844

B: 0.067; 0.268

C: 0.482; 0.642

Overall comparison:  0.077

category: p, p adjustment

0: 0.193; 0.258

A: 0.180; 0.258

B: 0.392; 0.392

C: 0.109; 0.258

Goutallier 

classification 

of fatty 

degeneration

0: 29 (50.9)

1: 15 (26.3)

2: 10 (17.5)

3: 2 (3.5)

4: 1 (1.8)

0: 1 (1.8)

1: 0 (0.0)

2: 3 (5.3)

3: 19 (33.3)

4: 34 (59.6)

0: 33 

(62.3)

1: 15 (28.3)

2: 4 (7.5)

3: 1 (1.9)

4: 0 (0.0)

0: 17 (32.1)

1: 19 (35.8)

2: 10 (18.9)

3: 3 (5.7)

4: 4 (7.5)

Overall comparison: 0.417

category: p, p adjustment

0: 0.253; 0.633

1: 0.834; >0.999

2: 0.155; 0.633

3: >0.999; >0.999

4: >0.999; >0.999

Overall comparison: <0.001*

category: p, p adjustment

0: <0.001*; <0.001*

1: <0.001*; <0.001*

2: 0.038*; 0.038*

3: <0.001*; <0.001*

4: <0.001*; <0.001*

 * Statistically significantly different indicators.



Degenerative diseases of the spine

65

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2023;20(4):58–67 

Sh.A. Akhmetyanov et al. Long-term results of treatment of patients with monosegmental stenosis of the spinal canal 

1. Adogwa O, Parker SL, Bydon A, Cheng J, McGirt MJ. Comparative effectiveness 

of minimally invasive versus open transforaminal lumbar interbody fusion: 2-year 

assessment of narcotic use, return to work, disability, and quality of life. J Spinal Dis-

ord Tech. 2011;24:479–484. DOI: 10.1097/BSD.0b013e3182055cac.

2. Brodano GB, Martikos K, Lolli F, Gasbarrini A, Cioni A, Bandiera S, Di Silves-

tre M, Boriani S, Greggi T. Transforaminal lumbar interbody fusion in degenera-

tive disc disease and spondylolisthesis grade I: minimally invasive versus open surgery. 

J Spinal Disord Tech. 2015;28:559–564. DOI: 10.1097/BSD.0000000000000034.

3. Dhall SS, Wang MY, Mummaneni PV. Clinical and radiographic comparison 

of  mini-open transforaminal lumbar interbody fusion with open transforaminal 

lumbar interbody fusion in 42 patients with long-term follow-up. J Neurosurg Spine. 

2008;9:560–565. DOI: 10.3171/SPI.2008.9.08142.

4. Habib A, Smith ZA, Lawton CD, Fessler RG. Minimally invasive transforaminal 

lumbar interbody fusion: a perspective on current evidence and clinical knowledge. 

Minim Invasive Surg. 2012:2012:657342. DOI: 10.1155/2012/657342.

5. Wiltse LL, Spencer CW. New uses and refinements of the paraspinal approach to the 

lumbar spine. Spine. 1988;13:696–706. DOI: 10.1097/00007632-198806000-00019.

6. Gurr KR, McAfee PC. Cotrel-Dubousset instrumentation in adults. A preliminary report. 

Spine. 1988;13:510–520. DOI: 10.1097/00007632-198805000-00014.

7. Vasyura AS, Novikov VV, Belozerov VV, Udalova IG. Experience in the use of hybrid 

instrumentation in surgical treatment of thoracic idiopathic scoliosis with lumbar coun-

tercurve. Russian Journal of Spine Surgery (Khirurgiya Pozvonochnika). 2015;12(4):30–35. 

DOI: 10.14531/ss2015.4.30-35.

8. Fan SW, Hu ZJ, Zhao FD, Zhao X, Huang Y, Fang X. Multifidus muscle changes and clini-

cal effects of one-level posterior lumbar interbody fusion: minimally invasive procedure versus 

conventional open approach. Eur Spine J. 2010;19:316–324. DOI: 10.1007/s00586-009-1191-6.

9. Kudryavtseva IP, Safonova GD, Berdyugin KA. State of paravertebral muscles in spinal 

diseases (review). Modern Problems of Science and Education. 2015;(5)166.

10. Shnyakin PG, Botov AV, Milyokhina IE, Rudenko PG, Arkhipkin SV. The problem of 

adipose degeneration of the paraspinal muscles in patients after surgery for degenerative ste-

nosis. Genij Ortopedii. 2021;27(6):727–731. DOI:  10.18019/1028-4427-2021-27-6-727-731.

11. Byval’tsev VA, Kalinin AA. Minimally invasive dorsal decompression-stabilization surgery 

in patients with overweight and obesity. Zh Vopr Neirokhir Im N  N Burdenko. 2018;5:69–

80. DOI: 10.17116/neiro20188205169.

12. Akhmetyanov ShA. Minimally invasive decompression and stabilization methods for 

surgical treatment of monosegmental lumbar spinal stenosis: PhD thesis. Novosibirsk 

Research Institute of Traumatology and Orthopedics n.a. Ya.L. Tsivyan. Novosibirsk, 2016. 

13. Akhmetyanov ShA, Krutko AV. Results of surgical treatment of degenerative lesions of 

the lumbosacral spine. Modern Problems of Science and Education. 2015;(5):324.

14. Fairbank JC, Pynsent PB. The Oswestry Disability Index. Spine. 2000;25:2940–2952. 

DOI: 10.1097/00007632-200011150-00017.

15. Fritzell P, Hagg O, Wessberg P, Nordwall A. Chronic low back pain and fusion: 

a comparison of three surgical techniques: a prospective multicenter random-

ized study from the Swedish lumbar spine study group. Spine. 2002;27:1131–1141. 

DOI: 10.1097/00007632-200206010-00002.

16. Le Huec JC, Hasegawa K. Normative values for the spine shape parameters using 3D 

standing analysis from a database of 268 asymptomatic Caucasian and Japanese sub-

jects. Eur Spine J. 2016;25:3630–3637. DOI: 10.1007/s00586-016-4485-5.

17. Tan GH, Goss BG, Thorpe PJ, Williams RP. CT-based classification of long spinal 

allograft fusion. Eur Spine J. 2007;16:1875–1881. DOI: 10.1007/s00586-007-0376-0.

18. Pfirrmann CW, Metzdorf A, Zanetti M, Hodler J, Boos N. Magnetic resonance 

classification of lumbar intervertebral disc degeneration. Spine. 2001;26:1873–1878. 

DOI: 10.1097/00007632-200109010-00011.

19. Schizas C, Theumann N, Burn A, Tansey R, Wardlaw D, Smith FW, Kulik G. 

Qualitative grading of severity of lumbar spinal stenosis based on the morphol-

ogy of the dural sac on magnetic resonance images. Spine. 2010;35:1919–1924. 

DOI:  10.1097/BRS.0b013e3181d359bd.

20. Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty muscle degen-

eration in cuff ruptures. Pre- and postoperative evaluation by CT scan. Clin Orthop 

Relat Res. 1994;(304):78–83. DOI: 10.1097/00003086-199407000-00014.

21. Xie L, Wu WJ, Liang Y. Comparison between minimally invasive transforami-

nal lumbar interbody fusion and conventional open transforaminal lumbar inter-

body fusion: an updated meta-analysis. Chin Med J (Engl). 2016;129:1969–1986. 

DOI: 10.4103/0366-6999.187847.

22. Wong AP, Smith ZA, Stadler JA 3rd, Hu XY, Yan JZ, Li XF, Lee JH, Khoo  LT. 

Minimally invasive transforaminal lumbar interbody fusion (MI-TLIF): surgical tech-

nique, long-term 4-year prospective outcomes, and complications compared with 

an open TLIF cohort. Neurosurg Clin N Am. 2014;25:279–304. DOI: 10.1016/j.

nec.2013.12.007.

23. Sun ZJ, Li WJ, Zhao Y, Qiu GX. Comparing minimally invasive and open transfo-

raminal lumbar interbody fusion for treatment of degenerative lumbar disease: a meta-

analysis. Chin Med J (Engl). 2013;126:3962–3971.

24. Phan K, Rao PJ, Kam AC, Mobbs RJ. Minimally invasive versus open transfo-

raminal lumbar interbody fusion for treatment of degenerative lumbar disease: sys-

tematic review and meta-analysis. Eur Spine J. 2015;24:1017–1030. DOI: 10.1007/

s00586-015-3903-4.

25. Lin Y, Chen W, Chen A, Li F. Comparison between minimally invasive and open trans-

foraminal lumbar interbody fusion: a meta-analysis of clinical results and safety outcomes. 

J Neurol Surg A Cent Eur Neurosurg. 2016;77:2–10. DOI: 10.1055/s-0035-1554809. 

26. Li A, Li X, Zhong Y. Is minimally invasive superior than open transforaminal lumbar 

interbody fusion for single-level degenerative lumbar diseases: a meta-analysis. J Orthop 

Surg Res. 2018;13:241. DOI: 10.1186/s13018-018-0941-8.

27. Heemskerk JL, Akinduro OO, Clifton W, Quinones-Hinojosa A, Abode-Iya-

mah KO. Long-term clinical outcome of minimally invasive versus open single-level 

transforaminal lumbar interbody fusion for degenerative lumbar diseases: a meta-anal-

ysis. Spine J. 2021;21:2049–2065. DOI: 10.1016/j.spinee.2021.07.006.

28. Lee E, Choi JA, Oh JH, Ahn S, Hong SH, Chai JW, Kang HS. Fatty degeneration 

of the rotator cuff muscles on pre- and postoperative CT arthrography (CTA): is the 

Goutallier grading system reliable? Skeletal Radiol. 2013;42:1259–1267. DOI: 10.1007/

s00256-013-1660-1.

29. Yanik B, Keyik B, Conkbayir I. Fatty degeneration of multifidus muscle in patients 

with chronic low back pain and in asymptomatic volunteers: quantification with chem-

ical shift magnetic resonance imaging. Skeletal Radiol. 2013;42:771–778. DOI: 10.1007/

s00256-012-1545-8.

30. Engelken F, Wassilew GI, Kohlitz T, Brockhaus S, Hamm B, Perka C, Died-

erichs G. Assessment of fatty degeneration of the gluteal muscles in patients with THA 

using MRI: reliability and accuracy of the Goutallier and quartile classification systems. 

J Arthroplasty. 2014;29:149–153. DOI: 10.1016/j.arth.2013.04.045.

31. Mandelli F, Nuesch C, Zhang Y, F Halbeisen, Scharen S, Mundermann A, 

Netzer C. Assessing fatty infiltration of paraspinal muscles in patients with lumbar 

spinal stenosis: Goutallier classification and quantitative MRI measurements. Front 

Neurol. 2021;12:656487. DOI: 10.3389/fneur.2021.656487.

32. Fu CJ, Chen WC, Lu ML, Cheng CH, Niu CC. Comparison of paraspinal muscle 

degeneration and decompression effect between conventional open and minimal 

invasive approaches for posterior lumbar spine surgery. Sci Rep. 2020;10:14635. 

DOI: 10.1038/s41598-020-71515-8.

References



66
Degenerative diseases of the spine

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2023;20(4):58–67 

Sh.A. Akhmetyanov et al. Long-term results of treatment of patients with monosegmental stenosis of the spinal canal 

33. Crawford RJ, Filli L, Elliott JM, Nanz D, Fischer MA, Marcon M, Ulbrich EJ. 

Age- and level-dependence of fatty infiltration in lumbar paravertebral muscles of  healthy 

volunteers. AJNR Am J Neuroradiol. 2016;37:742–748. DOI: 10.3174/ajnr.A4596.

34. Urrutia J, Besa P, Lobos D, Andia M, Arrieta C, Uribe S. Is a single-level mea-

surement of paraspinal muscle fat infiltration and cross-sectional area representative 

of the entire lumbar spine? Skeletal Radiol. 2018;47:939–945. DOI: 10.1007/s0025 

6-018-2902-z.

35. Kawaguchi Y, Matsui H, Tsuji H. Back muscle injury after posterior lum-

bar spine surgery. A histologic and enzymatic analysis. Spine. 1996;21:941–944. 

DOI: 10.1097/00007632-199604150-00007.

36. Suwa H, Hanakita J, Ohshita N, Gotoh K, Matsuoka N, Morizane A. Postopera-

tive changes in paraspinal muscle thickness after various lumbar back surgery proce-

dures. Neurol Med Chir (Tokyo). 2000;40:151–154. DOI: 10.2176/nmc.40.151.

37. Kim DY, Lee SH, Chung SK, Lee HY. Comparison of multifidus muscle atrophy and 

trunk extension muscle strength: percutaneous versus open pedicle screw fixation. 

Spine. 2005;30:123–129. DOI: 10.1097/01.brs.0000148999.21492.53.

38. Mori E, Okada S, Ueta T, Itaru Y, Maeda T, Kawano O, Shiba K. Spinous process-

splitting open pedicle screw fusion provides favorable results in patients with low back 

discomfort and pain compared to conventional open pedicle screw fixation over 1 year 

after surgery. Eur Spine J. 2012;21:745–753. DOI: 10.1007/s00586-011-2146-2.

39. Lee SH, Park SW, Kim YB, Nam TK, Lee YS. The fatty degeneration of lumbar para-

spinal muscles on computed tomography scan according to age and disc level. Spine J. 

2017;17:81–87. DOI: 10.1016/j.spinee.2016.08.001.

40. Gille O, Jolivet E, Dousset V, Degrise C, Obeid I, Vital JM, Skalli W. Erector spi-

nae muscle changes on magnetic resonance imaging following lumbar surgery through 

a posterior approach. Spine. 2007;32:1236–1241. DOI: 10.1097/BRS.0b013e31805471fe.

41. Hamrick MW, McGee-Lawrence ME, Frechette DM. Fatty infiltration of skeletal 

muscle: mechanisms and comparisons with bone marrow adiposity. Front Endocrinol 

(Lausanne). 2016;7:69. DOI: 10.3389/fendo.2016.00069.

Address correspondence to:
Akhmetyanov Shamil Alfirovich
Novosibirsk Research Institute of Traumatology and Orthopaedics 
n.a. Ya.L. Tsivyan,
17 Frunze str., Novosibirsk, 630091, Russia,
sh.ahmetyanov@yandex.ru

Received 16.05.2023

Review completed 16.10.2023

Passed for printing 20.10.2023

Shamil Alfirovich Akhmetyanov, MD, PhD, Department of Neurosurgery No. 2, Novosibirsk Research Institute of Traumatology and Orthopaedics n.a. Ya.L. Tsivyan, 

17 Frunze str., Novosibirsk, 630091, Russia, ORCID: 0000-0003-0505-8319, sh.ahmetyanov@yandex.ru; 

Abduvoris Abduakhadovich Azizkhonov, clinical resident, Department of Neurosurgery No. 2, Novosibirsk Research Institute of Traumatology and Orthopaedics 

n.a. Ya.L. Tsivyan, 17 Frunze str., Novosibirsk, 630091, Russia, ORCID: 0009-0005-1471-3989, voris28.09.97@mail.ru;

Evgeny Andreyevich Mushkachev, junior researcher, Research Department of Neurovertebrology, Novosibirsk Research Institute of Traumatology and Orthopaedics 

n.a. Ya.L. Tsivyan, 17 Frunze str., Novosibirsk, 630091, Russia, ORCID: 0000-0003-0346-3898, mushkachevi@gmail.com;

Abdugafur Jabborovich Sanginov, MD, PhD, Department of Neurosurgery No. 2, Novosibirsk Research Institute of Traumatology and Orthopaedics n.a. Ya.L. Tsivyan, 

17 Frunze str., Novosibirsk, 630091, Russia, ORCID: 0000-0002-4744-4077, Dr.sanginov@gmail.com;

Ilya Dmitrievich Isakov, junior researcher, Research Department of Neurovertebrology, Novosibirsk Research Institute of Traumatology and Orthopaedics 

n.a. Ya.L.  Tsivyan, 17 Frunze str., Novosibirsk, 630091, Russia, ORCID: 0000-0002-9228-3241, doctorisakov@mail.ru;

Aleksey Vladimirovich Peleganchuk, MD, PhD, researcher, Research Department of Neurovertebrology, Head of the Department of Neurosurgery No. 2, Novo-

sibirsk Research Institute of Traumatology and Orthopaedics n.a. Ya.L. Tsivyan, 17 Frunze str., Novosibirsk, 630091, Russia, ORCID: 0000-0002-4588-428X,  

apeleganchuk@mail.ru.



Degenerative diseases of the spine

67

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2023;20(4):58–67 

Sh.A. Akhmetyanov et al. Long-term results of treatment of patients with monosegmental stenosis of the spinal canal 


