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Objective. To analyze immediate and long-term results of percutaneous endoscopic and microsurgical discectomy.

Material and Methods. A prospective cohort study in two groups of patients was conducted in 2015–2018. The observation period was 

6–42 months. Group 1 included 110 patients who underwent percutaneous endoscopic lumbar discectomy, and Group 2 – 331 patients 

who underwent microdiscectomy. Efficiency was assessed using NRS-11, ODI, SF-36, and MacNab questionnaires.

Results.  The operating time, bed day number, and disability period were shorter in Group 1 (p < 0.001). The average effective dose of 

radiation exposure to the patient was 4.4 mSv in transforaminal endoscopy, and 0.8 mSv in interlaminar and microsurgical discectomy. 

There were no significant intergroup differences in frequency and types of complications and reoperations. The portion of symptomatic 

hernia recurrence in Group 1 was 10 %, in Group 2 – 4.8 %. Significant differences in neurological outcomes and quality of life were not 

revealed. Good and excellent outcomes according to MacNab criteria were noted in 78.2 % and 84.9 %, in Groups 1 and 2, respectively.

Conclusion. The percutaneous endoscopic discectomy allows reducing hospital stay length and disability period, while having clinical ef-

ficacy equal to that of other disectomy methods. A statistically insignificant increase in the risk of hernia recurrence after percutaneous 

endoscopic discectomy was noted.
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Introduction of minimally invasive 
techniques, one of which is percutaneous 
endoscopy, has become a priority in 
surgical treatment of degenerative spine 
diseases at the beginning of the XXI 
century. This surgical procedure was 
developed by famous surgeons Hijikata 
and Kambin, who performed needle 
nucleotomy of lumbar discs through a 
posterolateral approach as early as the 
1970s [1, 2]. Later, in the 1980s, Schreiber 
and Suezawa, independently each other, 
performed indirect decompression of the 
neural structures by means of endoscopic 
nucleotomy through a modif ied 
arthroscope [3, 4].

At the turn of the XXth and XXIst 
centuries, the introduction of multi-
channel endoscopes and special tools 
for bone resection enabled transfo-
raminal and interlaminar endoscopic 
approaches to the spinal canal struc-
tures for direct decompression of the 

neural structures, like in microsurgery 
using a microscope. This stage of trans-
formation of arthroscopic spinal surgery 
into neuroendoscopic surgery is associ-
ated with studies by Ruetten, Schubert, 
Hoogland, Yeung, Iprenburg, and many 
other researchers [5–8].

Today, percutaneous endoscopy is 
not inferior to standard microdiscecto-
my in terms of surgical accessibility of 
herniated discs [9, 10]. Despite popu-
larity of the technique, it is still unclear 
whether percutaneous endoscopic lum-
bar discectomy (PELD) will become a 
new standard for surgical treatment of 
discogenic lumboischialgia and replace 
microsurgical lumbar discectomy (MLD) 
and microendoscopic discectomy, which 
are more invasive techniques. The final 
answer to this question may be obtained 
in randomized controlled trials of clini-
cal efficacy, which evaluate all intracanal 
endoscopic approaches and techniques. 

However, we found only 5 prospec-
tive studies comparing the efficacy of 
only transforaminal intracanal PELD 
with that of MLD and/or microendos-
copy [11–15]. The transforaminal PELD 
technique does not provide all oppor-
tunities upon lumbar discectomy, in 
particular when suprasacral disc her-
niation is combined with a high iliac 
crest, sequestra are located in a blind 
area, etc. [10, 16]. Therefore, this trans-
foraminal PELD technique cannot be 
equivalent to microdiscectomy. 

Ruetten et al. [16] studied both pos-
terior interlaminar and lateral transfo-
raminal approaches in PELD. Of course, 
the results of their study are valuable 
for an objective analysis of the efficacy 
of the considered techniques. But the 
only study is not enough to definitively 
evaluate the advantages of PELD and 
MLD. Over the past 10 years since the 
publication of that study, the capabil-
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ities of percutaneous endoscopy have 
increased significantly.

The purpose of the study is to analyze 
the efficacy of intracanal techniques of 
PELD and MLD.

Material and Methods

The cohort consisted of 441 patients. The 
mean age of patients was 45.2 (19–85) 
years. Males and females accounted for 
59 % and 41 %, respectively. All removals 
of primary disc herniation using PELD 
and MLD were performed in 2015–2018.

The criteria for inclusion of patients 
in the study were as follows: pain intrac-
table for four weeks or development of a 
neurological deficit due to compression 
of the nerve structures by a single herni-
ated disc at the L1–L2 to L5–S1 levels 
confirmed by MRI or CT findings.

The exclusion criteria were as follows: 
multilevel symptomatic disc herniation, 
recurrent disc herniation, spinal canal 
stenosis, spondylolisthesis, instability, spi-
nal deformity, previous lumbar spine sur-
gery, inflammatory diseases, and severe 
concomitant somatic pathology.

The patients were divided into 
two groups: Group 1 consisted of 110 
patients after PELD, and Group 2 includ-
ed 331 patients after MLD. The surgical 
effect was assessed based on changes in 
the neurological status, pain intensity, 
and quality of life, which were measured 
using conventional assessment tools 
(NRS-11, ODI, SF-36, MacNab). Postop-
erative follow-up examinations were 
performed at the 7th day and 6th, 12th, 
and 24th month. The follow-up period 
amounted to 42 months. For statistical 
data processing, we used the IBM SPSS 
Statistics Version 23 and R Version 3.5.0 
software. Statistical hypotheses were 
tested using non-parametric criteria and 
analysis methods. Results were consid-
ered statistically significant at p < 0.05. 
All patients included in the study gave 
written voluntary informed consent. The 
study was performed in accordance with 
requirements of the Helsinki Declaration 
of the World Medical Association (2013).

Surgical technique. MLD was per-
formed through a posterior approach 
using a Caspar retractor, according to 

a standard technique. All interventions 
were performed under magnification 
using an operating microscope.

Approaches for PELD were chosen 
based on the level and lateralization 
of disc herniation, its location relative 
to the nervous structures, migration of 
the sequestrated disc in the craniocau-
dal direction, and individual anatomical 
features of the spine. Half (55 of 110) 
endoscopic operations were performed 
through posterior approaches: inter-
laminar (n = 53) and translaminar (n = 
2); the second half of interventions was 
performed through lateral approaches: 
transforaminal (n = 47), posterolateral 
(n = 5), and transpedicular (n = 3). More 
than 80 % (89 of 110) of PELDs were per-
formed through interlaminar and trans-
foraminal (according to the Hoogland 
technique) approaches, which are the 
most universal ones (Fig. 1).

Operations in both groups were per-
formed under general anesthesia, with 
the patient in the prone position. A 
C-arm was used for fluoroscopic assis-
tance. Wound drainage was used only 
in the MLD group. Patients in Group 1 
were operated on by specialists having 
experience of more than 30 PELDs, and 
patients in Group 2 were operated on by 
neurosurgeons with experience of more 
than 100 MLDs.

Results

The main characteristics of patient 
groups before surgery are presented in 
Table 1.

We measured the duration of fluoros-
copy and calculated the effective dose 
for patients (E, mSv) upon fluoroscopy 
during PELD (n = 40) and MLD (n = 24) 
according to the recommended formula 
[17]:

E = F × Kd,
where F is an exposure characteristic (a 
dose-area-product (DAP) (Gy • cm2) for 
C-arm devices); Kd is a DAP-to-effective 
dose conversion factor with dimension 
of mSv/(Gy • cm2), Kd ≈ 0.2 [18].

The mean effective dose per patient 
in transforaminal PELD was 4.4 mSv (1.4; 
10.8); the mean duration of fluoroscopy 
was 74.3 s (26; 175). The effective dose 

in patients of the MLD group and a sub-
group with an interlaminar approach for 
PELD was 0.8 mSv (p = 0.58), and the 
mean duration of fluoroscopy was 10.4 s 
and 12.7 s, respectively.

The surgical outcomes are presented 
in Table 2.

There were no serious complications 
in both groups (Table 3). The rate of 
perioperative complications was 7.7 % 
(34/441).

Because long-term (more than 24 
months) clinical outcomes were evalu-
ated in less than half of the patients in 
the sample (46 %), we used a special 
modification of the repeated measures 
analysis of variance (Repeated Measures 
ANOVA) [19, 20] designed for missing 
data analysis based on ergodic centraliza-
tion of model. This method avoids loss of 
information upon deletion of incomplete 
data or distortion of results upon recov-
ery of missing data with artificial data 
during the so-called imputation [21]. In 
the ergodic method, a model displace-
ment due to incomplete data is calcu-
lated, and a covariance error matrix is 
recalculated upon appropriate centraliza-
tion; the matrix is then used to calculate 
all necessary statistics.

It is assumed that the data depends on 
its relation to a certain group, observa-
tion at a certain point in time, and inter-
action between these factors. The signifi-
cance of these factors in each particular 
case can be determined from appropriate 
probability confidence levels: p. gr. is the 
significance of the differences in studied 
parameters between the PELD (oper 1) 
and MLD (oper 2) groups, regardless of 
the time factor (basically, all values are 
more than 0.05, which indicates general 
comparability of these groups); p. time 
indicates the significance of the studied 
indicator dynamics; the results of analysis 
revealed an improvement in the studied 
clinical indicators in both groups (there 
is usually an improvement on day 7 and 
a further slight variation at a level set in 
the first week); p. gr. time is the signifi-
cance of the interaction between time 
and group factors, and its value less than 
0.05 indicates a significant time-depen-
dent difference in the changes between 
groups (Fig. 2–4).
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During the entire follow-up period, 
there were no significant differences in 
the intensity of pain in the back and low-
er extremities as well as in the quality of 
life (ODI) and the physical component of 
health (SF-36 questionnaire). There was 
an earlier achievement of a high level of 
the physical health component in group 
1 (significance of the interaction effect 
p < 0.0001) and a statistically significant 
intergroup difference in improvement 
in the level and dynamics of the mental 
health component (SF-36) in the case 
of PELD (significance of the interaction 
effect p = 0.0001). Good and excellent 
results (MacNab scale) were observed in 
78.2 % (86/110) of cases in Group 1 and 
in 84.9 % (281/331) of cases in Group 2, 
without significant differences in this cri-
terion (p = 0.23).

Discussion

The groups were comparable in the 
main criteria at the preoperative stage. 
Similarly to the reported data [13, 16, 22, 
23], the operating time was significantly 
shorter in Group 1 (p < 0.001). The 
effective dose per patient and the time 
of fluoroscopy in PELD, especially in the 
transforaminal technique, were higher 
than those reported in the literature 
[14, 24]. This was mainly associated with 
insufficient experience of specialists who 
performed PELD. For example, according 
to Iprenburg et al. [24], the effective dose 
per patient and surgeon is reduced about 
3.5-fold as the surgeon performs more 
than 100 transforaminal PELDs.

In our study, the effective dose per 
patients in PELD was analyzed separate-
ly for transforaminal and interlaminar 
techniques. This is due to the fact that 
the transforaminal approach (accord-
ing to Hoogland) involves foraminotomy 
performed by bone burrs under fluoro-
scopic control, which obviously increases 
the effective dose. The effective dose for 
patients in transforaminal discectomy 
was 5.5-fold higher than that in Group 
2 and a subgroup with the interlaminar 
technique in PELD (p < 0.0001).

The median hospital stay in Group 1, 
as in most studies [11, 13–15], was signif-
icantly less than that in Group 2. A similar 

trend was noted for the duration of dis-
ability in working patients (p < 0.001). 
According to Ruetten et al. [16], the dura-
tion of disability amounted to 25 days 
for PELD and 49 days for MLD, which 
is approximately consistent with our 
results. There were no statistically sig-
nificant differences between the groups 
in the rate of complications (p = 0.54).

An important feature was the absence 
of infectious complications in Group 1. 
The rate of detected complications is 
consistent with the data of Liu et al. [22], 
but different from that in other studies 
[14–16]. Despite the absence of statisti-
cally significant differences in the rate of 
recurrent disc herniation (p = 0.07), it 
should be noted that the risk of its recur-
rence in Group 1 doubles that in Group 2 
(10.0 % and 4.80 %). A greater number of 
recurrences after PELD than after MLD 
have been marked by many authors [12, 
16, 22].

The causes for this pattern were not 
analyzed in the present study, but it may 
be associated with additional disc resec-
tion in the interbody space. In our study, 
40.0 % (44/110) of patients in Group 
1 and in 75.8 % (251/331) in Group 2 
underwent an additional disc resection 
after removal of disc extrusion. Sever-
al studies have demonstrated the effect 
of aggressive discectomy on a signifi-

cant decrease in the rate of recurrences 
[25–27].

There were no significant differences 
in the number of re-operations between 
the groups (Table 3). Their rate slight-
ly exceeded that previously reported in 
the literature, but the present study was 
characterized by a longer follow-up peri-
od [12, 15, 22]. The clinical outcomes of 
PELD and MLD were generally equiva-
lent, as confirmed by the literature data 
[14–16, 23].

Conclusions

1. Accessibility of the surgical sub-
strate in the lumbar spinal canal in MLD 
and PELD is comparable, but the latter 
technique is less invasive.

2. The duration of surgery and hospi-
tal stay in the MLD group exceed those 
in the PELD group.

3. The differences in the immediate 
and long-term clinical outcomes as well 
as rates of complications, recurrences, 
and re-operations between the PELD and 
MLD groups are statistically insignificant.

4. Infectious complications are not 
typical of PELD in comparison with MLD.

5. The risk of recurrent disc herniation 
after PELD is about 10 %, which doubles 
that after MLD.

6. The effective dose per patient is 
significantly higher for the Hoogland’s 

Fig. 1
Interlaminar (a) and transforaminal (b) percutaneous endoscopic lumbar discectomy: 
the endoscopic stage of the intervention

а b
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transforaminal technique than for the 
interlaminar technique of PELD and MLD.

7. Given the absence of an obvious 
superiority of one of the techniques 
based on the clinical outcomes, it is 
advisable to analyze PELD and MLD to 

rationalize the choice of a medical tech-
nology based on an integrated assess-
ment of clinical and economic efficacy.

The study was conducted without financial support. 

The authors declare no conflict of interest.

Table 1

Main characteristics of patients in Group 1 and Group 2 before surgery

Parameters Group 1 

(n = 110)

Group 2 

(n = 331)

(p. value)

Age, years: Me [IQR]/sample range     43.4 [34–57]/

            19–77

   45.7 [36–56]/

           19–85

0.11**

Gender, % male      55.5      60.4
0.37***

female      44.5      39.6

Body mass index: Me [IQR] 26.5 [23.6–28.7] 26.9 [22.3–29.7] 0.36**

Smoking, %      33.6      27.8 0.28***

Diabetes mellitus, %        4.5        8.2 0.29***

Back pain, months: Me [IQR]*     24 [2–72]     24 [2–48] 0.39**

Lower limb pain, months: Me [IQR]*       2 [2–7.5]        2 [0.5–7.5] 0.52**

NRS-11, back: Me [IQR]       5 [2–7]        5 [2–6] 0.19**

NRS-11, lower limb: Me [IQR]       6 [4–8]        6 [4–8] 0.04**

Lasegue’s sign, %      93.6       83.7    0.01***

ODI: Me [IQR]     42 [28–57.5]      46 [30–58] 0.52**

SF-36 (physical component): Me [IQR] 28.8 [24.7–34.1]  29.9 [25.1–34.8] 0.55**

SF-36 (mental component): Me [IQR] 41.1 [33.5–53.8]  42.2 [32.9–52.8] 0.99**

Disc herniation level, % (n)

L1–L2 3.6 (4) 1.5 (5)           

0.001*** 

L2–L3 3.6 (4) 0.9 (3)

L3–L4 3.6 (4) 8.2 (27)

L4–L5 42.7 (47) 36.6 (121)

L5–L6 6.4 (7) 0.9 (3)

L5–S1 40.0 (44) 52.0 (172)

Lateralized disc herniation (296 MRT), % (n)

Median 15.8 (16) 18.5 (36)

  0.32***

Paramedian 66.3 (67)   69.2 (135)

Foraminal 7.9 (8)   6.7 (13)

Extraforaminal 5.0 (5) 1.0 (2)

Bulging 5.0 (5) 4.6 (9)

Disc herniation with cranial and caudal 

migration by 5–24 mm (296 MRT), % (n)

22.3 (23) 23.8 (46)   0.89***

Me [IQR] is the median and interquartile range;

 * duration of back/lower limb pain from the onset of disease to surgical treatment;

 ** Mann-Whitney U-test;

 *** Fisher’s exact test.
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Table 2

Main results of surgical interventions in Group 1 and Group 2

Parameters Group 1 (n = 110) Group 2 (n = 331) p. value

Duration of surgery, min: Me [IQR] 85 [65–110] 105 [80–125] <0.001*

Hospital stay, days: Me [IQR]    5 [3–8]   10 [8–13] <0.001*

Disability after surgery, days: Me/sample range 30 [0–182]/0–182   50 [20–120]/20–120 <0.001*

Complications, % (n)    9 (10)  7.3 (24)   0.54**

Recurrent disc herniation, % (n)  10 (11)  4.8 (16)   0.07**

Recurrence-free period, months: Me/sample range 5.0 [1–25]/1–25  6.0 [1–22]/1–22 0.86*

Re-operations, % (n)  10 (11)     6 (20)    0.31**

Me [IQR] is the median and interquartile range;

 * Mann-Whitney U-test;

 ** Fisher’s exact test.

Fig. 2
Changes in indicators of pain in the back (a) and lower extremities (b) (NRS-11 scale) after percutaneous endoscopic lumbar discectomy 
and microsurgical lumbar discectomy: oper 1 – PELD; oper 2 – MLD; p. gr., p. time, p. gr. time – appropriate probability confidence levels
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Table 3

Perioperative complications in the studied groups, % (n)

Complication Group (n = 111) Group (n = 331)

complication conversion re-operation complication re-operation

DM injury 3.6 (4) – – 3.9 (13) –

DM and root injury 2 0.9 (1) – – –

CSF leak – – – 0.3 (1) –

Infection in surgical area – – – 2.1 (7) 1.2 (4)

Transient paresis 1.8 (2) – – – –

Lower limb cramps 0.9 (1) – – – –

Residual disc herniation 2.7 (3) – 1.8 (2) 0.9 (3) 0.6 (2)

Total 9.0 (10) 0.9 (1) 1.8 (2) 7.2 (24) 1.8 (6)

In Group 1, 111 patients are indicated instead of 110 patients (+1 patient whose treatment results after conversion were not analyzed). 

DM is the dura mater.
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Fig. 3
Changes in quality of life indicators (ODI) after percutaneous endoscopic lumbar discectomy 
and microsurgical lumbar discectomy: oper 1 – PELD; oper 2 – MLD; p. gr., p. time, p. gr. 
time – appropriate probability confidence levels        

Fig. 4
Changes in physical (a) and mental (b) health indicators (SF-36 questionnaire) after percutaneous endoscopic lumbar discectomy 
and microsurgical lumbar discectomy: oper 1 – PELD; oper 2 – MLD; p. gr., p. time, p. gr. time – appropriate probability confidence levels

oper 1 oper 2

Before surgery

p. gr. = 0,823; p. time = 0,000; p. gr. time = 0,523 

O
D

I

10

20

30

40

6 months 12 months 24 months

oper 1 oper 2

Before surgery

p. gr. = 2,58е – 01, p. time = 0,00е + 00, p. gr. time = 3,88е – 06 

6 months 12 months 24 months 6 months 12 months 24 months

S
F

-3
6

S
F

-3
6

30

35

40

50

45

oper 1 oper 2

Before surgery

p. gr. = 8,42е – 08, p. time = 0,00е + 00, p. gr. time = 1,13е – 04 

44

48

52

56

а b



Hirurgia Pozvonochnika 2019;16(2):27–34 

Degenerative diseases of the spine

33

M.N. Kravtsov et al. Immediate and long-term results of PERCUTANEOUS full-endoscopic and microsurgical lumbar discectomy 

1. Hijikata S, Yamagishi M, Nakayma T. Percutaneous discectomy: a new treatment 

method for lumbar disc herniation. J Tokyo Den-Ryoku Hosp. 1975;39:39–44.

2. Kambin P, ed. Arthroscopic Microdiscectomy: Minimal Intervention in Spinal Surgery. 

Baltimore, 1991.

3. Schreiber A, Suezawa Y, Leu H. Does percutaneous nucleotomy with discoscopy 

replace conventional discectomy? Eight years of experience and results in treatment 

of herniated lumbar disc. Clin Orthop Relat Res. 1989;238:35–42.

4. Suezawa Y, Jacob HAC. Percutaneous nucleotomy. Arch Orthop Tauma Surg. 

1986;105:287–295. DOI: 10.1007/BF00449928.

5. Ruetten S, Komp M, Merk H, Godolias G. Use of newly developed instruments and 

endoscopes: full-endoscopic resection of lumbar disc herniations via the interlaminar 

and lateral transforaminal approach. J Neurosurg Spine. 2007;6:521–530. DOI: 10.3171/

spi.2007.6.6.2.

6. Schubert M, Hoogland T. Endoscopic transforaminal nucleotomy with 

foraminoplasty for lumbar disk herniation. Oper Orthop Traumatol. 2005;17:641–

661. DOI: 10.1007/s00064-005-1156-9.

7. Yeung AT, Tsou PM. Posterolateral endoscopic excision for lumbar disc herniation: 

Surgical technique, outcome, and complications in 307 consecutive cases. Spine. 

2002;27:722–731.

8. Iprenburg M. Transforaminal endoscopic surgery – technique and provisional results 

in primary disc herniation. Eur Musculoskelet Rev. 2007;2:73–76.

9. Krzok G, Telfeian AE, Wagner R, Iprenburg M. Transpedicular lumbar endoscopic 

surgery for highly migrated disk extrusions: preliminary series and surgical technique. 

World Neurosurg. 2016;95:299–303. DOI: 10.1016/j.wneu.2016.08.018.

10. Dezawa A, Mikami H, Sairyo K. Percutaneous endoscopic translaminar approach 

for herniated nucleus pulposus in the hidden zone of the lumbar spine. Asian J Endosc 

Surg. 2012;5:200–203. DOI: 10.1111/j.1758-5910.2012.00142.x.

11. Zorin NA, Kirpa YuI, Zorin NN. The comparative assessment of efficacy of 

endoscopic transforaminal microdiscectomy and open microdiscectomy in treatment 

of lumbar discs herniation. Ukr Neyrokhіr Zh. 2014;3:61–65. In Russian.

12. Volkov IV, Karabaev ISh, Ptashnikov DA, Konovalov NA, Poyarkov KA. 

Outcomes of transforaminal endoscopic discectomy for lumbosacral disc herni-

ation. Travmatologiya i ortopediya Rossii. 2017;23(3):32–42. In Russian. DOI: 

10.21823/2311-2905-2017-23-3-32-42.

13. Wang H, Song Y, Cai L. Effect of percutaneous transforaminal lumbar spine 

endoscopic discectomy on lumbar disc herniation and its influence on indexes of 

oxidative stress. Biomed Res. 2017;28:9464–9469.

14. Gibson JNA, Subramanian AS, Scott CEH. A randomised controlled trial of 

transforaminal endoscopic discectomy vs microdiscectomy. Eur Spine J. 2017;26:847–

856. DOI: 10.1007/s00586-016-4885-6.

15. Chen Z, Zhang L, Dong J, Xie P, Liu B, Wang Q, Chen R, Feng F, Yang B, Shu T, 

Li S, Yang Y, He L, Pang M, Rong L. Percutaneous transforaminal endoscopic discec-

tomy compared with microendoscopic discectomy for lumbar disc herniation: 1-year 

results of an ongoing randomized controlled trial. J Neurosurg Spine. 2018;28:300–310. 

DOI: 10.3171/2017.7.SPINE161434.

16. Ruetten S, Komp M, Merk H, Godolias G. Full-endoscopic interlaminar and 

transforaminal lumbar discectomy versus conventional microsurgical technique: 

a prospective, randomized, controlled study. Spine. 2008;33:931–939. DOI: 10.1097/

BRS.0b013e31816c8af7.

17. Control of the patient effective doses from medical X-ray examinations. Guidelines MU 

2.6.1.2944-11. Moscow: Rospotrebnadzor, 2011:32. In Russian.

18. Lee YS, Lee HK, Cho JH, Kim HG. Analysis of radiation risk to patients from intra-

operative use of the mobile X-ray system (C-arm). J Res Med Sci. 2015;20:7–12.

19. Alexeyeva NP, Tatarinova AA, Gurschenkov AV, Kutuzova AE, Belyakova LA, 

Gracheva PV, Bondarenko BB. Analysis of repeated measures with missing data on 

the basis of ergodic model centralization in cardiology. Byulleten’ Federal’nogo Centra 

serdca, krovi i ehndokrinologii im. V.A. Almazova. 2011;8(3):59–63. In Russian.

20. Alexeyeva NP. Dual balance correction in repeated measures ANOVA with missing 

data. Electron J Appl Stat Anal. 2017;10:146–159. DOI: 10.1285/i20705948v10n1p146.

21. Zloba E, Yackiv I. Statistical methods for recovering missing data. Computer 

Modelling & New Technologies. 2002;6(1):51–61. In Russian.

22. Liu X, Yuan S, Tian Y, Wang L, Gong L, Zheng Y, Li J. Comparison of 

percutaneous endoscopic transforaminal discectomy, microendoscopic discectomy, 

and microdiscectomy for symptomatic lumbar disc herniation: minimum 2-year follow-

up results. J Neurosurg Spine. 2018;28:317–325. DOI: 10.3171/2017.6.SPINE172.

23. Kim MA, Lee S, Kim HS, Park S, Shim SY, Lim DJ. Comparison of percutaneous 

endoscopic lumbar discectomy and open lumbar microdiscectomy for lumbar disc 

herniation in the Korean: a meta-analysis. BioMed Res Int. 2018;2018:9073460. 

DOI: 10.1155/2018/9073460.

24. Iprenburg M, Wagner R, Godschalx A, Telfeian AE. Patient radiation exposure 

during transforaminal lumbar endoscopic spine surgery: a prospective study. Neurosurg 

Focus. 2016;40:E7. DOI: 10.3171/2015.11.FOCUS15485.

25. McGirt MJ, Ambrossi GLG, Datoo G, Sciubba DM, Witham TF, Wolinsky JP, 

Gokaslan ZL, Bydon A. Recurrent disc herniation and long-term back pain after pri-

mary lumbar discectomy: review of outcomes reported for limited versus aggressive disc 

removal. Neurosurgery. 2009;64:338–345. DOI: 10.1227/01.NEU.0000337574.58662.

26. Carragee EJ, Spinnickie AO, Alamin TF, Paragioudakis S. A prospective 

controlled study of limited versus subtotal posterior discectomy: short-term outcomes 

in patients with herniated lumbar intervertebral discs and large posterior anular defect. 

Spine. 2006;31:653–657. DOI: 10.1097/01.brs.0000203714.76250.68.

27. Kahanovitz N, Viola K, Muculloch J. Limited surgical discectomy and 

microdiscectomy. A clinical comparison. Spine. 1989;14:79–81.

Address correspondence to:
Kravtsov Maksim Nikolayevich
S.M. Kirov Military Medical Academy,
Academician Lebedev str., 6, St. Petersburg, 194044, Russia,
neuromax@mail.ru

Received 22.04.2019

Review completed 05.05.2019

Passed for printing 07.05.2019

References



Hirurgia Pozvonochnika 2019;16(2):27–34 

34
Degenerative diseases of the spine

M.N. Kravtsov et al. Immediate and long-term results of PERCUTANEOUS full-endoscopic and microsurgical lumbar discectomy 

Maksim Nikolayevich Kravtsov, MD, PhD, doctoral student in the Neurosurgical Department, S.M. Kirov Military Medical Academy, Academician Lebedev str., 6, 

St. Petersburg, 194044, Russia,  ORCID: 0000-0003-2486-6995, neuromax@mail.ru;

Saidmirze Dzhamirzoevich Mirzametov, neurosurgeon in the Clinic of Neurosurgery, postgraduate student in the Department of Neurosurgery, S.M. Kirov Military 

Medical Academy, Academician Lebedev str., 6, St. Petersburg, 194044, Russia, ORCID: 0000-0002-1890-7546, said19mirze@mail.ru;

Vladimir Nikolayevich Malakhovskiy, DMSc, Prof., teaching assistant in the Department of Roentgenology and Radiology, S.M. Kirov Military Medical Academy, Aca-

demician Lebedev str., 6, St. Petersburg, 194044, Russia, ORCID: 0000-0002-0663-9345, malachovskyvova@gmail.com;

Nina Petrovna Alekseyeva, PhD in Physics and Mathematics, Associate Professor, Faculty of Mathematics and Mechanics, St. Petersburg State University, Universitet-

skaya Emb., 7–9, St. Petersburg, 199034, Russia; Pavlov First St. Petersburg State Medical University, Lev Tolstoy str., 6–8, St. Petersburg, 197022, Russia, ORCID: 

0000-0001-8837-6739, ninaalexeyeva@mail.ru;

Boris Vsevolodovich Gaidar, DMSc, Prof., Professor of the Department of Neurosurgery, Academician of the RAS, S.M. Kirov Military Medical Academy, Academician 

Lebedev str., 6, St. Petersburg, 194044, Russia, ORCID: 0000-0003-2430-1927, b.v.gaidar@gmail.com;

Dmitry Vladimirovich Svistov, MD, PhD, associate professor, Head of the Department of Neurosurgery, chief neurosurgeon of the Ministry of Defence of the Russian 

Federation, S.M. Kirov Military Medical Academy, Academician Lebedev str., 6, St. Petersburg, 194044, Russia, ORCID: 0000-0002-3922-9887, dvsvistov@mail.ru.


