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Background: Cervical pain of degenerative origin presents a therapeutic challenge due to multiple potential pain generators and the
lack of a clear correlation between radiological changes and symptom severity. Autologous conditioned serum (ACS, Orthokine) has
demonstrated anti-inflammatory and regenerative effects in musculoskeletal disorders.

Purpose: This study compared the efficacy of ultrasound-guided fascial versus periarticular administration of ACS in patients with
cervical disc disease.

Patients and Methods: In this single-center, prospective, randomized trial (ISRCTN38950110), 100 patients of the local population
with MRI-confirmed cervical disc degeneration neck pain were allocated to two groups: A (n=50) — fascial infiltration (superficial ACS
administration using the hydrodissection technique around the tender points — increased soreness area, which suggest Low Grade
Inflammation, LGI) or B (n=50) — periarticular injection (deep administration around cervical facet joints along articular column).
Both interventions were performed under ultrasound guidance by the same operator. Pain intensity (Numerical Rating Scale, NRS) and
disability (Neck Disability Index, NDI) were assessed at baseline (Initial Assessment, IA) and after 6- (6W), and 12-weeks (12W)
post-treatment, while functional test of dynamic proprioception (Dynamic Proprioception Test, DPT) was assessed at baseline (IA) and
12-weeks (12W) post-treatment.

Results: Both groups showed significant improvement over time in NRS and NDI scores (p < 0.001), with no significant between-
group differences or time x group interaction. Mean NRS decreased from 4.7 + 2.2 to 2.1 + 1.9, and mean NDI from 16.3 + 7.7 to 8.3
+ 6.1 after 12 weeks. No relevant changes were observed in DPT results.

Conclusion: Fascial and periarticular ACS injections provided comparable pain and disability reduction after 12 weeks, suggesting
that fascial infiltration, being less invasive, may serve as an effective therapeutic alternative for neck pain in degenerative disc disease.
Keywords: autologous conditioned serum, orthokine, cervical pain, fascial infiltration, periarticular injection, ultrasound guidance,
randomized controlled trial

Introduction
Neck pain is among the most common causes of musculoskeletal dysfunction worldwide. In 2017, the age-standardized
global prevalence and incidence rates of neck pain were 3551.1 and 806.6 per 100,000 population, respectively, while
data from 2019 indicate that it affects approximately 27 individuals per 1000. The economic burden associated with
treatment and work absenteeism due to neck pain in the United States was estimated at USD 134.5 billion in 2016."
While specific data for degenerative cervical pain prevalence in Poland is limited, general cervical pain is common,
with some studies showing high rates (eg, 36% of paramedics experience cervical pain, 18.7% of medical staff have
recurrent neck pain) and estimates suggesting degenerative changes affect 12-17% of adults, increasing with age,

highlighting a significant burden in Poland, especially in occupational groups like healthcare workers.”
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Recognized risk factors for neck pain include female sex, poor posture during computer work, older age, low physical
activity, and psychological factors such as elevated anxiety and depressive symptoms—particularly relevant during the
first episode of neck pain.’

In the vast majority of cases, neck pain is classified as nonspecific (mechanical) due to the difficulty in identifying
a single pain generator. Only about 10% of cases are attributable to specific pathologies such as infection, trauma,
neoplastic disease, rheumatoid arthritis, or overt neural compression caused by herniation or degenerative changes.*

In the pathogenesis of nonspecific neck pain, degenerative disc disease (DDD) plays a central role, leading to
a cascade of secondary alterations in the uncovertebral (Luschka) joints, facet joints, and vertebral bodies—reflecting an
adaptive response to instability and abnormal load vectors.’

Pain patterns specific to facet joint syndrome have been precisely characterized through diagnostic and provocation
injections.® However, a substantial subgroup of patients presents with myofascial-type neck pain, exhibiting features that
mimic both radicular and facet-related patterns. This condition may exist independently or overlap with other pain
syndromes and is characterized by trigger points or areas of increased tenderness in the surrounding muscles, reduced
fascial glide (related to densification), and elevated muscle tone.”®

One of the most intriguing phenomena in cervical pain research is the lack of direct correlation between the severity
of degenerative disc or joint changes observed on imaging and the intensity of pain or disability in axial neck pain. The
degree of local inflammation, edema, vascular permeability, and adhesion formation appears to be key to understanding
this paradox. Low-grade inflammation (LGI)—a process well recognized in metabolic, neurodegenerative, cardiovas-
cular, and age-related disorders—is associated with the overexpression of proinflammatory cytokines (IL-1, IL-6, IL-8,
TNF-a). This cytokine milieu lowers the activation threshold of nociceptors abundantly present within the cervical
intervertebral discs, ligamentous and capsular tissues, and myofascial structures.”

Subsequently, this process leads to sensitization not only of the peripheral nerve endings, but also of the spinal cord
and dorsal root ganglia, coupled with downregulation or exhaustion of descending opioid pain-inhibitory pathways,
ultimately contributing to pain chronification.'®

Evidence supporting the involvement of LGI in the development of myofascial trigger points and fascial adhesions
generating neck pain comes from clinical experience with manual therapy, dry needling, and acupuncture. Mechanical
release, microbleeding, or reflex-induced local cytokine modulation, applied distant from the intervertebral or facet
joints, have been shown to alleviate symptoms, despite not directly influencing the structural integrity of the disc or joint
itself.""

Given these mechanisms, autologous conditioned serum (ACS, Orthokine) — a biologically active preparation with
potent anti-inflammatory properties achieved through competitive blockade of IL-1 receptors may represent a promising
therapeutic alternative. Several studies have confirmed its analgesic efficacy in osteoarthritis, tendinopathy, enthesopathy,
and even certain neuralgic syndromes.'* '

In spinal disorders, the documented applications of ACS include periarticular, perineural, epidural, and even
intradiscal injections.'” '® This raises an important clinical question: could the fascial administration of ACS in the
cervical region interrupt the vicious cycle of inflammation, pain, and excessive muscle tension, ultimately leading to
symptom resolution within several weeks? To the best of the authors’ knowledge, no study has compared these two
routes of ACS administration for the treatment of neck pain.

Fascial deformation due to mechanical overload, injury, or infection can cause pain through two mechanisms. The
first is mechanical, through direct irritation of free nerve endings in the distorted network of fibers that make up the fascia
and entrapment of small dorsal branches of spinal nerves, which must cross the barrier of the superficial cervical fascia to
reach the skin. The second is chemical, where a localized accumulation of inflammatory cytokines (LGI) irritates free
nerve endings and, in the long term, leads to sensitization of the dorsal root ganglion and the spinal cord. Changes in
neck position due to decreased intervertebral disc height (dehydration) or herniated discs, with limited range of motion
due to degenerative changes in the uncovertebral and facet joints, or an antalgic, protective positioning of the neck, may
distort the fascial network, which can secondarily result in adhesions and entrapment, and consequently, neck pain.
According to the Fascial Distortion Model (FDM), although not universally accepted, fascial adhesions in the form of
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trigger bands and tangled coils restrict movement, often causing local numbness, tingling, and spasms, very often
mimicking the clinical picture of discogenic pain.'®

Given the above, ACS administered intrafascially could have a dual analgesic effect: mechanical (elimination of
adhesions by hydrodissection) and chemical (interleukin-1 receptor blocking). This prompted the authors to propose this
injection method.

An additional reason for introducing this kind of injection is safety considerations for patients taking anticoagulants
on a long-term basis. The risk of post-procedure bleeding after superficial fascial injection is significantly reduced.

The intervertebral joints have long been recognized as a source of cervical pain, and Bogduk’s classic work?’
confirmed the precise location of the cervical medial branches, whose selective block eliminates pain originating from the
facet joints.

Considering the periarticular inflammatory mechanism, it can be assumed that these branches are primarily irritated
chemically, as their location lies outside the zone of dominant facet joint proliferation. Although the theory about the
primary cause of DDD leading to secondary facet joints proliferative and degenerative changes is still debatable by some
authors, the fact of periarticular inflammation remains unchallenged as the potent factor decreasing thresholds of nerve
endings in facet capsules as well as elevating baseline discharge rates, hence the most common (and considered as
standard) form of ACS administration is directly adjacent to the articular column but not intraarticularly (so practically
beneath the deep cervical fascia).?!*?

Previous reports indicate that chronic neck pain is often accompanied by impaired sensorimotor function of the upper
limb, manifested as slower reaction times, reduced visuomotor coordination, and deficits in joint position sense. These
impairments reflect disrupted sensorimotor integration, whereby the brain struggles to process sensory input to control
movement effectively.?***

Therefore, the secondary objective of this study was to introduce a functional test and determine whether the
reduction of pain (measured with NRS) and disability (NDI) following ACS treatment would correspond to an
improvement in objective upper-limb function, as assessed by our custom-designed Dynamic Proprioception Test
(DPT). This test evaluates the error in tracing a given shape, which may be a measure of the disorganization of
antagonist muscle tensions (fine tuning) related not only to the compression or swelling of the motor fibers of the spinal
nerves, but also to fascial adhesions, which, according to Stecco’s theory, disturb the functioning of the centers of
coordination responsible for the correct alignment of antagonist muscle vectors during any movement, especially
a precise one.”

To sum up, we know that inflammation is a factor causing pain, we know that ACS has an anti-inflammatory effect,
and we also know that DDD harms the intervertebral joints and fascial balance. The purpose of the study was to
determine which form of ACS application (superficial and deep) is the most effective in treating pain and improving
function, which would be of great value for clinical settings.

Materials and Methods
Study Design and Settings

This was a single-center, prospective, randomized, open-label clinical trial conducted at the Sutherland Medical Center
(SMC) in Warsaw, Poland, between March 2023 and November 2023. The study protocol followed the principles of
Good Clinical Practice (GCP) and adhered to the CONSORT 2010 guidelines for reporting randomized controlled trials.

All procedures were performed on an outpatient basis by the same experienced physician trained in musculoskeletal
ultrasonography. The randomization list was prepared in advance by an independent investigator not involved in patient
evaluation or treatment. All study documentation, including the protocol, informed consent forms, and anonymized
patient data, is archived at the SMC research site and remains available for monitoring or audit purposes.

Ethical Considerations
The study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki and the Good
Clinical Practice (GCP) guidelines to ensure participant safety and data integrity. Ethical approval was obtained from the
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Bioethics Committee of Wroclaw Medical University (Wroclaw, Poland; approval no. KB-81/2022, issued on February 1,
2023). The study was prospectively registered in the ISRCTN registry under the identifier ISRCTN38950110. The unique
study protocol number was SMC2023001 (submitted on February 16, 2023; registered on February 27, 2023; last revised
on March 29, 2023). Before enrollment, written informed consent was obtained from all participants after providing full
verbal and written explanations of the study objectives, procedures, and potential risks. All participants were covered by
comprehensive medical insurance for the duration of the trial.

Study Participants

Patients with MRI-confirmed cervical DDD and neck pain were invited to participate. Inclusion criteria: adults with
cervical DDD on MRI, neck pain (axial, mixed, radicular), no neurological deficits, no prior cervical trauma, and no
history of systemic or neoplastic disease. Exclusion criteria: age under 18 years, systemic, post-traumatic, or neoplastic
conditions, impaired communication, or lack of consent for injection procedures.

Randomization

A total of 100 patients were randomly assigned using a computer-generated list into two equal groups: Group A (n = 50):
fascial infiltration — superficial administration of ACS using the hydrodissection technique, and Group B (n = 50):
periarticular injection — deep administration of ACS around the cervical facet joints. All procedures were ultrasound-
guided and performed by the same experienced operator to minimize variability.

Interventions

Group A: Patients received four ultrasound-guided fascial injections (hydrodissection of superficial fascia) in the cervical
region at multiple sites of increased tenderness referred by the patient during palpatory assessment, without any
standardization of pressure force. Approximately 0.5 mL of ACS was injected per point using a 0.4 mm (21 G) needle
4 c¢cm long, using the US device Alpinion ECUBE 12 with linear probe 7-12 MHz. Injections were administered along the
superficial cervical fascia (every three days by the same operator each time after an updated evaluation of tender points,
in the sitting position of the patient (Figure 1).

Group B: Patients received four ultrasound-guided periarticular injections along the cervical articular column, aiming
at the specific level affected by DDD (reference US image was wave-like line of lateral aspect of the articular column
while patient was positioned in lateral decubitus), either unilaterally (on the side of dominant pain) or bilaterally, with
4 mL of ACS administered per session beneath the deep cervical fascia using a 0.7-0.8 mm needle (21-22G) and the
same US device. The same injection schedule was followed (every three days) (Figure 2).

Figure | US-guided fascial injection and area of ACS hydrodissection (encircled).
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articular column

Figure 2 US-guided periarticular injection and area of ACS delivery (encircled).

ACS was prepared using Orthokine EOT II syringes (Orthogen AG, Germany). Ten milliliters of venous blood were
incubated in EOT II tubes at 37°C for seven hours, then centrifuged and aliquoted into sterile syringes. The serum was
stored at —20°C until use. Every dose was thawed immediately before administration and injected as a whole according to
group allocation (superficial or deep). No refreezing of the serum was performed.

Following each injection, patients were observed for 10 minutes at the clinic. Post-procedure recommendations
included avoiding strenuous exercise, pausing ongoing rehabilitation, and refraining from heat exposure (eg, sauna, hot
baths).

Assessments

Outcome measures included: (i) pain intensity assessed by the Numerical Rating Scale (NRS, 0-10),? (ii) functional
disability assessed by the Neck Disability Index (NDI, 0-50),%’, and (iii) dynamic upper-limb proprioception assessed at
12 weeks using the Dynamic Proprioception Test (DPT).%® Pain intensity (NRS) and disability (NDI) were assessed at
baseline (Initial Assessment, IA) and after 6 weeks (6W), and 12-weeks (12W) post-treatment, while dynamic proprio-
ception (DPT) was assessed at baseline (IA) and 12-weeks (12W) post-treatment.

In the DPT, participants, seated in a standardized position relative to table height and screen distance, were instructed
to trace the outline of a circular shape displayed on a screen of the tablet (Samsung Galaxy Tab X10) of 14" diameter
screen in a continuous, smooth motion. The software, which was designed by Ing. Piotr Murawski in 2016, for a similar
purpose, automatically calculated the percentage of relative tracing error, reflecting proprioceptive performance. From
among the many numerical data, only the relative error given in percentage was taken into account. The test was
validated in another study performed by our clinic (Figure 3).%°

Statistical Analysis

Statistical analyses were performed using Python packages (pandas, scipy, statsmodels, pingouin, seaborn, matplotlib).
Descriptive statistics were expressed as mean + standard deviation (M £ SD), median (Me), quartiles (Q1-Q3), and range
(Min-Max) for quantitative variables, and as absolute numbers and percentages (n, %) for categorical variables.
Normality was assessed using the Shapiro—Wilk test. Between-group comparisons were conducted using Student’s
t-test for normally distributed variables and the Mann—Whitney U-test for non-normal distributions. Categorical data
were compared using the chi-square test or Fisher’s exact test (when expected cell counts < 5). Primary endpoint analyses
were performed using Linear Mixed Models (LMM), including fixed effects for time, group, and time X group
interaction, with a random intercept for participants. Linear mixed-effects models were selected as the primary analytical
approach due to their suitability for repeated-measures data, allowing for the inclusion of fixed effects for time, treatment
group, and their interaction, as well as random subject-level effects to account for within-participant correlations and
missing observations. A significance level of p < 0.05 was considered statistically significant.
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Figure 3 Dynamic proprioceptive test — graphics and numerical data.

Results

Participants’ Characteristics
During the recruitment phase, 125 individuals responded to the public announcement posted on the clinic’s website. Of
these, 20 did not meet the inclusion criteria, and 5 eligible participants declined to participate. Ultimately, 100 patients
were enrolled, and 99 completed the full treatment protocol. One patient in Group B discontinued participation after the
third injection due to symptom exacerbation. No other serious adverse events were observed. Mild post-procedure
soreness at the injection site, transient pain and tension, or minor subcutaneous bleeding occurred frequently but did not
interfere with the continuation of therapy. At the 6-week follow-up (6W), 99 participants were assessed (50 in Group
A and 49 in Group B). Between the 6W and 12W assessments, contact was lost with two participants from Group A,
whereas all remaining participants from Group B completed the final follow-up. Consequently, data from 97 patients (48
in Group A and 49 in Group B) were included in the final analysis (Figure 4).

Baseline characteristics of both groups are summarized in Table 1. There were no statistically significant differences
between Group A and Group B regarding age, body weight, body mass index (BMI), or duration of symptoms (all p > 0.05).

Qualitative Variables

The distribution of qualitative variables is presented in Table 2. The two groups were comparable with respect to sex
distribution, type of disc degeneration, presence of comorbidities (diabetes, peripheral vascular disease, depression,
trauma history, polyneuropathy), type of herniation, pain, disease phase, and predominant level of degeneration. All
comparisons yielded non-significant differences (p > 0.05).

Pain Level

Pain intensity, as measured by the NRS, decreased significantly over time in both groups. In Group A, mean NRS decreased
from 4.64 + 2.34 at baseline to 1.92 = 1.92 at 12 weeks, while in Group B it decreased from 4.80 £+ 2.01 to 2.26 £ 2.00.
Similarly, functional disability measured by the NDI improved in both groups. Mean NDI values decreased from 15.48 + 7.44
t0 8.06 + 5.72 in Group A and from 17.16 + 8.00 to 8.45 £ 6.43 in Group B. Both treatment methods demonstrated comparable
efficacy in reducing pain and improving function over the 12-week observation period (Table 3).
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Analysed (n=48)
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Figure 4 Flowchart of the study participants.

Proprioception Test
Results of the DPT remained relatively stable throughout the observation period, with no significant differences over time
or between groups. Mean DPT error values changed minimally, from 0.49 + 0.14 to 0.48 + 0.15 in Group A, and from
0.48 + 0.11 to 0.46 + 0.13 in Group B (Table 3).

Linear Mixed Models

Results of the linear mixed-model analyses are presented in Table 4. For both primary endpoints (NRS and NDI),

Analysed (n=49)
+ Excluded from analysis (n=1)

a significant main effect of time was observed (p < 0.001), indicating progressive improvement over the study period.

However, no significant main effect of group or time x group interaction was detected. For the DPT, no significant effects

of time or group were found, suggesting that proprioceptive parameters remained stable throughout the observation

period.

Table | Baseline Characteristics of Patients in Group A and Group B

Variable Group A Group B p-value
M SD |Me | QI [ Q3 | Min | Max | M SD | Me | QI | Q3 | Min | Max

Age (years) 544 | II.I | 509 | 452 | 65.0 | 368 | 76.4 | 549 | 143 | 543 | 438 | 68.1 | 278 | 809 | 0.8

Body weight (kg) 736 | 138 | 73.0 | 61.3 | 828 | 430 | 1080 | 76.6 | 138 | 77.0 | 67.0 | 858 | 53.0 | 107.0 | 0.3

BMI (kg/m?) 25.6 | 38 | 257 | 226 | 279 | 179 | 337 | 264 | 3.6 | 265|243 | 284 | 195|345 | 03

Duration of pain (weeks) | 20.6 | 243 | 10.0 | 40 | 240 | 1.0 1040 | 20.6 | 19.1 | 120 | 80 | 240 |20 | 750 |03

Journal of Pain Research 2026:19
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Table 2 Distribution of Qualitative Variables in Group A and Group B

Variable Category Group A (n = 50) | Group B (n = 50) | Chi%/p-value
n % n %

Sex Female 33 66.0 34 68.0 1.000
Male 17 34.0 16 320

Type of discopathy Single-level 13 26.0 14 28.0 1.000
Multilevel 37 74.0 36 72.0

Diabetes mellitus No 50 100.0 49 98.0 1.000
Yes 0 0.0 | 2.0

Peripheral vascular disease No 49 98.0 47 94.0 0.610
Yes | 2.0 3 6.0

Depression No 44 88.0 45 90.0 1.000
Yes 6 12.0 5 10.0

History of trauma No 31 62.0 40 80.0 0.078
Yes 19 38.0 10 20.0

Polyneuropathy No 48 96.0 48 96.0 1.000
Yes 2 4.0 2 4.0

Type of herniation Bulging 10 20.0 9 18.0 0.683
Extrusion 4 8.0 4 8.0
Protrusion 16 320 22 44.0
Remnant disc | 17 34.0 14 28.0
Sequestration | 3 6.0 | 2.0

Type of pain Axial 15 30.0 21 42.0 0.275
Mixed 31 62.0 23 46.0
Radicular 4 8.0 6 12.0

Stage of disease Acute 9 18.0 5 10.0 0.505
Subacute 20 40.0 21 42.0
Chronic 21 42.0 24 48.0

Predominant level of herniation | C2-C3 0 0.0 | 2.0 0.839
C3-C4 | 2.0 | 2.0
C4-C5 6 12.0 7 14.0
C5-Cé 28 56.0 29 58.0
Cé6-C7 15 30.0 12 24.0

8 https:
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Table 3 Summary of Primary and Secondary Endpoint Values in Group A and Group B

Variable | Time | Group A Group B
M SD | Me Ql Q3 Min Max | M SD | Me Ql Q3 Min Max
NRS IA 464 | 2.34 | 5.00 3.00 | 6.00 1.0 100 | 480 | 2.0l | 500 | 400 | 6.00 1.0 9.0
Wé 250 | 2.03 | 2.00 1.00 300 | 0.0 9.0 2.52 1.93 | 2.00 1.00 | 3.00 | 0.0 7.0
Wi2 1.92 192 | 1.90 | 0.00 | 3.00 | 0.0 7.0 226 | 2.00 | 200 | 0.25 300 | 0.0 8.0
NDI 1A 1548 | 744 | 1450 | 11.00 | 20.75 | 2.0 38.0 17.16 | 8.00 | 1550 | 12.00 | 23.00 | 2.0 36.0
Wé 984 | 623 | 9.00 | 6.00 13.75 | 0.0 29.0 10.32 | 7.59 | 990 | 4.00 15.75 | 0.0 35.0
WI2 | 806 | 572 | 7.00 | 4.00 12.00 | 0.0 21.0 | 845 6.43 | 8.00 3.00 13.00 | 0.0 28.0
DPT 1A 049 | 0.14 | 046 | 039 | 056 | 0246 | 0.867 | 048 | O.11 | 0.46 | 0.4I 0.56 | 0291 | 0.818
WI2 | 048 | 0.15] 045 | 038 | 054 | 0219|0972 | 046 | 0.13 | 044 | 035 | 050 | 0.238 | 0.880

Abbreviations: NRS, Numerical Rating Scale; NDI, Neck Disability Index; DPT, Dynamic Proprioception Test; IA, before therapy; 6WV, 6 weeks after therapy;
12W, 12 weeks after therapy.

Table 4 Results of Linear Mixed-Model (LMM) Analyses for Primary (NRS,
NDI) and Secondary (DPT) Outcomes

Endpoint | Effect B (SE) 95% CI z p-value
NRS Intercept 4.38 (0.28) 3.83-4.93 15.64 | <0.00I
Group (B vs A) | 0.08 (0.40) | —0.69-0.86 | 0.21 0.835
Time —1.36 (0.16) | —1.67—1.05 | —8.60 | <0.001
Time x Group | 0.09 (0.22) | —0.35-0.53 0.39 | 0.694
NDI Intercept 14.84 (0.96) | 12.96-16.71 | 15.52 | <0.001
Group (Bvs A) | 1.50 (1.35) | —1.15-4.14 111 0.269
Time —3.71 (0.47) | —4.62—2.79 | —7.95 | <0.001
Time x Group | —0.65 (0.66) | —1.94-0.65 -0.98 | 0.326
DPT Intercept 0.49 (0.02) | 0.45-0.53 25.84 | <0.001
Group (B vs A) | —0.01 (0.03) | —0.06-0.05 -0.26 | 0.794
Time —0.01 (0.01) | —0.02-0.01 —-0.58 | 0.559
Time x Group | —0.01 (0.01) | —0.03-0.02 | —0.62 | 0.536

Abbreviations:

NRS, Numerical Rating Scale; NDI,

Proprioception Test.

Neck Disability

Index; DPT, Dynamic

In both groups, a significant main effect of time was observed (p < 0.001) (Figure 5), reflecting a gradual reduction in

pain intensity across successive assessment points. No significant group effect or time x group interaction was found (p >

0.05), indicating comparable efficacy of the two therapeutic approaches.

Similarly, a significant time effect was demonstrated for functional improvement of the cervical spine (p < 0.001)

(Figure 6). However, no significant main group effect or time x group interaction was detected (p > 0.05), suggesting

equivalent effectiveness of both methods in reducing neck-related disability.
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Figure 5 Change in pain intensity according to the Numerical Rating Scale (NRS) over the observation period: baseline (IA — before therapy), 6 weeks after therapy (6W),
and 12 weeks after therapy (12W) in Group A (fascial infiltration) and Group B (periarticular injection). Error bars represent standard deviations. Both groups demonstrated
a significant reduction in pain intensity over time (p < 0.001, time effect; Linear Mixed Model), with no significant differences between groups.

Abbreviations: NRS, Numerical Rating Scale; IA, before therapy; 6W, 6 weeks after therapy; 12W, 12 weeks after therapy.

NDI - Mean +95% Cl over time

20 A
Group
® GroupA
18 ® GroupB
16
14 -
=)
2
12 -+

10 T

A 6W 12w
Time point

Figure 6 Change in the Neck Disability Index (NDI) during the observation period: baseline (IA — before therapy), 6 weeks after therapy (6W), and |12 weeks after therapy
(12W) in Group A (fascial infiltration) and Group B (periarticular injection). Error bars represent standard deviations. Both groups demonstrated a significant improvement
in functional status over time (p < 0.001, time effect; Linear Mixed Model), with no significant between-group differences.
Abbreviations: NDI, Neck Disability Index; IA, before therapy; 6W, 6 weeks after therapy; 12W, 12 weeks after therapy.
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Figure 7 Change in the Dynamic Proprioception Test (DPT) values during the observation period: baseline (IA — before therapy) and 12 weeks after therapy (12W) in Group
A (fascial infiltration) and Group B (periarticular injection). Error bars represent standard deviations. No significant changes were observed over time or between groups (p > 0.05;
Linear Mixed Model), indicating that ACS administration did not significantly affect dynamic proprioceptive performance within the 12-week observation period.
Abbreviations: DPT, Dynamic Proprioception Test; IA, before therapy; 6W, 6 weeks after therapy; 12W, 12 weeks after therapy.

For the Dynamic Proprioception Test (DPT), no significant effects of time, group, or time X group interaction were
identified (p > 0.05), indicating that the therapy did not substantially influence dynamic proprioceptive parameters during
the observation period (Figure 7).

Discussion

There is no universally accepted standard of conservative management for cervical DDD. Treatment options depend on
the stage of the condition (acute, subacute, or chronic), the presence of comorbidities, and the availability of specific
therapeutic services. Conservative approaches typically include systemic pharmacotherapy, rehabilitation, manual ther-
apy, and local injection techniques aimed at reducing inflammation and edema in structures contributing to neck pain.*

Unlike conservative mechanical interventions such as cervical traction, which primarily aim to temporarily reduce
mechanical compression and improve joint spacing, ACS therapy targets the underlying inflammatory and nociceptive
processes associated with DDD. While traction may provide short-term symptom relief through biomechanical decompres-
sion, it does not directly modulate LGI or biological mediators involved in chronic pain sensitization.*'* In contrast, fascial
ACS administration offers both mechanical effects through hydrodissection and sustained anti-inflammatory biological action,
potentially explaining its clinically meaningful and progressive symptom improvement.**-*

Among local anti-edematous interventions, corticosteroid injections, usually combined with local anesthetics and admi-
nistered periarticularly, perineurally, or epidurally under fluoroscopic or ultrasound guidance, remain the most common
approach for acute pain syndromes.*> Unfortunately, corticosteroids are associated with numerous adverse effects, including
elevated blood pressure, hyperglycemia, increased intraocular pressure, bone demineralization, and local skin reactions.*®

ACS (Orthokine) offers an appealing alternative to corticosteroids in local anti-inflammatory and anti-edematous
therapy. Its mechanism of action is based on the competitive blockade of interleukin-1 receptors (IL-1R) by naturally
occurring antagonistic proteins (IL-1RA) produced by blood monocytes during several hours of incubation at 37°C in

EOT 1I tubes containing glass beads. This process also promotes the release of beneficial anti-inflammatory cytokines
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(IL-4, IL-10) and growth factors (HGF, IGF, TGF-B, PDGF, FGF), which synergistically support tissue healing and
regeneration, while the production of pro-inflammatory cytokines is not enhanced.'*-"°

Most published studies have evaluated the use of ACS in osteoarthritis, particularly of the knee tendinopathies, and
low back pain (LBP)."* Only a few pilot trials have addressed its application in cervical spine disorders, showing
comparable efficacy to platelet-rich plasma (PRP) for cervical radiculopathy and superior outcomes to physical or
mechanical modalities such as traction or manual therapy, regardless of symptom duration.*

Goni et al*® demonstrated in a pilot study involving 40 patients with cervical radiculopathy (VAS = 7-10) that ACS
was more effective than methylprednisolone when administered under fluoroscopic guidance. Although all participants
improved and no major adverse events were reported, patients treated with ACS showed a gradual and sustained
improvement over six months, whereas those receiving corticosteroids experienced symptom recurrence over time.

To date, no study has directly compared superficial (fascial) versus traditional deep (periarticular, perineural, or epidural)
ACS administration. However, evidence from related approaches, such as prolotherapy using PRP or dextrose for post-traumatic
instability or DDD — provided the rationale for this investigation. PRP injections, whose composition is most similar to ACS,
have been shown to reduce pain and improve function with clinically significant and long-lasting effects (up to two years), while
maintaining an excellent safety profile. Another fascially targeted injection method, dry needling, acts through trigger-point
stimulation that elicits neuromuscular regulatory mechanisms, reducing excessive muscle tone and myofascial pain.*'**

The choice of fascial infiltration using the hydrodissection technique in the present study was motivated by two main
considerations: first, to mechanically separate fascial adhesions (densification points, distortion points) that may entrap
tiny nerve endings penetrating fascial mesh. Manual therapists who use fascial manipulation techniques have the same
goal, but this is a purely mechanical approach, similar to traction therapies (which also lack specificity). In the case of
ACS, the administration of a powerful substance with local anti-inflammatory and pro-regenerative effects plays a crucial
role. The hydrodissection technique, especially under US guidance, ensures a much broader distribution of ACS across
the injection field than the vertical type of injection used for trigger point infiltration, thereby enhancing diffusion into
areas affected by low-grade inflammation (LGI). An additional potential benefit is fascial hydration, which may improve
adaptive properties in chronic compartment-like fascial tightness syndromes.*®

The observed efficacy of fascial ACS injections in pain reduction supports the hypothesis that nociceptive innervation
of the fascia plays a crucial role in spinal cord sensitization and pain chronification. This may also explain the frequent
lack of correlation between disc herniation size and pain severity in many patients. Similar mechanisms are suggested by
findings in chronic whiplash-associated disorders, where not only joints, muscles, and ligaments but also the entire fascial
system sustain microinjury.*’

Further support for the concept of fascial pain generation comes from clinical experience with manual therapies,
particularly Stecco’s model of fascial manipulation. The mechanical dissipation of densified fascial points during manual
treatment can produce substantial and sometimes dramatic symptom relief even in chronic pain syndromes.** Moreover,
ultrasound studies by Stecco et al** have documented morphological changes in the fascia following such interventions.

While the NRS and NDI measures in this study provided consistent and significant results, the DPT, intended to
assess upper-limb functional precision before and after ACS therapy, did not reveal meaningful changes. Several factors
may explain this outcome: the absence of a clear correlation between disc herniation characteristics and baseline motor
precision, the relatively short follow-up duration, and methodological limitations such as variable participant engage-
ment, fatigue, or unintentional tracing errors (especially with the non-dominant hand).

Strengths and Limitations

The main strength of this study lies in being, to the best of our knowledge, the first randomized clinical trial to evaluate
the efficacy of ACS (Orthokine) administered via a fascial approach. The results confirm the clinical effectiveness of this
technique and significantly expand the potential indications for its use. Fascial ACS delivery may represent a valuable
therapeutic option for patients receiving long-term anticoagulant therapy, in whom deep injections carry an increased risk
of bleeding. It may also be preferable for individuals with a heightened level of anxiety regarding periarticular or epidural
needle procedures. The concept of fascial injections of biologically active injectables seems to integrate regenerative
medicine objectives, fascial pathology, and LGI theory, which can build a bridge between laboratory and clinical settings
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and innovate the treatment of chronic myofascial pain. In addition, the superficial fascial administration of ACS
represents a less invasive therapeutic strategy with potential safety advantages over deep periarticular or paraspinal
injections. This approach may be particularly beneficial for patients receiving anticoagulant therapy or those with
increased procedural anxiety, thereby expanding the accessibility of biologic treatments for cervical pain. The patient-
centered nature of this method enhances its translational relevance for everyday clinical practice.

This study also has several limitations. The sample size was relatively small, and the follow-up period was limited to
12 weeks, which can be too short for the functional improvement measured by the DPT test to be relevant. There is no
blinding of the caregiver or participants, so the expectation bias might contribute to outcomes (sham therapy would
dramatically strengthen internal validity). The use of a limited number of assessment tools and the open-label design
without blinding or a placebo control group (eg, saline injections) represent additional methodological constraints.
Moreover, the precision of intrafascial ACS delivery in Group A might have varied among participants due to individual
differences in fascial structure and potential sex-related anatomical variability. We are also aware that it would be
beneficial in the future to standardize the hydrodissection technique in some way, taking into account the amount of
serum administered, the depth of distribution, and above all, specifying the areas affected by adhesions and LGI of the
fascia; perhaps the solution would be to use US with the option of elastography.

Finally, during periarticular injections in Group B, the spread of ACS around the facet column could not be fully
controlled; it remains unclear what proportion of the injected volume diffused toward the perineural region versus the
bony surface beneath the deepest fascial layer. This uncertainty renders the deep injection technique somewhat

unpredictable in its exact therapeutic impact on radicular components of cervical pain.

Future Research Directions

Future studies should aim to validate these findings in larger, multicenter randomized trials with extended observation
periods to assess the long-term durability of treatment effects and the safety profile of fascial ACS administration.
Comparative studies incorporating placebo or active control arms (eg, corticosteroids, PRP, or dextrose prolotherapy)
would further clarify its relative efficacy and cost-effectiveness. Advanced imaging and biomechanical analyses, such as
ultrasound elastography or MRI-based fascial mapping, could help verify the accuracy of intrafascial delivery and
characterize the structural or inflammatory changes induced by ACS. Moreover, incorporating in future trials biochemical
assessments of inflammatory cytokines and biomarkers of tissue regeneration could provide valuable insights into anti-

inflammatory and regenerative pathways mediated by ACS and provide more individualized, fascial-oriented approaches.

Conclusion

Ultrasound-guided fascial and periarticular administration of ACS both produced meaningful clinical improvement in
patients with cervical DDD. The comparable outcomes between these two delivery techniques suggest that fascial
infiltration may represent a less invasive yet equally effective therapeutic alternative to deeper periarticular injections.
Given its favorable safety profile and procedural simplicity, the fascial approach may be particularly valuable for patients
at higher risk of complications from deep injections, such as those on anticoagulant therapy or with heightened anxiety
regarding peri-spinal procedures. However, neither therapy showed any significant improvement in hand motor function

as measured by the DPT test after 12 weeks of observation.
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