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Abstract: Introduction: Despite the long-term use of intramuscular and intraosseous lidocaine trigger
point injections (LTPI) in the treatment of patients with low back pain, there have been no studies
examining their efficiency in treatment of residual pain after degenerative lumbar spinal stenosis
(DLSS) decompression surgery. The purpose of our research is to examine the LTPI efficiency in the
treatment of residual lumbar pain after DLSS decompression surgery and to compare the analgesic
and recovery effects of intramuscular and intraosseous LTPI administered in the L4-S1 region and
in the posterior superior iliac spine (PSIS) after treatment and during four months of follow-up.
Materials and Methods: We observed 99 patients (F:50, M:49) aged 42 to 59 years with residual
neurological disorders after DLSS decompression surgery. In all patients, the pain syndrome exceeded
6 points on the VAS and averaged 7.2 & 0.11 points. The control group (n = 21) underwent only
pharmacotherapy. In addition to pharmacotherapy, the LTPI group underwent intramuscular LTPI
in L4-S1 (n = 20), intramuscular LTPI in the PSIS (n = 19), intraosseous LTPI in L5, S1 (1 = 20), and
intraosseous LTPI in the PSIS (1 = 19). A neurological examination was carried out before treatment,
7 days after completion of treatment, and at the end of the second and fourth months of the follow-up
period. Results: In the control group, intramuscular LTPI in L4-S1 subgroup, intramuscular LTPI in
PSIS subgroup, intraosseous LTPI in L5, S1 subgroup, and intraosseous LTPI in PSIS subgroup, the
severity of pain decreased after treatment by 27.1% (p < 0.05), 41.7% (p < 0.01), 50.7% (p < 0.01), 69%
(p <0.01), and 84.7% (p < 0.01), respectively, and at the end of the second month of follow-up, by
14.3% (p > 1), 29.2% (p < 0.05), 38% (p < 0.01), 53.5% (p < 0.01), and 72.2% (p < 0.01), respectively.
Reduction of neurogenic claudication, regression of sensory deficit, increase of daily step activity, and
improvement of quality of life after treatment were noted in intramuscular LTPI subgroups by 19.6%
(p <0.05),36.4 (p < 0.05), 40.3% (p < 0.01), and 21.0% (p < 0.05), respectively, and in interosseous LTPI
subgroups by 48.6% (p < 0.01), 67.4% (p < 0.01), 68.3% (p < 0.01), and 46% (p < 0.01), respectively.
Conclusions: LTPI is highly effective in the treatment of patients with residual pain after DLSS
decompression surgery. High analgesic effect, significant regression of sensory deficits and gait
disorders, and remarkable improvement of daily step activity and quality of life are noted not only
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after the end of LTPI treatment but also continue for at least 2 months after treatment. Intraosseous
LTPI is more effective than intramuscular LTPI by 92%, and LTPI in PSIS is more effective than LTPI
in L4-51 by 28.6%.

Keywords: paravertebral blockade; intraosseous blockade; lidocaine blockade; posterior superior
iliac spine; gate control theory of pain; degenerative lumbar spinal stenosis decompression surgery;
low back pain; trigger point injection

1. Introduction

Degenerative lumbar spinal stenosis (DLSS) was first described 124 years ago by Sachs
B and Fraenkel J [1]. DLSS is a common cause of disabling back and lower extremity pain
in older adults and is responsible for pain in 50% of patients with low back pain [2]. This
pathological condition usually develops as a result of degeneration of the intervertebral
discs and facet joints, which leads to narrowing of the spinal canal and neural foramina
compressing the nerves traveling through the lower back into the legs [3-6]. The relevance
of this problem lies in the fact that the disease occurs in 31.5% of the working population
aged 45 to 64 years [7,8]. In almost all patients, they may experience back and leg pain, pro-
gressive neurological deficits, bowel and bladder dysfunction, and neurogenic intermittent
claudication (pseudoclaudication) [9]. Due to limited physical activity and chronic pain, a
deterioration in quality of life may develop [10].

In symptomatic spinal stenosis, surgical treatment maintains substantially greater
clinical improvement than nonsurgical treatment [11]. However, the literature has not
found statistically significant differences between the clinical outcomes of laminectomy and
laminotomy [12]. On the other hand, posterior fixation procedures with facet distraction
without decompression have recently been shown to produce good clinical results in 87%
of patients [13].

Nevertheless, residual leg pain and positive sensory symptoms were diagnosed in
30.3% of patients for one year and more after decompression of lumbar spinal stenosis [14].
The most common causes of persistent pain and neurological deficit after DLSS decompres-
sion are epidural fibrosis [15], re-herniation after discectomy [16], spinal fusion failure [17],
post-spinal fusion “adjacent segment disease” [18], damage to the nerve fibers prior to
surgery or during the surgical process [19], and postoperative lumboparaspinal compart-
ment syndrome [20]. Unfortunately, in many cases, pharmacotherapy alone cannot relieve
pain and reduce neurological disorders [21]. Moreover, repeated surgical treatment may
not always provide a satisfactory analgesic and functional recovery effect [22]. However,
patients with pain that persists to unbearable levels do not always find relief with NSAIDs
or physical therapy [23].

Lidocaine trigger point injection (LTPI) is often used as an intractable pain manage-
ment method for DLSS [24-26]. The mechanism of action of these procedures is not entirely
clear. Lidocaine’s effect is due to blocking sodium channels on the inner surface of nerve
cell membranes, keeping them open, which prevents nerve depolarization. Thus, lidocaine
not only prevents the transmission of the action potential but also prevents the depolar-
ization process [27]. The analgesic effect of intramuscular injection of 2%—4 mL lidocaine
can last a maximum of 8 h with a radius of influence of no more than 2 cm [28]. Such a
short and limited effect does not explain the clear reduction in pain sensory deficits and
gait disturbances within 24 h and sometimes several days after LTPI in the treatment of
patients with severe low back pain. In this regard, there is reason to suspect that LTPI is
not only local but also has segmental and suprasegmental mechanisms [29,30]. The seg-
mental mechanism is explained by the gate control theory of pain, blocking slow afferents
(unmyelinated fibers) that have an inhibitory effect on the gelatinous substance of the
posterior horn of the spinal cord, which serves as an inhibitory interneuron for nociceptive
afferents [31,32]. As a result of this action, pain segmentally decreases with normalization
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of reflex increased muscle tone in the paravertebral, gluteal, and piriformis muscles [33].
Moreover, trigger points often coincide with acupuncture points. In such cases, the effect of
lidocaine on ergoreceptors has a parasegmental analgesic effect due to the release of central
endorphins [23,29,34].

Trigger points in patients with residual neurological disorders after DLSS decompres-
sion surgery are heterogeneous in structure and characteristics and contain one or more
sensitized nociceptive nerve endings [28]. Intramuscular ones consist of a dense group
of skeletal muscles (localized contraction nodes) [35]. Ligamentous trigger points consist
of stretched or inflamed ligaments [36]. Periosteal trigger points form from inflamed and
overstretched tendons where muscles and tendons attach to bones [37]. While intraosseous
trigger points are little studied points in the bones. These hyperirritable areas are typi-
cally tender to pressure and can cause characteristic referred pain and reflexogenic muscle
hypertonicity, motor dysfunction, vasospasm, and autonomic phenomena [25].

Some studies have noted that intraosseous injection of lidocaine into trigger points has
a more pronounced effect than intramuscular administration [38]. In Russia, this method
is called intraosseous blockade. Intraosseous LTPI is an intraosseous injection technique
whereby a local anesthetic is injected into the cancellous bone at the site of pain [39]. It
is difficult to determine from the literature where interosseous LTPI was first performed.
However, the first description of this method was made in 1918 by a dentist from San
Francisco [40]. G.M. Shulyak G.M. (1898-1967) was the first to use intraosseous LTPI as
a method of treating low back pain in patients with lumbar osteochondrosis. The results
of his work were published in his monograph “Intraosseous method of pain relief and its
anatomical basis” in 1953 [23]. If Yankovsky made a great contribution to the experimental
development of the physiology and pathophysiology of intraosseous receptors with the
discovery of new possibilities for intraosteotherapy, then Sokov’s work in 1986 turned out
to be the clinical translation of these achievements in clinical practice, especially in the
treatment of vertebrogenic and neuropathic pain [41-43]. According to the authors of the
technique, the high efficiency of intraosseous LTPI lies in the presence of a large number of
slow afferents in the cancellous bone tissue [44].

Previous studies have found that pain from low back pain is more likely to radiate
to the posterior superior iliac spine (PSIS) than to the lumbosacral region. In this regard,
intramuscular and intraosseous LTPI are performed not only in the area of pain in the
lumbosacral region but also in the PSIS projection [5,6].

Despite the long-term use of intramuscular and intraosseous LTPI in the treatment of
patients with low back pain, there have been no studies examining their efficiency in the
treatment of residual pain after DLSS decompression surgery. Moreover, the comparative
analysis of intramuscular and intraosseous LTPI remains poorly studied.

The purpose of our research is to examine the LTPI efficiency in the treatment of
residual lumbar pain after DLSS decompression surgery and to compare the analgesic and
recovery effects of intramuscular and intraosseous LTPI administered in the L4-51 region
and in the posterior superior iliac spine (PSIS) after treatment and during four months
of follow-up.

2. Materials and Methods
2.1. Study Design and Population

In this randomized single-center clinical trial, we observed 224 patients with persisting
severe lumbar region pain and neurogenic claudication after lumbar spine decompres-
sion surgery (postlaminectomy syndrome, not elsewhere classified), ICD-10-CM code:
M96.1 [45].

2.1.1. Inclusion and Exclusion Criteria
Inclusion criteria in the study:

1. european;
2. adult men and women from 40 to 60 years old;
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3. residual pain syndrome is older than 6 months but less than 3 years after DLSS
decompression surgery;

4. localization of the maximum pain syndrome in the lumbosacral joint;

5.  the severity of residual pain on the visual analog scale (VAS) is 6 scores and higher;

6. DLSS decompression surgery was completed without complications and without
significant negative dynamics, according to magnetic resonance imaging (MRI) and
electroneuromyography (ENMG) data.;

7.  signed voluntary informed consent to participate in this study.

Exclusion criteria in the study:

presence of allergic reactions to any of the drugs used

severely cognitive disorders;

foraminal and lateral location of spinal canal stenosis and severe narrowing on MRI;
distal polyneuropathy of the peroneal and tibial nerves according to electroneuromyography;
ankylosing spondylitis;

rheumatoid diseases;

atherosclerotic peripheral arterial disease of the lower extremities;

muscular dystrophies of the lower extremities;

motor deficit;

bladder and bowel dysfunction;

diabetes mellitus;

pregnancy;

undergoing physiotherapy or acupuncture treatment.

PNANA L=

e e e Y V)
PN =o

2.1.2. Informed Consent and Approval of the Local Medical Ethics Committee

After an explanation of the medical condition, the purpose and benefits of the test,
procedure, or treatment, and a description of the proposed test, procedure, or treatment, in-
cluding possible complications or adverse events, all patients signed a voluntary Informed
Consent in Research and Clinical Care.

The study protocol was approved by the local medical ethical committee of the Peoples’
Friendship University of Russia (protocol No. 130, 5 December 2022). All procedures were
in accordance with the 1984 Declaration of Helsinki and its subsequent amendments. All
patients read the above article in its entirety, including text, figures, and supplementary
material, and consented to its publication.

There is no compensation for participation in this study. The researchers were not
compensated for their work. The study was conducted within the framework of the
research program of the Department of Physiotherapy, Faculty of Continuing Medical
Education, the Peoples’ Friendship University of Russia.

2.1.3. Distribution of Patients in Groups

The study included 224 patients (114 women, 110 men) with severe low back pain
that persisted after DLSS decompression surgery. 112 of these patients were excluded.
This is because 52 patients did not meet the inclusion criteria, and 60 patients refused
further participation.

112 patients (female—57, male—55) meeting all inclusion criteria were randomized in
a 1:1:1:1:1 ratio. 9 patients discontinued participation due to withdrawal of consent, loss of
follow-up, and allergic reaction to one of the used drugs.

As a result, the number of patients completing treatment was reduced to 103 patients.
(female—53, male—50). However, during the follow-up period, four patients were ex-
cluded because three patients were lost to follow-up and one patient underwent repeated
decompression surgery. Thus, 99 patients (F: 50, M: 49) were followed up for 4 months
after treatment. The control group included 21 patients who received only standard phar-
macotherapy. Half of the LTPI group additional to standard pharmacotherapy underwent
intramuscular LTPI in PSIS (n = 19) and in the paravertebral L4-51 region (n = 20) on the
side of the pain syndrome. The second half, in addition to standard pharmacotherapy, com-
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pleted the course of intraosseous LTPI in PSIS (n = 19), and 20 patients after bilateral DLSS
decompression via unilateral laminotomy underwent intraosseous LTPI in the spinous
process of L5 or S1 (Figure 1).
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Figure 1. Flow chart of study population selection. Notes: LTPI: Lidocaine trigger point injection;
L4-S1—parvertebral space between the fourth lumbar and first sacral vertebrae; PSIS—posterior
superior iliac spine; S1—first sacral vertebra; L5—fifth lumbar vertebra.

2.1.4. Demographic and Clinical Characteristics of the Participants

Demographic data and clinical characteristics of the patients are summarized in Table 1.
The age of the patients ranged from 42 to 59 years and averaged 53.4 & 4.98 years. The
male-to-female ratio of the study participants, control group, and all LTPI subgroups
was 1:1. In all patients, the duration of low back pain ranged from 6 to 35 months and
averaged 21.6 + 7.84 months. On a 10-point visual analogue scale, the severity of low
back pain was assessed from 6 to 10 points with an average score of 7.82 £ 1.20 points.
Between groups differences in patient’s number, age, gender ratio, disease duration after
DLSS decompression surgery, and severity of low back pain assessed by VAS were not
statistically significant (p-value > 0.05).
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Table 1. Demographic and clinical characteristics of the participants.
LTPI Group
Control Intramuscular Intramuscular Intraosseous Intraosseous
Group LTPI LTPI LTPI LTPI
PSIS L4-S1 PSIS In L5, S1 P
Subgroup Subgroup Subgroup Subgroup
No 21 20 21 21 20
Age (years) 53.0 £5.12 53.3 £4.80 54.1 +4.90 53.2 £4.98 53.7 £5.18 p>0.05
Gender (female:male) 10:10 10:9 10:10 10:10 10:10 p>0.05
Disease duration after DLSS 2244820 202 +7.37 2144770 21.9 + 7.84 22.0 +8.08 p>005
decompression surgery (months)

Pain by 10-point VAS 7.86 + 1.15 7.78 +1.22 7.95 +1.18 7.69 +1.20 7.80 +1.25 p>005

Note: LTPI— lidocaine trigger point injection; PSIS—posterior superior iliac spine; L5-S1—parvertebral space
between the fifth lumbar and first sacral vertebrae; S1—first sacral vertebra; L5—fifth lumbar vertebra; DLSS—
degenerative lumbar spinal stenosis; VAS—visual analogue scale; p—level of marginal significance, Mean £ SEM.

2.2. Sample Size Calculation

To determine the minimum number of subjects in each group, we used the sample
size calculator at https://clincalc.com/stats/samplesize.aspx site (accessed on 5 January
2023). A literature search revealed that a previous study compared the effectiveness of
intraosseous blockade and intramuscular blockade in the treatment of patients with severe
low back pain [38]. The results of this study showed that the severity of pain according
to VAS (M = SD) decreased after the use of intraosseous blockade from 7.9 £ 1.1 points
to 2.1 £ 1.3 points and was lower than after interstitial blockade by 53.3%. Therefore,
according to the sample size calculation, the minimum number of patients in each group
with a power value of 95%, the probability of a type-I error of 0.01, and the expected
significance level (p-value) of 0.05 should be 9 patients or more.

2.3. Clinical Examinations and Diagnostics

A neurological examination was performed by a board-certified neurologist blinded to
participant status. Neurological data were recorded in a standardized form, indicating the
presence or absence of abnormalities. Anamnesis and physical and laboratory examination
were studied in detail. Mental pathology, cranial nerve abnormalities, cerebellar and gait
disorders, motor deficits, changes in reflexes, development of pathological reflexes, and
the presence of negative and positive sensory symptoms were examined. A neurological
examination was carried out before treatment, 7 days after completion of treatment, and at
the end of the second and fourth months of the follow-up period.

2.3.1. Pain Assessment

The visual analog scale (VAS) has long been used to assess pain for clinical and research
purposes. It was first used in 1921 by Hayes and Patterson. A simple method is based on
determining the subjective pain syndrome along a vertical or horizontal line consisting of
11 points with even distances, which corresponds to an 11-point scale from 0 (no pain) to
10 (unbearable pain). VAS is widely used due to its simplicity, rapidity of determination,
and ability to adapt to a wide range of populations and settings. Except that the VAS is
more sensitive to small changes than simple descriptive ordinal scales that rate symptoms,
for example, as mild or mild, moderate or severe, or intolerable.

2.3.2. Assessment of Impaired Tactile Sensation in L5 and S1 Dermatomes

Tactile sensation was assessed in L5 and S1 dermatomes compared with tactile sen-
sitivity on the thigh. Patients objectively assessed the tactile sensation of the L5 and S1
dermatomes of the foot and lower leg on a 5-point scale in comparison with sensation at
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the level of the anterior thigh. The evaluation used a Touch Test filament of 6.65 g. When
the score is 0, there is no sensation; with a score of 5, tactile sensation is normal.

2.3.3. Assessment of Neurogenic Claudication

Neurogenic claudication was assessed using the Zurich Claudication Questionnaire
(ZCQ). ZCQ is a dedicated DLSS assessment tool. Many studies have demonstrated the ac-
curacy, specificity, validity, and reliability of the ZCQ in measuring neurogenic claudication
and walking capacity in patients with DLSS. This questionnaire measures symptoms and
limitations in physical activity within the prior month and includes 12 questions related
to three components (scales). The first scale is designed to measure the severity of symp-
toms, and the second scale is designed to measure functional disability caused by spinal
stenosis [46].

The first scale (symptom severity) encompasses seven questions related to back and
lower extremity symptoms such as pain, numbness, weakness, and imbalance. There are
two domains: pain (questions 1-4) and neuroischemic domain (questions 5-7). Each of the
seven questions is rated on a scale of 1 to 5, with 1 indicating no symptom and 5 indicating
very severe occurrences of symptom. The second scale (functional disability) consists of
five questions (8-12) and is intended primarily to assess walking capacity. Each question
is rated on a scale from 1 to 4, with 1 indicating no impairment and 4 indicating greater
disability [47,48].

2.3.4. Step Activity Monitoring

Using a pedometer, the distance and the number of steps walked per day were
determined. According to USA Centers for Disease Control and Prevention guidelines,
the typical average number of steps for most adults is 5000 steps per day, which in most
cases is equivalent to about 4 km or 2.5 miles. Many studies have shown that 80 percent of
daily steps among less active people have light intensity. Because of this, and to encourage
people to increase their amount of moderate to vigorous physical activity, most pedometers
set a goal of 10,000 steps per day [49].

2.3.5. Quality of Life Enjoyment and Satisfaction

The degree of pleasure and satisfaction experienced by patients during the last week
in various areas of daily activities was measured using the Quality of Life Enjoyment
and Satisfaction Questionnaire (Q-LES-Q-SF). Comprehensive enjoyment and satisfaction
with physical health, mood, work, household and leisure activities, social and family
relationships, daily functioning, sexual desire, economic status, vision in terms of ability to
do work or hobbies, ability to move physically, well-being, treatment, and life contentment
were assessed by the patients themselves in 16 items on a 5-point scale. The minimal
total score is 16 and the maximal is 80. Total score is expressed as a percentage of the
maximum total score across all items (0-100). The lower the score, the less pleasure and
satisfaction with life. In many studies, a result of 70% is considered the normal threshold of
life enjoyment and satisfaction [50,51].

2.3.6. Laboratory Examination

All patients underwent laboratory examination to assess the level of these indicators:
complete blood count with erythrocyte sedimentation rate, rheumatoid factor, IgM, anti-
cyclic citrullinated peptide antibodies, C-reactive protein, anti-nuclear antibodies, anti-
double-stranded DNA, complements C3 and C4, serum uric acid, serum folate, vitamin
B12, 25-hydroxy vitamin D, HbA1, and creatine kinase.

2.3.7. Electroneuromyography Tests

Sensory and motor conduction velocities of the peroneal and tibial nerves were de-
tected bilaterally and F waves in response to tibial nerve stimulation before treatment and
at the end of the second month of follow-up.
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2.3.8. Magnetic Resonance Imaging Founds

All patients were examined on MRI scanners with a power of 1.5 Tesla or more before
surgery, before pharmacotherapy and LTPI treatment, and 4 months after treatment.

2.4. Treatment
2.4.1. Pharmacotherapy

All patients underwent a course of therapy using the drugs Etoricoxib 90 mg for
10 days, Tolperisone hydrochloride 150 mg 2 times a day for 15 days, B1, B6, B12 complex
vitamins (2.0 mL milgamma) intramuscularly for 5 days, Gabapentin 300 mg 3 times a day
for 3 months, and Voltaren gel 2 times a day for 15 days.

2.4.2. Identification of Trigger Points for Injection

The term “trigger point” is often used in the literature to describe myofascial points. In
many definitions, it is indicated as pathological changes in muscles, similar to a hypersensi-
tive bundle or nodule of muscle fiber of harder than normal consistency in patients with
myofascial pain syndrome [52]. In our work, as a trigger point, we took those points that
are very painful and irritable on palpation and that cause reflex spasms in the surrounding
muscles, which can be radiated along the spinal column, or the sciatic nerve, towards the
zone of reference in addition to the development of recognizable pain (the most acute
pain that the patient experiences when moving). We defined trigger points at the levels
L4-L5, L5-51, and in the PSIS projection. For the first time, we identified trigger points
in bone tissue. To do this, we palpated the most painful spinous processes and the most
painful bony areas in the PSIS projection. We have carefully differentiated “Trigger Points”
from “Tender Points”. which are sometimes mistaken for synonyms. In fact, tender points
indicate a focal pain directly under the area of palpation, but do not cause referred pain [35].

2.4.3. Intramuscular Lidocaine Trigger Point Injection in L4-51

Trigger point injection in L4-51 is a procedure for relieving pain and muscle tension in
paravertebral trigger points by injecting 2%—4 mL of lidocaine. The procedure takes about
30 min, is performed on an outpatient basis, and does not require special preparation from
the patient. Using palpation, the most painful points are determined at the L4-51 level,
which are most often located within 1-2.5 cm lateral to L4-L5 and L5-S intervals. In this area,
an intramuscular needle can be inserted into the multifidus and erector spinae muscles [53].
After treating the skin with an antiseptic solution, the medication is administered, followed
by the application of an aseptic dressing. Procedures were carried out 5 times with a time
interval between procedures of 3 days (Figure 2).

2.4.4. Intramuscular Lidocaine Trigger Point Injection in PSIS

Trigger point injection in PSIS is a procedure for relieving pain and muscle tension
in the PSIS projection by administering 2%—4 mL of lidocaine. The procedure takes about
30 min, is performed on an outpatient basis, and does not require special preparation from
the patient. Using palpation, the most painful points above the projection of the PSIS
are determined. In this zone, the muscle fibers of the multifidus spinal muscle (musculi
multifidi), extending from the medial surface of the PSIS, and the muscle fibers of the
gluteus maximus muscle, extending from the lateral-posterior surface of the PSIS are
located [54]. It should be noted that according to our ultrasound observations and reports
of other authors based on their cadaveric and MRI data, it was established that the origin
of the gluteus maximus muscle extends to the medial surface of the PSIS and the sacral
spinous processes. Moreover, in these studies, 81 = 11% of the area between the midline
and the PSIS was occupied by the gluteus maximus [55,56].

After treating the skin with an antiseptic solution, the medication is administered,
followed by the application of an aseptic dressing. Procedures were carried out 5 times
with a time interval between procedures of 3 days (Figure 2).
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Figure 2. Localization of lidocaine trigger point injection. Notes: PSIS: posterior superior iliac spine;
S1: first sacral vertebra; L5: fifth lumbar vertebra; L4: fourth lumbar vertebra; Line 1: Line between
iliac crests (intercristal line); Line 2: Line between PSIS; Line 3: edge of sacrum; Line 4: posterior
midline; Line 5: paravertebral line; Red points: localization of intramuscular and intraosseous
lidocaine trigger point injections in PSIS; Blue points: localization of intraosseous lidocaine trigger
point injections in spinous processes L5 and S1; Yellow points: localization of intramuscular lidocaine
trigger point injections in L4—L5 and L5-S paravertebral intervals.

2.4.5. Intraosseous Lidocaine Trigger Point Injection in Spinous Process L5 and S1

Intraosseous LTPI in the spinous process of L5 or S1 is a highly effective analgesic
procedure using intraosseous injection of an anesthetic into the spongy substance of the
L5 or S1 vertebra. The projection of the spinous process is determined by palpation. After
treating the skin with an antiseptic solution, a needle with a mandrel is inserted with
a screwing motion perpendicularly into the bone until the spongy substance is reached.
Confirmation of the presence of a needle in the spongy substance is bone marrow aspiration.
Approximately 2 mL of blood is mixed with medication and injected slowly. The procedure
is followed by the application of an aseptic dressing. Procedures were carried out 5 times
with a time interval between procedures of 3 days (Figure 2). In difficult cases (obesity,
spinal deformity, keloid, and hypertrophic scars), intraosseous ultrasound-guided injection
was used.

2.4.6. Intraosseous Lidocaine Trigger Point Injection in PSIS

Intraosseous LTPI in PSIS is a highly effective analgesic procedure using intraosseous
injection of an anesthetic into the spongy substance of PSIS. The projection of the PSIS is
determined by palpation. After treating the skin with an antiseptic solution, a needle with a
mandrel is inserted with a screwing motion perpendicularly into the bone until the spongy
substance is reached. Confirmation of the position of a needle in the spongy substance is
bone marrow aspiration. Approximately 2 mL of blood is mixed with the drug mixture
and injected slowly. The procedure is followed by the application of an aseptic dressing.
Procedures were carried out 5 times with a time interval between procedures of 3 days.
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In difficult cases (obesity, spinal deformity, keloid, and hypertrophic scars), intraosseous
ultrasound guided injection was used (Figures 2 and 3).

A W PR

Figure 3. Ultrasound-guided intraosseous lidocaine trigger point injection technique. Notes: PSIS:
posterior superior iliac spine; 1: epidermis/dermis; 2: subcutaneous tissue; 3: superior muscle fascia;
4: gluteus maximus; 5: periosteum; 6: spongey substance.

2.5. Statistical Analysis

In our study, we used SPSS software for Windows (version 20) to process data analysis.
Mean (M), standard deviation (SD), and standard error of the mean (SEM) of the partici-
pants’ characteristics were calculated. For normality determination, the Shapiro-Wilk test
was used and for testing quality of variances, Levene’s test was used. By multivariate
NOVA test, differences between the three groups were tested statistically. The Bonferroni
correction test was applied to reduce the chances of obtaining false-positive results (type
I errors). An independent group t test was used to compare means of the same variable
between two groups. The p value was set at 0.05.

3. Result
3.1. Clinical Examination

Before treatment, no symptoms of mental or cognitive disorders were identified in all
examined patients. Eye movements were symmetrical within normal limits, and there was
no nystagmus. No voice or swallowing disorders were found. There were no motor deficits
and no bladder and bowel dysfunction. Pathological reflexes were not elicited. No gait
or coordination disturbances were observed. However, other neurological disorders have
been identified as pain, paresthesia, bilateral or unilateral sensory deficit in the L5 and/or
S root innervation zone, and neurological claudication. There were no side effects after the
use of pharmacotherapy and intramuscular and intraosseous LTPI treatment in our study.

3.2. Pain Syndrome

Before treatment, pain syndrome on the VAS scale had a high level in all groups and
averaged 7.2 & 0.11 points, with no significant differences between the groups.

After treatment, the reduction in pain was more than two times greater in the LTPI
group compared to the control group and averaged 61.5% (t = 12.3, p = 0.001). In the
long-term period, pain was lower in the LTPI group than in the control group by 38%
(t=5.42, p =0.001) at the end of the second month of follow-up period and by 31% (t = 3.43,
p = 0.001) at the end of the fourth month of follow-up period (Figure 4).
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Figure 4. Dynamics of pain syndrome after treatment and in the follow-up period in the control
group and lidocaine trigger point injections subgroups. Notes: LTPI: lidocaine trigger point injection;
S1: spinous process of the first sacral vertebra; L5: spinous process of the fifth lumbar vertebra; L4-5S1:
paravertebral intervals between L4-L5 and L5-5S1; PSIS: posterior superior iliac spine; # p < 0.01;
*p <0.05.

Intraosseous LTPI had a superior analgesic effect compared with intramuscular LTPI
by 57.1% (t = 5.18, p = 0.001) after treatment, and this advantage was maintained at second
and fourth months of follow-up by 44.2% (t = 4.94, p = 0.0001) and 20.7% (t = 2.35, p = 0.02),
respectively. In addition, it was found that the analgesic effect of intraosseous LTPI in
PSIS was higher than in the spinous process of L5 and S1 by 50% (t = 4.69, p = 0.0001). It
was also found that intramuscular LTPI in PSIS had a greater analgesic effect compared
to intramuscular LTPI in the L4-51 region by 20% (t = 2.47, p = 0.02). In the long-term
period, the pain symptom at the end of the second and fourth months of follow-up period
remains superior after intraosseous LTPI in PSIS compared to intraosseous LTPI in L5
and S1 by 39.4% (t = 4.59, p = 0.0001) and 16.7% (t = 2.8, p = 0.007), respectively, and after
intramuscular LTPI in PSIS compared to intramuscular LTPI in the L4-S1 area by 15.9%
(t=2.47,p=0.02) and 5.6% (t = 1.1, p = 0.3), respectively. The analgesic effect of LTPI in the
PSIS and spinous process of L5 and S1 was higher when using the intraosseous method
compared to the intramuscular method after treatment by 68.6% (t = 8.40, p = 0.0001) and
47.6% (t =7.01, p = 0.001), respectively, and at the end of the second month of observation
by 54.5 (t = 8.04, p = 0.0001) and 35% (t = 6.30, p = 0.0001), respectively, and at the end of the
fourth month of observation by 25.9% (t = 4.90, p = 0.0001) and 15.8% (t = 3.18, p = 0.003),
respectively (Figure 5).

3.3. Sensory Deficit in L5 and S1 Dermatomes in Foot and Leg

Before treatment, tactile sensations were reduced in all patients compared to unaffected
dermatomes L1-L2 on the thigh. A decrease in tactile perception was expressed in the
area of innervation of the L5 and/or S1 root. In 76% of cases (n = 85), hyposthesia was
bilateral. Using a 5-point scale, patients subjectively assessed the level of sensation in
the L5 and S1 dermatomes compared to the unaffected L1-L2 dermatomes on the thigh.
When two dermatomes L5 and S1 were affected on two limbs, the average value of L5
and S1 hyposthesia on the limb with more pronounced changes was taken into statistical
processing. Tactile sensation in the L5 and S1 dermatomes varied from 1 to 4 points and
averaged 2.1 & 0.08 with no significant differences between groups.

After treatment, a decrease in hypoesthesia was observed in the LTPI group but not
in the control group. The recovery of tactile sensation averaged 51.7% (t = 4.80, p = 0.001).
This result had a prolonged effect with a decreasing trend in the long term. However, the
improvement in tactile sensation remained at the level of 52.9% (t = 4.90, p = 0.001) at the
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end of the second month of follow-up period and 25.9% (t = 2.14, p = 0.04) at the end of
the fourth month of follow-up period (Figure 6). It is noteworthy that the improvement
in tactile sensation was more pronounced after the use of intraosseous LTPI compared
with intramuscular LTPI after treatment at the end of the second and fourth months of the
follow-up period by 26.3% (t = 3.35, p = 0.002), 24.1% (t = 2.65, p = 0.01), and 22.9% (t = 2.46,
p = 0.02), respectively. When comparing methods of LTPI treatment with each other after
treatment and in the follow-up period, a greater effectiveness of intraosseous LTPI in PSIS
was found compared to intraosseous LTPI in the spinous process of S1 by an average of
37.3% (t = 3.20, p = 0.003) and intramuscular LTPI in PSIS compared with intramuscular
LTPI in L5-S1 on average by 21.3% (t = 2.20, p = 0.03) (Figure 7).

Efficacy of intraosseous LTPI Efficacy of intraosseous LTPI
in 15,51 comparedto in PSIS comparedto
intramuscular LTPI in L4-S1 intramuscular LTPI in PSIS

After treatment After treatment

2 months of follow-up 2 months of follow-up

4 months of follow-up 4 months of follow-up

0,
(o
0 10 20 30 40 50

Efficacy of intraosseousLTPlin Efficacy of intramuscular LTPI
PSIS comparedto intraosseous in PSIS comparedto
LTPI in L5, 51 intramuscularLTPlin L4-51

After treatment After treatment

2 months of follow-up 2 months of follow-up

4 months of follow-up 4 months of follow-up

%
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Figure 5. Comparative analysis between LTPI subgroups on the effectiveness of analgesic effects after
treatment and in the follow-up period. LTPI: lidocaine trigger point injection; S1: spinous process
of the first sacral vertebra; L5: spinous process of the fifth lumbar vertebra; L4-S1: paravertebral
intervals between L4-L5 and L5-51; PSIS: posterior superior iliac spine; #: p < 0.01; *: p < 0.05.
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Figure 6. Dynamics of tactile sensation after treatment and in the follow-up period in observation
groups. LTPI: lidocaine trigger point injection; S1: spinous process of the first sacral vertebra; L5:
spinous process of the fifth lumbar vertebra; L4-S1: paravertebral intervals between L4-L5 and L5-51;
PSIS: posterior superior iliac spine.
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Figure 7. Comparative analysis between LTPI groups on the effectiveness of sensory recovery after
treatment and in the follow-up period. LTPI: lidocaine trigger point injection; S1: spinous process
of the first sacral vertebra; L5: spinous process of the fifth lumbar vertebra; L4-5S1: paravertebral
intervals between L4-L5 and L5-S1; PSIS: posterior superior iliac spine; # p < 0.01; * p < 0.05.

3.4. Zurich Claudication Questionnaire (ZCQ)

Before treatment, the severity of unpleasant symptoms that develop when walking,
such as pain, numbness, weakness, and imbalance (symptom severity), assessed using
the ZCO questionnaire, averaged 3.42 &+ 0.12 points, and the ability to walk (functional
disability)—averaged 2.56. &= 0.11 points. The average values in the control group and LTPI
subgroups did not differ significantly from each other (Table 2).

Table 2. Assessment of neurogenic claudication using the Zurich Claudication Questionnaire before
and after treatment in the observed groups.

After 2 Months of 4 Months of

Before Treatment Treatment Follow-up Period Follow-up Period

Symptom severity

Control group 3.4+0.18 3.3+0.18 3.3+0.19 3.4+0.19
Intramuscular LTPI in L4-S1 34+0.19 3.0+0.22 31+0.21 3.3+0.18
Intramuscular LTPI in PSIS 3.5£0.17 2.8 £0.18 29+£0.18 3.0£0.19
Intraosseous LTPI in L5, S1 3.4+0.19 24+021 25+0.19 2.8+0.20
Intraosseous LTPI in PSIS 34+0.19 14 £0.17 1.7 £0.19 22+0.19
Functional disability

Control group 2.6+0.17 25+0.19 2.7 £0.19 2.7+0.17
Intramuscular LTPI in L4-S1 25+0.16 21+017 23+0.17 25 +0.16
Intramuscular LTPI in PSIS 2.6 £0.18 1.8 +0.17 1.9 +0.17 22+£0.18
Intraosseous LTPI in L5, S1 2.6+0.16 14+0.14 1.6 £0.14 19+0.15
Intraosseous LTPI in PSIS 25+0.17 1.0+0.15 1.1+0.15 14 +0.16

Note: LTPI: lidocaine trigger point injection; S1: spinous process of the first sacral vertebra; L5: spinous process
of the fifth lumbar vertebra; L4-S1: paravertebral intervals between L4-L5 and L5-51; PSIS: posterior superior
iliac spine.

After treatment, a decrease in the severity of symptoms and functional disability was
recorded only in the LTPI group by 30% (t = 3.18, p = 0.003) and 38.2% (t = 3.18, p = 0.003),
respectively, which remained at the level of 29% (t = 2.90, p = 0.006) at the end of the
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second month of follow-up period and 21.4% (t = 2.20, p = 0.03) at the end of the fourth
month of follow-up period. In the control group after treatment, no significant changes
were registered.

A comparative analysis of LTPI subgroups shows that intraosseous LTPI can provide
a greater reduction in the symptoms severity and functional disability than intramuscular
LTPI after treatment by 36.4% (t = 3.53, p = 0.001), and at the end of the second and fourth
months of the follow-up period by 32.9% (t = 3.18, p = 0.003) and 21.8% (t = 2.22, p = 0.03)
accordingly (Figure 8).

Efficacy of intraosseous LTPI in L5, S1
compared to intramuscular LTPI in
L4-S1

Efficacy of intraosseous LTPI in PSIS
compared to intramuscular LTPI in
PSIS

#
*- - [ #
il

After 2monthsof 4 months of After 2 months of 4 months of
treatment follow-up follow-up treatment follow-up follow-up

o Efficacy of intraosseous LTPI in PSIS Efficacy of intramuscular LTPI in
50 compared to intraosseous LTPI in L5, PSIS compared to intramuscular
il s1 , LTPI in L4-51

#

* .

After 2months of 4 months of After 2months of 4 months of
treatment follow-up follow-up treatment follow-up follow-up

Symptom severity Functional disability

Figure 8. Comparative analysis between LTPI subgroups on the effectiveness of reducing neurogenic
classification using the Zurich claudication questionnaire after treatment and in the follow-up period.
LTPI: lidocaine trigger point injection; S1: spinous process of the first sacral vertebra; L5: spinous
process of the fifth lumbar vertebra; L4-S1: paravertebral intervals between L4-L5 and L5-51; PSIS:
posterior superior iliac spine; # p < 0.01; * p < 0.05. Blue # and * indicate significance in symptom
severity, and orange # and * indicate significance in functional disability.

Intraosseous LTPI in PSIS has been shown to be effective in reducing claudication
disorders compared with intraosseous LTPI in L5 and S1 by 35.1% (t = 3.71, p = 0.0006) after
treatment and by 31.6% (t = 2.97, p = 0.005) and 23.9% (t = 2.22, p = 0.03) at the end of the
second and fourth months of follow-up.

The effectiveness of intramuscular LTPI in PSIS and L4-51 in improving walking did
not differ significantly from each other either at post-treatment or during follow-up.

The use of intraosseous LTPI in PSIS was more effective than the use of intramuscular
LTPI in PSIS by 47.2% (t = 5.20, p = 0.0001) after treatment and by 41.7 (t = 4.45, p = 0.0001)
and 31.5% (t = 2.97, p = 0.005) in the second and fourth months of observation. Also, the use
of intraosseous LTPI in L5 and S1 provided greater improvement in walking compared to
intramuscular LTPI in the L5-5S1 region by 26.7% (t = 2.22, p = 0.03) after treatment, which
remained at 24.9% (t = 2.06, p = 0.045) at the second month of the follow-up period. At the
end of the fourth month of follow-up, significant improvements in walking did not differ
between subgroups.

3.5. Step Activity Monitoring

Before treatment, the number of steps per day decreased in the control and LTPI
subgroups to 2538 + 75 steps. The difference between step activity in the control and LTPI
subgroups was not significant (Figure 9).



J. Clin. Med. 2024, 13, 5437

15 of 28

Steps

. 2-nd month of follow up period

I #th month of follow up period

i

p
1
0

[T |

Intramuscular LTPI Intramuscular LTPI Intraosseous LTPI Intraosseous LTPI

Eenticlziern) in L4-51 in PSIS in L5, S1 in PSIS

Figure 9. Step activity monitoring of patients in the control group and LTPI subgroups after treatment
and in the follow-up period. LTPI lidocaine trigger point injection; S1: spinous process of the first
sacral vertebra; L5: spinous process of the fifth lumbar vertebra; L4-S1: paravertebral intervals
between L4-L5 and L5-S1; PSIS: posterior superior iliac spine.

After treatment, there was an improvement in the step activity of patients after LTPI
by 54.3% (t = 10.4, p = 0.0001) and after treatment without LTPI by 20.4% (t = 3.50, p = 0.001).
A more pronounced improvement was noted in patients who underwent a course of
intraosseous LTPI, compared with patients after intramuscular LTPI, which amounted to
28.9% (t =4.70, p = 0.0001) after treatment and at the end of the second and fourth months
of observation—28.8% (t = 5.96, p = 0.0001) and 23.4% (t = 4.37, p = 0.0001), respectively.
Intraosseous LTPI in PSIS increases step activity after treatment compared to intramuscular
LTPI in PSIS by more than 26% (t = 6.50, p = 0.0001), and intraosseous LTPI in L5 and
S1 compared with intramuscular LTPI in the L5-5S1 region by 32% (t = 6.50, p = 0.001).
Intraosseous LTPI in PSIS was more effective in increasing step activity compared to
intraosseous LTPI in L5 and S1 by 18.7% (t = 4.30, p = 0.0001) after treatment, with this
effect maintained to 17.6% (t = 3.70, p = 0.0005) and 16.7% (t = 3.50, p = 0.001) at the end
of the second and fourth months of follow-up. We also recorded a significant difference
in the effectiveness of intramuscular LTPI in PSIS compared with intramuscular LTPI in
the L5-51 region, which was 24.9% (t = 4.20, p = 0.0001) after treatment and 22.7% (t = 3.79,
p =0.0005) and 12.7% (t = 2.10, p = 0.04) at the end of the second and fourth months of the
follow-up (Figure 10).

intramuscular LTPI in L4-S1

Figure 10. Comparative analysis between LTPI subgroups on the effectiveness of improving daily
step activity after treatment and in the follow-up period. LTPI: lidocaine trigger point injection; S1:
spinous process of the first sacral vertebra; L5: spinous process of the fifth lumbar vertebra; L4-5S1:
paravertebral intervals between L4-L5 and L5-51; PSIS: posterior superior iliac spine.
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3.6. Quality of Life Enjoyment and Satisfaction

The degree of pleasure and satisfaction assessed before treatment using the Q-LES-Q-
SF scale was low in all patients and averaged 45.8 &= 0.56%. No significant differences were
recorded between groups (Figure 11).

Control group

Intramuscular LTPI in L4-S1
—— Intramuscular LTPI in PSIS
——Intraosseous LTPlin L5, S1

Intraosseous LTPlin PSIS

Before treatment After treatment 2-nd month of follow up period  4-th month of follow up period

Figure 11. Dynamics of quality of life, determined using the quality of life enjoyment and satisfaction
scale after treatment and during the follow-up period in all observed groups. LTPI: lidocaine trigger
point injection; S1: spinous process of the first sacral vertebra; L5: spinous process of the fifth
lumbar vertebra; L4-S1: paravertebral intervals between L4-L5 and L5-51; PSIS: posterior superior
iliac spine.

After treatment, the quality of life in LTPI subgroups was higher than in the control
group by 28.6% (t = 8.57, p = 0.0001), maintaining this improvement at 27% (t = 7.20,
p =0.0001) and 22.8% (t = 4.45, p = 0.0001) until the end of the second and fourth months
of the follow-up period. In accordance with the results obtained above, intraosseous LTPI
increased the level of quality of life by 24.5% higher compared to intramuscular LTPI.
Accordingly, intraosseous LTPI in PSIS was more effective in improving the quality of life
compared to intramuscular LTPI in PSIS by 25.8% (t = 3.81, p = 0.0005) and intraosseous
LTPIin L5 and S1 compared with intramuscular LTPI in the L4-51 region by 23.1% (t = 3.39,
p = 0.002). It is noteworthy that the improvement in quality of life had a prolonged effect,
lasting at least four months, exceeding the pre-treatment baseline level by 25.5% (t = 3.82,
p = 0.0005).

It was found that the quality of life after intraosseous LTPI in PSIS was superior to
LTPIin the L5 and S1 by 14.1% (t = 2.54, p = 0.015), which remained at 14% (t = 2.26, p = 0.03)
at the end of follow-up. No significant differences were found between intramuscular LTPI
in the PSIS and the L4-51 region after treatment (t = 1.67, p = 0.09). However, at the end of
second-month follow-up, the quality of life of patients who underwent intramuscular LTPI
in PSIS was 14% (t = 2.06, p = 0.045) higher (Figure 12).

3.7. Electroneuromyography Findings

Our study did not include patients whose ENMG revealed signs of severe distal
polyneuropathy or damage to the peroneal nerve in the peroneal canal or the tibial nerve
in the tarsal canal. In 43.4% (n = 49) of patients, the amplitude of compound muscle action
potential (CMAP) of the peroneal nerve at the active point of extensor digitorum brevis
muscle decreased by an average of 41%. In most cases (78%, n = 38), these changes were
unilateral, and in 92% (n = 45), they were detected on the side of maximum pain irradiation.
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A decrease in the CMAP amplitude at the active point of the tibialis anterior muscle in
response to peroneal nerve stimulation was registered in only 5 patients.

intramuscular LTP1in L5-51
0intraosseous LTPlin L5, S1

After treatment 2-nd month of follow up period 4-th month of follow up period

Figure 12. Comparative analysis between LTPI subgroups on the effectiveness of improving qual-
ity of life after treatment and in the follow-up period. LTPI: lidocaine trigger point injection; S1:
spinous process of the first sacral vertebra; L5: spinous process of the fifth lumbar vertebra; L4-S1:
paravertebral intervals between L4-L5 and L5-51; PSIS: posterior superior iliac spine; #: p < 0.01;
*p < 0.05.

Other electroneuromyography abnormalities have been found by examining the F-
wave response to tibial nerve stimulation. These changes were recorded in 94% (n = 105) of
patients and consisted of a loss and decrease in the amplitudes of responses, an increase
in latency of responses with prolongation of F-wave duration, and the registration of
repeated responses (temporal dispersion). In 89% (n = 93) of cases, F-wave abnormalities
were recorded bilaterally with a large deviation from the norm on the side of maximum
irradiation of pain. In 95% of cases (n = 100), F waves were recorded accompanied by
A waves.

After treatment, the characteristics and values of ENMG improved only in 14% (1 = 6)
of patients who underwent a course of intramuscular LTPI and in 27% (n = 12) of patients
after intraosseous LTPI. However, these changes are moderate in nature and have various
aspects, such as increased CMAP amplitude, increased F-response amplitude, reduced tem-
poral dispersion of F-wave, and decreased multiple A-waves, which cannot be compared
collectively and are not reliable if compared separately.

3.8. Magnetic Resonance Imaging Examination

All patients included in this study had central lumbar spinal stenosis, predominantly
at the L4-S1 level, as this was specified in the inclusion criteria. Characteristic features
of central lumbar canal stenosis are observed on sagittal images, such as a smoothly
defined waist or hourglass shape, and on axial images, such as a trefoil or circumferentially
narrowed nerve canal. The severity of spinal stenosis was absence or mild, with a narrowing
of the spinal canal and no more than 1/3 of the space available for neural elements [57]. In
almost all patients, MRI revealed various bone abnormalities associated with lumbar canal
stenosis, such as spondylolysis, spondylolisthesis, end plate irregularities, sclerosis, facet
joint osteoarthritis, articular process hypertrophy, vacuum phenomenon of discs and joints,
as well as subchondral and synovial cysts.

Correlation analysis between the severity of spinal canal stenosis, determined using
MR, and the severity of pain, sensory deficit, step activity, and quality of life revealed a
weak correlation between morphological and clinical changes in the examined patients
(Figure 13).
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Figure 13. Coefficient correlation between the severity of spinal stenosis, determined by MRI and
pain on the visual analogue scale, sensory deficit of L4-S1 dermatomes on a 5-point scale, severity
of claudication by the Zurich claudication questionnaire, step activity, and the quality of life by
quality of life enjoyment and satisfaction scale in the examined patients up to pharmacotherapy and
LTPI treatment. Notes: LTPI: lidocaine trigger point injection; S1: spinous process of the first sacral
vertebra; L5: spinous process of the fifth lumbar vertebra; L4-S1: paravertebral intervals between
L4-L5 and L5-S1; PSIS: posterior superior iliac spine.

In many cases, highly effective postoperative decompression of the spinal canal was
not accompanied by a sufficient improvement in the clinical status of patients, regardless
of the type of surgical intervention (Figures 14 and 15).

Before laminectomy

Six months after laminectomy

(a) (b)

Figure 14. Sequential sagittal T2-weighted (a) and sequential axial T2-weighted (b) MRI of the
lumbosacral spine with the development of severe spinal canal stenosis at the L4-L5 level, exceeding
90% before laminectomy, with complete resolution of the stenosis after surgery treatment in a
59-year-old woman. Despite good postoperative results, pain persists up to 9 points on VAS with a
lack of tactile sensation up to 2.5 points in the L5, S1 dermatomes on the left leg and up to 3.5 points
on the right leg. At the same time, the step activity averaged 2300 steps per day; symptom severity
and functional disability of claudication according to the Zurich claudication questionnaire were
2.9 and 2.1 points, respectively, with a marked decrease in quality of life of up to 61%.
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Before laminotomy

Six months after laminotomy

Before laminotomy

Six months after laminotomy

C) (b)

Figure 15. Sequential sagittal T2-weighted (a) and sequential axial T2-weighted (b) MRI of the
lumbosacral spine with the development of severe spinal canal stenosis at the L5-S1 level, exceeding
60% before laminotomy, with complete resolution of the stenosis after surgery treatment in a 55-year-
old woman. Despite good postoperative results, pain persists up to 9 points on VAS with a lack of
tactile sensation up to 3 points in the L5, S1 dermatomes on the left leg and up to 3.5 points on the
right leg. At the same time, the step activity averaged 2950 steps per day, symptom severity and
functional disability of claudication according to the Zurich claudication questionnaire were 2.0 and
1.8 points, respectively, with a marked decrease in quality of life of up to 69%.

4. Discussion

Our study is the first to examine the effectiveness of LTPI in the treatment of residual
neurological disorders after degenerative lumbar spinal stenosis decompression surgery
at the L4-51 level. In all included patients, the severity of spinal canal stenosis after
decompression surgery decreased by less than 1/3 of the normal size of the spinal canal,
and in 53.3% (n = 65) of cases the lumen of the canal was completely restored. Despite
successful decompression of spinal stenosis, many patients continue to experience severe
pain, sensory disturbances, and claudication, which negatively affects their daily step
activity and quality of life more than 6 months after surgery.

All patients suffered from residual pain after DLSS decompression surgery for more
than 6 months but less than 3 years. The localization of the maximum pain syndrome is in
the lumbosacral joint. Before treatment, the severity of residual pain on the visual analogue
scale (VAS) exceeded 6 points and averaged 7.3 £ 0.11 points.

In all patients, palpation of the muscles of the back and gluteal region revealed painful
points resembling trigger points. These points were most localized in the L4-51 region, the
gluteal region, and in the projection of the PSIS bilaterally, and were more pronounced in
the area of pain irradiation. The maximum painful point is determined in the projection of
the PSIS on the side of pain irradiation.

In our research, we studied the reflexogenic effect of lidocaine on various trigger
points in the muscles and bones of the lumbosacral region. A comparative analysis of intra-
muscular and intraosseous administration of LTPI in combination with pharmacotherapy
compared with the use of pharmacotherapy alone was carried out. In particular, intramus-
cular injections were performed into the paraspinal muscles at the level of L4-51 and in
the gluteus maximus in PSIS projection (in some cases, injections were carried out into the
tendons or periosteum), and intraosseous LTPI—into the spongy substance of L5 or S1 (in
patients after laminotomy) and PSIS.



J. Clin. Med. 2024, 13, 5437

20 of 28

4.1. High Efficiency of LTPI

Our results proved that the use of LTPI enhances the analgesic effect of pharmacother-
apy by 1.3 times and only leads to a significant recovery of sensory functions, regression of
neurogenic claudication, and improvement in quality of life. This advantage remained at
the same level for 2 months, with a gradual decrease to 55% by the end of the fourth month
of observation.

4.1.1. Analgesic Effect of LTPI

Currently, the existing literature exhibits contradictory findings concerning the ef-
fectiveness of LTPI compared to pharmacotherapy. Nevertheless, results similar to ours
were obtained by other authors as a result of studying the effectiveness of intramuscular
and intraosseous LTPI in the treatment of patients with low back pain associated with
lumbar disc herniation [26,58,59], as well as in the treatment of patients with DLSS [60,61].
According to A.O. Kosak, LTPI was superior to intravenous NSAIDs in the treatment of
acute low back pain by 57.7% [62].

Other studies have examined the effectiveness of dry needling [63,64], steroid injec-
tions [61], steroid-lidocaine injection [65], normal saline injection [66], and sterile water
injections [67]. All works noted the high efficiency of these methods. However, a com-
parative analysis between them and LTPI has not been carried out, with the exception of
one study, which showed a greater analgesic effect of LTPI compared with sterile water
needling for 1 month after injection [67]. It is important to note that in many studies, the
addition of glucocorticoids to LTPI did not increase the analgesic effect of LTPI [68].

The high analgesic effect of LTPI is associated with multifactorial mechanisms of
inhibition of pain modulation at the segmental and suprasegmental levels, as well as with
local action [25,69].

The primary mechanism of lidocaine local anesthesia is the blocking of voltage-gated
Na+ channels (VGSC/NaV), which reduces Na+ channel peak currents and accelerates the
deactivation process, reducing neuronal excitability and thereby preventing or reducing the
sensation of pain [27]. Moreover, lidocaine can block K+ ion channels and regulate intracel-
lular and extracellular calcium concentrations through other ligand-gated ion channels [27].
Additionally, the local anesthetic effect of lidocaine is associated with the decrease of pain
neurotransmitter concentrations as calcitonin gene-related peptide [70], substance P [71,72],
and bradykinin [73], which normalize the threshold of excitability of nociceptive receptors.
It is important to note that the anti-inflammatory properties of lidocaine are crucial for
reducing trigger point activity by inhibiting the secretion of tumor necrosis factor-alpha
(TNF-o) in human leukocytes activated by lipopolysaccharide [74].

The main segmental mechanism of LTPI, according to the gate control theory of
pain [23,31], is a decrease in the afferentation of unmyelinated sensory fibers that inhibit
substantia gelatinosa of Rolando, which plays the role of an inhibitory gate for nociceptive
afferentation into the dorsal horn of the spinal cord. Thus, due to the inhibition of peripheral
nociception and the activity of dorsal horn neurons, the excitability of the central nervous
system decreases [75,76].

Small-volume Injections of fluid can stimulate acupuncture points that coincide with
or are close to active trigger points. As a result, LTPI can enhance the secretion of en-
dogenous opioids and 3-endorphin in the brain, producing a potent descending analgesic
effect [39] and increasing the accumulation of enkephalin, which inhibits the transmission
of nociceptive afferentation in the central nervous system [77].

In our study, the analgesic effect of LTPI lasted without negative dynamics for
2 months and decreased by half at the end of the fourth month of follow-up. In other
works, the prolonged analgesic effect of LTPI lasted for 3 months [78,79]. The prolonged
analgesic effect of LTPI is associated primarily with a decrease in both peripheral and
central sensitization due to temporary inhibition of trigger point activity and a decrease
in the intensity and duration of peripheral nociceptive afferentation [23,31]. However,
the analgesic effect has a short-term effect due to the persistence of morphological abnor-
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malities in the spine, due to which afferentation of nociceptive impulses continues until
peripheral and central sensitization is reformed [29].

In clinical practice, a close connection has been established between the activity of
trigger points and hypertonicity of the lower back and gluteal muscles. Hence, reducing
the tension of the parasinalis and periform muscles by LTPI leads to a decrease in com-
pression of the paravertebral and sciatic nerves. In addition, reflexogenic normalization of
muscle tone leads to decompression of the intervertebral discs and thereby to a decrease
in protrusion into the spinal canal. Other studies have found that reflexogenic segmental
improvement of blood circulation enhances and accelerates the processes of restoration
of damaged nerves and muscles due to the accumulation of growth factors. Moreover,
one of the reasons for the development of residual neurological disorders after DLSS is
postoperative lumboparaspinal compartment syndrome. The use of LTPI in the area of
damaged muscles can significantly reduce the pathogenetic cause of pain and functional
disability in these patients [26,36].

4.1.2. Recovery of Sensory Function

Improvement in sensory function after a course of LTPI occurs mainly due to im-
proved sciatic nerve conduction as a result of reduced muscle tension in the piriformis
muscle [80]. In addition, a decrease in muscle tone of the paravertebral muscles and an
increase in the distance between the vertebrae free the L5 and S1 roots from pinching and
promote their recovery [81]. Many patients, after undergoing LTPI and pain reduction,
immediately experience a noticeable improvement in tactile sensations in the area of pain
irradiation [6,82-84]. A number of authors believe that patients with severe pain develop
hyposensitivity of the somatosensory system to nonnoxious mechanical stimuli due to
central sensitization [85-88]. This functional hypoesthesia is reversible and regresses after
the pain subsides [82,89].

4.1.3. Regression of Neurogenic Claudication and Improvement of Daily Step Activity

Although DLSS decompression surgery is highly effective in reducing pain and symp-
toms of neurogenic claudication in most patients [90,91], up to 40% of patients report
persistent walking disability following DLSS decompression surgery [92]. However, in
our study, under inclusion conditions, all patients suffered from symptoms of neurogenic
claudication. An average 34% reduction in neurogenic claudication after completion of
an LTPI course and a 54.9% improvement in daily walking ability are associated with
several interrelated reflexogenic mechanisms of the LTPI. In addition to reducing pain, LTPI
improves microcirculation at the injection site and in the muscles located in the segmental
zone of innervation. This effect can be achieved directly through reflex vasodilation or
indirectly through relaxation of tense muscles compressing small vessels in the affected
area [93]. Furthermore, relaxation of gluteal and lumbar muscles in patients with chronic
pain has a positive effect on the endurance of the muscles involved in walking and on
postural reflexes [81]. No studies were found in the literature on the effectiveness of LTPI in
improving gait and reducing neurogenic claudication. However, a 45-year-old paper was
found demonstrating that the analgesic effect and interruption of the pain cycle of LTPI
can improve exercise capacity of the leg without improving circulation in patients with
intermittent claudication [94].

Reduction in neurogenic claudication and improvement of daily step activity after
LTPI treatment was short-term and continued without significant dynamics during the
first 2 months. However, at the end of the fourth month, the severity of neurogenic
claudication was only 21.4% below baseline, and daily step activity was 37.4% higher
than pre-treatment levels. In our opinion, the main reason for the long-term neurogenic
claudication regression and daily step activity improvement is the reflexogenic action
of LTPL, manifested in a decrease in muscle hypertonicity, improvement of local and
regional microcirculation, increase in blood flow in the vessels of the lower extremities,
normalization of postural reflexes, and increase in muscle endurance to hypoxia in the
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majority of patients with residual neurological deficit after DLSS [95]. Correlation analysis
revealed a strong correlation between the severity of pain and the degree of neurogenic
claudication (r = 0.55, p < 0.05). This is explained by the fact that the majority of patients
with neurogenic claudication prioritized walking a short distance with reduced pain over
walking farther with pain. It is important to note the negative impact of comorbidity,
smoking status, and complications on pain intensity, functional recovery, and daily step
activity after DLSS decompression surgery [96].

4.2. Features of the Use of Intraosseous LTPI

In this study, we first examined the effectiveness of intraosseous LTPI compared
with traditional intramuscular LTPI in the treatment of patients with residual neurological
disorders after DLSS decompression surgery. The analgesic effect of intraosseous LTPI
was superior to intramuscular by 66.4% (p < 0.01) immediately after treatment and by
87.1% (p < 0.01) and 71.6% (p < 0.01) at the end of the second and fourth months of
follow-up. The high efficiency of intraosseous LTPI is associated with the features of the
receptor apparatus in the injection zone. The concentration of slow fibers in the spongy
substance is much higher than in muscle trigger points. Moreover, in spongy substance
the ratio of slow unmyelinated C-fibers to fast myelinated A-fibers is two to one [97].
In addition, the distribution of lidocaine when administered into the spongy substances
is much greater and faster than when administered intramuscularly. According to the
“Osteogenic theory of neuro-orthopedic diseases”, the development of pain syndrome
in osteochondrosis and the formation of active trigger points in the projections of bone
structures such as the spinous processes and PSIS are based on the difficulty of venous
outflow from bone as a result of focal disruption of endochondral ossification [98,99]. Thus,
increased intraosseous pressure can be considered the cornerstone of the development of
pain in patients with osteochondrosis [44,100]. It has been established that an increase in
intraosseous pressure entails stimulation of some intraosseous receptors and a decrease in
the threshold of excitability of others, while massive and prolonged excitation can lead to
the formation of a focus of intraosseous peripheral sensitization [23]. However, given that
most afferents consist of slow fibers, stimulation of intraosseous receptors deeply inhibits
the cells of gelatinous substances, which cannot then segmentally interfere with nociceptive
afferentation [23,31].

It is important to note that the intraosseous LTPI technique contains a therapeutic effect
even without lidocaine infiltration due to trepanation of bone tissue, leading to a decrease
in intraosseous pressure. Moreover, the participation of reflexogenic and acupuncture
mechanisms is not excluded [23,101]. Accordingly, a more pronounced analgesic effect of
intraosseous LTPI was accompanied by a more pronounced recovery effect. Although the
efficiency of intraosseous LTPI was higher than intramuscular LTPI in regression of sensory
deficit and neurogenic claudication and in improving daily step activity immediately after
treatment by 88% (p < 0.001), 150% (p < 0.001), and 68% (p < 0.001) sincerely, at the end of the
second month of follow-up by 77% (p < 0.01), 66.3% (p < 0.01), and 179% (p < 0.001) sincerely,
and at the end of the fourth month of follow-up by 160% (p < 0.001), 183% (p < 0.001), and
67% (p < 0.01) sincerely

4.3. Comparative Analysis of LTPI in PSIS and in the L4-51 Region

A very important result of our work is a comparative analysis of LTPI in PSIS and LTPI
in the L4-51 region. It was found that the analgesic and recovery effects of intramuscular
LTPI in PSIS were greater than in the L4-S1 region by 21.7% (p < 0.01) and 35% (p < 0.01)
immediately after treatment and by 30.4% and 44% at the end of the second month of
follow-up and by 15% (p < 0.05) and 24% (p < 0.01) at the end of the fourth month of
follow-up. Approximately the same results were obtained when studying intraosseous
LTPI in PSIS and the spinous processes of L5 and S1. Intraosseous LTPI turned to be more
effective in reducing pain and recovery of neurological disorders by 22.7 (p < 0.01) and
35% (p < 0.01) immediately after treatment, by 34.9 and 27.9% at the end of the second
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month of follow-up, and by 17% (p < 0.05) and 41% (p < 0.01) at the end of fourth months
of follow up. According to the analysis of the results obtained, LTPI carried out in the
PSIS projection has a more pronounced therapeutic effect than LTPI provided in the L4-51
region. Especially when using intramuscular LTPI due to the large difference between
the ratio of unmyelinated to myelinated sensory fibers in PSIS and the paraspinal trigger
point, which is higher in PSIS. This large difference is most likely due to the relatively high
concentration of unmyelinated fibers in the PSIS projection due to the presence of muscle
tendons and periosteum at the injection site in addition to muscle fibers [6]. It is difficult to
confirm the presence of a difference in the ratio of unmyelinated and myelinated sensory
fibers in the spongy substance of the PSIS and the spinous process. However, there are large
differences in the size of the bony structures between the PSIS and the spinous process.
Thus, with a large difference in the area of action of lidocaine on intraosseous receptors and
afferents in PSIS compared to the area of its influence on the spinous process, the analgesic
effect of LTPI in PSIS is undoubtedly higher.

4.4. Efficacy of Lidocaine Compared with Other Local Anesthetics in Trigger Point Inactivation

In our study, we did not compare the effectiveness of lidocaine with other anesthetics
in the treatment of patients with residual pain after DLSS decompression surgery, since
this was not our objective. In addition, such a comparison of different anesthetics in the
treatment of patients on this topic has not previously been made. However, there are
many comparative clinical studies in the literature of lidocaine and other anesthetics in the
treatment of other pain syndromes using trigger point injections.

Comparative analysis of lidocaine and mepivacaine in the treatment of myofascial
pain found that both local anesthetics were equally effective in treating myofascial pain
by trigger point injection. However, the mepivacaine-treated group exhibited significantly
lower post-injection tenderness than the lidocaine group [102]. Other studies have found
no significant difference between LTPI and bupivacaine trigger injection in the treatment of
head and neck myofascial pain syndrome [25,103]. It was not possible to identify scientific
publications on the comparative analysis of lidocaine with levobupivacaine and ropivacaine.
However, in other studies, comparative statistical analysis of trigger point injections of
levobupivacaine and ropivacaine did not reveal significant differences between groups
in pain during injection, treatment effectiveness, or duration of pain relief in myofascial
pain syndrome management [104]. Thus, according to the majority of authors, there is an
unreliable difference between various anesthetics in the treatment of pain using trigger
point injections. Many authors suggest that relief of pain is mainly due to reflex mechanisms
rather than to the pharmacological effects of the injected solutions [105].

5. Conclusions

LTPI has been proven to be highly effective in the treatment of patients with residual
neurological disorders after DLSS decompression surgery, which is manifested not only
by a high analgesic effect but also by a clear regression of sensory deficits with improved
gait, daily step activity, and quality of life, not only during the course of treatment but also
continues for at least 2 months after treatment. Intraosseous LTPI is more effective than
intramuscular LTPI by 92%. For the first time, LTPI in PSIS was found to be 28.6% more
effective than LTPI in L4-S1. Considering the safety, simplicity, low cost, minimal side
effects, multifactorial mechanisms of pathogenesis, and prolonged effect, it is recommended
to use this method in the treatment of patients with residual neurological pain after DLSS
decompression surgery and various forms of low back pain.
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