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Objective. to improve the results of treatment of sequestered
herniation of lumbar intervertebral discs by the puncture laser
microdiscectomy (PLM) method. Methods. During the period
from 2000 to 2023, 132 patients with sequestered lumbar disc
herniations were operated on by the PLM method. There were
88 males and 34 females. The age of the patients was from 23 to
64 (42.3 + 3.5) years. Surgeries were performed using a C-arc
operating fluoroscope. The laser pulse duration — 0.3—0.5 sec,
and radiation exposure — 500—600 J. Approach to the seque-
strum was mainly posteromedian transdural. For laterally
located sequestra, posterolateral approach was used. The effi-
cacy of PLM was assessed by pain intensity reduction accord-
ing to the VAS scale one month after surgery, and according to
the McNab scale 3 months after surgery. Results. One month
after PLM, the maximum reduction of radicular pain intensity
was noted in patients with posteromedian hernias, to a lesser
extent — with paramedian hernias, and the least pronounced —
with lateral hernias. However, no statistically significant dif-
ferences in pain intensity one month after surgery depending
on hernia location were found (p > 0.05). As for the intensity
of lumbar pain, in all groups, regardless of hernia location,
it significantly decreased and did not exceed 1 point after one
month. 3 months after surgery, 95 (71.9 %) patients had an ex-
cellent result according to the McNab scale, 13 (9.8 %) — good,
7 (5.3 %) — satisfactory, 17 (12.8 %) — unsatisfactory, indicat-
ing that the PLM method of sequestered hernias can be quite
effective in a certain selection of patients. According to our data,
positive results can reach 81.8 % (95 % CI 74.2-87.9 %) (CI —
confidence interval). Conclusions Sequestered hernias, which
can be operated by the PLM method, should not exceed 9 mm in
height on axial sections, should have a smooth rounded lenticu-
lar shape without signs of migration. The positive effect of PLM
of sequestered hernias reached 81.7 %. The results were better
with PLM of posteromedian hernias.

Mema. Iloninwumu pes3ynrbmamu NiKy8anHs CeKGeCMpPOBAHUX
epudic nonepexkosux mixcxpebyesux ouckie (MXJ]) memooom
nynkyitunoi nazeproi mixpooucxkexmomii (I1JIM). Memoou.
3a nepioo i3 2000 no 2023 poxu npooneposaHo memoouKoo
IIJIM 132 nayienmu 3 ceK8eCmpoSaHuMu cpudicamu nonepe-
rkoeux MXJ/]. Honosixie oyno 88, a scinok — 34, @ik 6i0 23 0o
64 (42,3 + 3,5) poxis. Bmpyuannus npoeoouiu 3 euxopucmau-
HAM onepayitinozo ¢arwopockona C-apra. Ilpomsoicnicms
aazepnozo imnyaivcy — 0,3—0,5 ¢, npomenese 3a6aHmMadiceH-
s — 500—600 [oc. Jocmyn 0o cexeecmpy nepesajxrcHo 0ys
3A0HbOCEPEOUHHUL MPAHCOYPATbHULL. 3a 1amepaivHo po3-
Mawio8aHux cek8ecmpis 6UKOPUCMAHO 3a0HbOOIUHUL OOCMYN.
Edexmusnicme I1JIM oyiniosanu 3a 3smeHuienHAM iHIMEHCUBHOC-
mi 60110 3a wkanoro BAIL yepes micayv nicaia onepayii, i 3a
wranow McNab — uepe3 3 mic. Pesyiomamu. UYepes micays
nicas IIJIM makcumanvHe 3HUNCEHHS THMEHCUBHOCMI paou-
KYIAPHO2O 0010 8IOMIUEHO y X80pUX I3 3A0HbLOCEPEeOUHHUMU
epudicamu, MeHue — i3 napamediaHHUMU, HAlMeHule — i3 ad-
mepanehumu. Ilpome cmamucmuuno snauywux 8iomiHHocmel
iHmeHcusHoCmi 6010 uepe3 Micayb Nicis onepayii 3a1edcHo 610
nokanizayii epudici ne susenero (p > 0,05). Cmocyemucs inmen-
CUBHOCTT NONEPEKOBO20 OONIO Y 6CIX 2PYNAX, HE3ANENHCHO BIO0 J10-
Kanizayii 2pudici, BOHA CYMMEBO 3HUNCYBANACS [ Yepe3 MICAYb He
nepesuwgyeana 1 6an. Yepes 3 mic. nicas onepayii'y 95 (71,9 %)
nayienmie 6i03sHayeHull GiOMIHHUL pe3yl1bmam 3a WKAIA0I0
McNab, y 13 (9,8 %) — oobpuii, y 7 (5,3 %) — 3adosinvHulil,
v 17 (12,8 %) — nesadosinvnuil, wo 8ioobpasicye docmammuio
epexmusnicmo guxopucmanns IIJIM cexeecmposanux zpudic
¥y 8unaoxy nesnoco 6iobopy nayicnmis. Busnaueno, wo nosu-
mueHi pezynomamu modxcyms docsiemu 81,8 % (95 %, dosipuuii
inmepean 74,2—87,9 %). Bucnosku. [na euxopucmauHs memo-
oy IIJIM y xipypeiunomy niky8auHi cekeecmpo8aHux epuic ciio
obupamu ix 3a MaKumMu Xapakmepucmukami: 6Ucoma Ha axci-
anbHUX 3pizax He Oinvbuie Hidie 9 MM, pieHa OKpyela 1iH30N00IOHA
¢opma 6e3 osnax miepayii. Iosumusnuii egpexm IIJIM oocseas
81,7 %, kpawe pe3ynomam y Unaoxy 3a0Hb0CePEOUHHUX SPUAC.
Kurouosi crnosa. Ilonepexogi miscxpebyesi Oucku, cekeecmposa-
HI 2pUdiCi, NYHKYIUHA 1a3epHa MIKPOOUCKEKMOMIA.
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Introduction

Puncture laser disc decompression proposed by
W. P. Asher et al. at the end of the 1980s [1], has be-
come a leading technique in the treatment of herni-
ated intervertebral discs (HID) at the cervical, tho-
racic and lumbar levels [2—-6]. It is an intermediate
segment between conservative therapy and microsur-
gery [7-10]. Currently, the limits of its use are clearly
established, from protrusions of the HID to small
(non-sequestered) hernias, the sagittal size of which
does not exceed 6 mm. It has been proven that after
laser intervention on the nucleus pulposus of the disc,
its volume decreases by almost 25 % [5, 6]. Ukrainian
authors and we are inclined to consider this operation
a puncture laser microdiscectomy (PLM). The effec-
tiveness of this technique, if all requirements are met,
can reach 92 % [11-13]. However, there are not so
many patients who fully meet the requirements for
PLM. Some of them are often subject to conservative
therapy. The same patients who want to be treated
by this technique are not suitable for a number of in-
dicators. An absolute contraindication to perform-
ing puncture laser microdiscectomy is hernias with
signs of rupture of the fibrous ring and sequestration.
There are quite a lot of patients who are inclined to
be treated by this method. Some of them refuse mi-
crosurgical treatment due to fear of open intervention
and anesthesia, and in a number of cases, concomi-
tant somatic abnormalities are associated with a high
risk of complications. At the same time, patients in
this category have to take narcotic analgesics to re-
duce pain.

We have developed a method of treating seques-
tered hernias by the PLM method in order to help pa-
tients with sequestered lumbar hernias requiring open
surgery, but refuse it for various reasons. In 2000,
we published our findings [14] of an experimental
study on intervertebral discs of deceased people and
large sequestrations removed during surgery. It was
proved that the heating of the fragment in the center
of the HID depends on the length of the laser pulse:
for the length of the last pulse up to 1.0 s, at a distance
of 2 and 6 mm from the center of the light guide,
the temperature rises by 6 and 4°C, respectively, if up
to 0.5 s at the same distance, the temperature rises by
2.3 and 1.4°C, respectively. For the total dose of laser
irradiation (we used a niodymium laser at the time)
at a dose of 1,600 J, the volume of the disc or se-
questrum was reduced by 32 %, and with irradiation
of 600 J, the volume of the disc or sequestrum could
decrease to 22 %. Thus, we have proven that the la-
ser is safe and quite effective when used in this way.

Clinical observations confirmed the results of our ex-
periment, that under certain conditions sequestered
hernias can be treated with the PLM technique.

Purpose: to improve the results of treatment of se-
questered herniated lumbar intervertebral discs by
the method of puncture laser microdiscectomy.

Material and methods

During the period from 2000 to 2023, we operated
on 132 patients with sequestered hernias of lumbar
HID using the PLM technique. There were 88 men
and 34 women (from 23 to 64 years old). The ave-
rage age of the patients was (42.3 + 3.5) years. In
43 patients, the examination involved computerized
tomography (CT), 52 patients underwent magnetic
resonance imaging (MRI), and 37 patients under-
went both CT and MRI. Until 2007, a niodymium
laser Medilas fibertom 4060 (Dornie, Germany) was
used as a source of laser radiation, then a diode la-
ser Surgilas (Germany). Operations were performed
using a C-arc fluoroscope (Philips, the Netherlands).
The duration of the laser pulse is from 0.3 to 0.5 s, and
the radiation load is from 500 to 600 J. The access to
the sequestration was mainly posterior-medial trans-
dural. In the case of laterally located sequestrations,
a posterior approach was used. The effectiveness
of puncture laser microdiscectomy was evaluated by
the reduction of pain intensity according to the VAS
scale one month after the operation and according to
the McNab scale 3 months after the intervention.

Ethical norms

All procedures performed on patients dur-
ing the study conformed to the ethical standards
of the institutional and national ethics committees
and the 1964 Declaration of Helsinki and its amend-
ments or similar ethical standards. All patients gave
their written consent to the treatment and the use in
scientific research of the data given in the outpatient
chart. The conduct of the study was approved by
the Commission on Ethics and Bioethics of the State
Institution Dnipro Medical University of the Mini-
stry of Health of Ukraine (Protocol No. 10 dated
21.06.2023).

Statistical analysis

Comparison of independent samples with normal
distribution of values was carried out using Student's
test (t). Multiple comparisons were performed with
Holm—Bonferroni corrections.

The results

All 132 patients had HID hernias with signs
of sequestration and sizes from 7 to 9 mm. 32
(24.2 %) of Liy—Ly HID hernias were diagnosed, and
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100 (75.8 %) of Ly—S; lumbar hernias. According
to the location relative to the spinal canal, these are
the following hernias: posteromedial — 91 (68.9 %),
paramedian — 29 (22.4 %), and lateral — 12 (8.9 %)).
Sequestrations without signs of migration prevailed,
there were 105 of them (80.2 %). 18 (14.6 %) of se-
questrations that remained mainly at the lumbar level,
but shifted caudally (up to 5 mm), migrated cranially
(by 5mm) —9 (5.2 %).

The pain syndrome prevailed in the neurologi-
cal status. For the most part, pain was localized in
the L, root zone in 18 % of patients and in the SI root
zone — in 65 % of people. Other patients presented
with pain in the area of the kidneys (17%), radicular
pain was weakly expressed. According to the VAS
scale, the intensity of radicular pain ranged from 6 to
8 points, on average (7.2 £ 1.3) points, and lumbar
from 4 to 6 points, on average (5.8 + 0.83) points. Hy-
poesthesia of the Ly dermatome was found in 12 %
of patients, and hypoesthesia of the S; dermatome in
52 %. Weakness of the dorsiflexion of the foot was
recorded in 8 % of patients, and plantar flexion in
28 % of individuals.

Peculiarities of surgical intervention

A posteromedial transdural approach was used
to perform PLM of hernias located posteriorly and
paramedianly. For hernias that were located lateral-
ly, a posterolateral approach was used. In all cases,
the end of the needle was initially placed in the center
of the nucleus pulposus, and the laser load on it was
on average (500 = 42.5) J. The duration of the pulse
was 1.0 s. After that, the needle was placed as close as
possible to the base of the hernia (Fig. 1) and an ave-
rage laser load of (400 + 24.5) J with a pulse length
of 0.3 s was additionally applied.

The effectiveness of PLM was visually assessed
using CT 30 minutes after the intervention. On the to-
mogram, signs of a “vacuum effect” appeared in

the operated disk, as a result of gas bubbles that arose
due to laser ablation. Our experience proves that
the more pronounced the “vacuum effect”, the more
favorable the prognosis of PLM. At the same time,
the best prognostic factor is the appearance of a “va-
cuum effect” directly in the hernia itself, as shown in
Figure 2.

Early and long-term results of PLMs have proven
that their effectiveness depends on several factors.
One of which is the age of the patient: in younger
patients, the effect of PLM is higher. Thus, among
14 people over the age of 50, the reduction of radi-
cular pain on the VAS scale one month after PLM
decreased on average by only (1.6 £ 0.36) points. In
4 of them, the pain intensity did not change, which
required a microsurgical operation. The duration
of the illness is significantly affected. In all 12 pa-
tients with a history longer than six months, one
month after PLM, the intensity of radicular pain de-
creased by only (2.3 £ 0.45) points. We performed an
analysis of the effectiveness of PLM with sequestered
hernias that differ in their location in the spinal ca-
nal: posteromedial, paramedian, and lateral. The table
presents information about the intensity of pain ac-
cording to the VAS scale in patients with sequestered
hernias of different localization.

The indicators in the table indicate that a month
after PLM, the maximum decrease in the intensity
of radicular pain was noted in patients with poste-
rior medial hernias. A slightly smaller reduction in
pain intensity was noted in individuals with parame-
dian hernias. In patients with lateral hernias, the de-
crease in the intensity of radicular pain was the least
pronounced, but it was noticeable for the patients
themselves. However, there were no statistically sig-
nificant differences in pain intensity one month af-
ter surgery depending on the location of the hernia
(p > 0.05). As for the intensity of lumbar pain, in all

Fig . 1. Features of setting the needle: a, b) posterior transdural access; c, d) posterior access



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2023. Ne 4

Changes in the intensity of radicular pain according to the VAS scale one month after PLM

Localization of the hernia

Number of observations

Intensity of radicular pain according to VAS

) average score before surgery average score after | month p
Posterior middle (1) 91 6.9+ 1.36 2.4+0.53 pi2=0.112
Paramedian (2) 29 71+1.22 4.4+0.89 pis =0.612
Lateral (3) 12 73+ 145 5.1+ 1.04 Pas=0.069
Total number 132 70+ 1.3 3.1+0.96 —

Notes: p — differences in intensity of radicular pain according to VAS after 1 month. after surgery depending on the
location of the hernia according to the Student's test for independent measurements (t) with the Holm—Bonferroni
correction; p; , — differences between the posterior median and paramedian localization of the hernia; p, ; — differences
between the posterior medial and lateral location of the hernia; p, ; — differences between the paramedian and lateral

location of the hernia.

Fig. 2. CT “vacuum effect” on the Ly—S, disc after PLM: a) axial
section, b) sagittal

groups, regardless of the localization of the hernia,
it significantly decreased and after a month did not
exceed one point. Separately, sequestered hernias that
have a tendency to migrate both cranially and cau-
dally should be highlighted. In our observation, there
were 28 of them. The results of the study showed that
the presence of a slight migration of the sequestrum
(no more than 5 mm) does not affect the outcome
of the operation. Only the process of pain regression
was somewhat delayed.

Three months after surgery, 95 (71.9 %) patients
had an excellent result according to the McNab scale,
13 (9.8 %) had a good result, 7 (5.3 %) had a sati-
sfactory result, and 17 (12.8 %) had an unsatisfac-
tory result, which indicates that PLM of sequestered
hernias in the case of a certain selection of patients
can be quite effective. According to our data, positive
results can reach 81.8 % (95 % confidence interval
74.2—-87.9%).

Discussion

We consider it necessary to emphasize that the ef-
fectiveness of PLM in conditions of protrusions and

non-sequestered hernias of the lumbar intervertebral
discs is not in doubt [1-6]. Sequestered hernias, for
the most part, are operated on by a microsurgical or
endoscopic method [8—10]. But there is a category
of patients who, for various reasons, refrain from in-
vasive treatment methods. At the same time, some
of them have sequestrations that can be successfully
operated by the PLM method. Our previous clinical
and experimental studies proved that the direct laser
effect on the sequestration, according to our modi-
fied technique, does not pose a danger to the patient.
Further clinical studies allowed us to highlight cer-
tain requirements for sequestrations that are subject
to PLM. That is, their size should not exceed 9 mm
in height on axial scans. At the same time, all of them
must maintain the rear longitudinal connection. Mig-
ration of the sequestrum, cranially or caudally, should
not exceed 5 mm. Posterior-median sequestrations are
preferred. Regarding paramedianly located seques-
trations, their PLM is possible, but the effectiveness
of such interventions is significantly lower. The least
effective PLMs are for lateral hernias, although
the statistical validity of this has not been proven due
to the small number of observations.

Thus, in our opinion, PLM can be safe and quite
effective for certain sequestrations described by us.
Of course, their effectiveness is lower than the previ-
ously established indications for this method of treat-
ment. But, if it is not possible to carry out more radi-
cal methods of treatment of sequestered hernias, PLM
can improve the quality of life of such patients.

Conclusions

The technique of puncture laser microdiscectomy
is effective for the treatment of non-sequestered lum-
bar hernias. Our modified and developed method
of using puncture laser microdiscectomy is safe in
the treatment of some sequestered hernias. Its posi-
tive effect during the treatment of sequestered her-
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nias reaches 81.7 %. In the case of posteromedial her-
nias, the results are better.

Analyzing the modern scientific literature, we
note that currently the high efficiency of the use
of puncture surgical technologies during the treat-
ment of degenerative-dystrophic lesions of the arcu-
ate joints of the lumbar spine is emphasized. The use
of this technique has a number of advantages: re-
duction of injury to soft tissues and bone structures;
preservation of the anatomical structures of the spi-
nal canal, which is an important factor in preventing
the formation of epidural fibrosis; faster activation
of the patient; reduction of hospitalization and early
rehabilitation. However, we note that treatment tac-
tics are chosen individually in each case.

Conflict of interest. The author declare no conflict
of interest.
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