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Background: Chronic back pain is a long-lasting disorder, whose main source of pain is often the
intervertebral disc that undergoes a degenerative process associated with low-grade inflammation,
leading to a reduced quality of life.

Objectives: The aim of our study was to assess the efficacy of intradiscal and epidural injections of
plasma rich in growth factors (PRGF) in patients with chronic clinical symptoms due to intervertebral
disc (IVD) degeneration.

Study Design: Prospective observational study.
Setting: A single spine unit in a private clinic.

Methods: Thirty-two patients with cervical and lumbar chronic pain due to IVD degeneration
were treated with 2 or 3 series of intradiscal and epidural PRGF infiltrations with 2 weeks between
each procedure. The procedures were performed under fluoroscopic guidance and grade 3
sedation in an operating theater. Treatment efficacy was evaluated using the Spine Tango Core
Outcome Measure Index questionnaire, Numeric Rating Scale for back pain, and the Oswestry
Disability Index questionnaire. In addition, the number of patients who successfully achieved the
minimal clinically important change was also determined. These assessments were evaluated at
pretreatment (baseline) and at one, 3, and 6 months posttreatment.

Results: The Oswestry Disability Index, COMI Spine Tango Core Outcome Measure Index total
score, and Numeric Rating Scale showed a statistically significant reduction from the baseline level
to the posttreatment first month, third month, and sixth month (P < 0.001). Moreover, 78.1% of
the patients reached a pain reduction superior to 30% one month posttreatment, and 87.5% at 6
months posttreatment, which is considered as a clinically significant improvement.

Limitations: This study was prospective and did not have a control group. Only patient-reported
outcomes were evaluated.

Conclusions: This observational, prospective study of patients with chronic back pain showed
that 2-3 intradiscal and epidural injections of PRGF significantly decreased pain and disability at one
month posttreatment and this improvement was maintained, and in some patients even improved,
at 3, and 6 months posttreatment.

Key words: Platelet-rich plasma, plasma rich in growth factors, degenerative disc disease,
intervertebral disc degeneration, back pain, growth factors, regenerative medicine
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ervical and lumbar intervertebral disc (IVD)

degeneration are chronic disorders strongly

correlated with nonspecific back pain and
a reduced quality of life (1), representing the fourth
leading cause of disability-adjusted life-years (2,3). Back
pain is a complex and personal experience that likely
develops as a consequence of the interaction between
multidimensional physiologic, sensory, affective,
cognitive, behavioral, and sociocultural phenomena
with several risk factors (genetic, unhealthy lifestyle,
type of work-job activity involving heavy loads and
awkward postures, and aging) (1,4). The source of the
pain related to the whole IVD joint may originate from
its integrant tissues including periarticular muscles,
IVD, vertebral subchondral bone, the annulus fibrosus,
the vertebral endplate, and vertebral facet joints (5-8).

As a long-lasting disorder associated with low-
grade inflammation (chronic pain persists for more
than 3 months), cervical and low back pain brings about
a reduced quality of life, psychological disorders, and
loss of productivity. Its economic burden challenges
the health care budgets of even the richest economies
(1,9,10). Therefore, there are medical motivations and
economic interests for reducing chronic pain in order
to improve patients’ quality of life and return them to
their activities of daily living, including work.

In order to overcome some of the current available
treatment limitations, new, innovative, biologically
inspired, and minimally invasive therapeutic strategies
that shorten recovery time compared with current
surgical approaches are emerging to accurately deliver
in situ different therapeutic biomolecules (5,11,12).
Among them, autologous platelet-rich plasma (PRP)
products are administered for treating chronic low
back pain (13-16). These products deliver trophic and
anti-inflammatory growth factors and cytokines to a
degenerated disc through minimally invasive proce-
dures (17-23) in order to reverse pain associated with
low-grade inflammation and to restore homeostasis
(5,24). More specifically, plasma rich in growth factors
(PRGF) technology, a pioneering PRP (25,26) applied
in multiple medical fields, has been shown to be an
efficient treatment to attenuate pain associated with
sterile, low-grade inflammation in a wide range of
musculoskeletal conditions (24,27), including cervical
and low back pain (13,14,28), thereby improving pa-
tients’ clinical conditions.

The aim of our study was to assess the efficacy of
intradiscal and epidural injections of PRGF in patients
with chronic clinical symptoms due to IVD degeneration.

MEeTHODS

Study Design and Patient Population

This study was designed as a prospective ob-
servational study and carried out in a single private
center in Victoria, Spain. The study protocol (code
BTIIMD_02_EP/20/DISC) was approved on February
26, 2021 by the Ethics Committee CEIm-E and con-
ducted in accordance with the international ethical
standards from the revised World Medical Asso-
ciation Declaration of Helsinki amended in 2013 in
Brazil. Patients provided written informed consent.
This study is reported following the Strengthening
the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) Statement (29). Patients were recruited
from March 2021 through March 2022. The Inclusion
and exclusion criteria for study participation are de-
scribed in Table 1.

Preparation of PRGF

PRGF was prepared according to previously pub-
lished methods (14,30). Briefly, peripheral venous
blood was withdrawn (72 mL) and collected in 9-mL
tubes containing sodium citrate (3.8% wt/vol) as an
anticoagulant (EDK2_ENV kit, BTl Biotechnology In-
stitute, S.L.). Next, the blood tubes were centrifuged
for 8 minutes at 580 gravity (Endoret System V). The
upper plasma volume (F1 fraction) was discarded,
and the 2 mL plasma fraction located just above the
buffy coat (F2 fraction) was collected without collect-
ing leukocytes or erythrocytes. Activation of PRGF was
conducted just prior to infiltration with the addition of
a PRGF activator (10% calcium chloride) at a ratio of 20
uL of PRGF activator per mL of PRGF.

Characterization of PRGF

A characterization of the PRGF at each with-
drawal and application was carried out. For this pur-
pose, a complete blood count with 5-part differential
(Pentra ES 60, Horiba ABX SAS) of both peripheral
blood and nonactivated liquid PRGF (F1 and F2) was
performed. In addition, leukocyte, erythrocyte, and
platelet concentration factors were analyzed in
relation to their levels in peripheral blood, as well
as the platelet yield (%). A summary of the coding
and classification of the PRGF-Endoret system using
9 different classification systems has recently been
published by Anitua et al (31). The MIBO (Minimum
Information for Studies Evaluating Biologics in Or-
thopaedics) guideline was followed for reporting
methodological details (32).
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Table 1. Inclusion and exclusion criteria for study participation.

Inclusion Criteria

Exclusion Criteria

1.
2.

Patients over 18 years of age.

Patients diagnosed with intervertebral disc
degeneration by magnetic resonance imaging
(MRI).

Patients with positive visible MRI signs, including
rupture of the annulus fibrosus, annular fissure,
with or without disc herniation in its protrusive
form.

Symptoms of 3 months evolution that have not
responded to conventional pharmacological
treatment.

Numerical pain scale (NRS-11) between 6 and 10,
average of the last month.

A complete blood test carried out in the last 2
months.

Informed consent form signature.

Agreement in the informed consent to be available

1.

2.

Presence of lumbar fracture, extruded disc herniations and herniations with
signs of calcification.

Patients who have previously undergone spinal surgery or lumbar rhizolysis
within the previous 8 months.

Patients with severe cardiovascular diseases, central nervous system diseases,
epilepsy, coagulopathies, immunological diseases, infectious diseases (e.g.
hepatitis, HIV, syphilis) and cancer.

Patients with a history of drug use (e.g., alcoholism or other) or mental illness
or marked psychological conditions related to pain.

Morbidly obese patients.

Women who are pregnant or breastfeeding or women of childbearing age who
are not taking contraceptive measures.

Pathologies that produce marked alterations in the efficacy of PRGF or
coagulation, such as poorly controlled diabetes mellitus (glycosylated
haemoglobin greater than 9%), hematological alterations (thrombopathy,
thrombopenia, anemia with Hb < 9), being subjected to immunosuppressive
and/or anticoagulant treatments, or any treatment with corticoids during the 6

for posttreatment follow-up for 6 months.

months prior to inclusion in the study.

Intradiscal and Epidural PRGF Infiltration
Protocol

After the blood collection and prior to the infil-
trations, antibiotic prophylaxis and sedation of the
patient were carried out. Cefazolin (2 g/vial, Normon
Laboratories) was intravenously administered as an an-
tibacterial prophylaxis. Mild intravenous sedation was
carried out with a combination of 2.5 mg of midazolam
hydrochloride (5 mg/5 mL, Normon Laboratories, Ma-
drid, Spain) and 3.2 pg/kg/min of remifentanil hydro-
chloride (0.05 mg/mL, Ultiva, Aspen Pharmacare, GSK,
Barcelona, Spain) and 0.025 pg/kg/min of propofol
(BBraun Medical, Barcelona, Spain). Additionally, and
depending on the duration of the procedure, a single
dose, or repeated doses of 1-2 mg/kg of propofol (1%,
BBraun Medical) were administered.

The intradiscal and epidural infiltration technique
has been recently described (14). Briefly, IVD infiltra-
tions with PRGF were performed under a fluoroscope
with C-arm (Ziehm Solo, Ziehmimaging GMBH). Once
the patient was prepared and placed prone for lumbar
and supine for cervical, a small incision was made at the
entry point for the 22G, 0.7 diameter x 178 mm long
spinal needle (BD Spinal Needle Quincke, BD Spain).

The infiltration process was performed using an
oblique angle of 25° to 35° at the lateral margin of
the superior articular process of the lower vertebra,
between the inferior endplate of the upper vertebra
and the superior endplate of the lower vertebra, and
always lateral to the neuroforamen for nerve root pres-
ervation. The spinal needle was manually bent at the
tip (approximately 20°). Its position was confirmed with
fluoroscopy in the 3 usual views, namely, oblique, for

the approach; anteroposterior, to confirm the needle
within the disc; and lateral, to measure the depth of
the needle in the disc.

Once the tip of the spinal needle was placed in
the degenerated disc (depth of the nucleus pulposus),
and checked under fluoroscopy by infiltrating a small
amount of PRGF, 3 mL of freshly activated PRGF were
injected into the nucleus pulposus of the IVD in each
injured disc. The infiltration procedure was performed
without the use of any type of contrast agent. The pro-
cedure was performed on up to 3 levels. Afterwards, at
the fluoroscopic lateral view, the posterior body wall
reference was sought and, using the same procedure,
peridural (epidural) infiltration was performed, inject-
ing 2 mL of freshly activated PRGF.

Once the procedure was completed, the patient
was transferred from the operating room to the recov-
ery room and observed for 1-2 hours to monitor the
patient’s vital signs and any adverse reaction. An ice
pack was kept on the treated area to avoid possible
swelling while saline solution (100 mL) was adminis-
tered by intravenous route. Acetaminophen (one g/8 h)
and/or dexketoprofen (25 mg/12 h) was prescribed de-
pending on the clinical evolution. After the procedure
the patient was on relative rest for 7 days. During the
posttreatment follow-up period (6 months) the patient
could only be prescribed acetaminophen (one g/8 h) as
a rescue analgesic. As an exception, no medication was
allowed to be taken during the 48 hours prior to the
follow-up visits.

Each patient was treated with a series of 2 14-day
infiltrations. In each series the patient received IVD (be-
tween 1-3 levels) and epidural infiltrations. After the
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one-month posttreatment follow-up visit, patients who
did not obtain a decrease in pain of at least 2 points
on the Numeric Rating Scale (NRS-11) received a new
PRGF infiltration. Thus, patients received a series of 2-3
infiltrations depending on their clinical outcome.

Follow-up and Outcome Measures

Patients completed validated questionnaires in
the pre- and posttreatment phases. Follow-up was per-
formed one, 3, and 6 months posttreatment.

Treatment efficacy was evaluated using different
patient-reported outcomes. The Spine Tango Core
Outcome Measure Index (COMI) questionnaire for
lumbar and cervical cases, NRS-11 for back pain, and
the Oswestry Disability Index (ODI) questionnaire (for
lumbar cases only). Furthermore, pain reduction over
time was classified as excellent (an NRS-11 score of 0-3),
moderate (an NRS-11 score of 3.1-6.5), and ineffective
(an NRS-11 score of 6.6-10) (33). Finally, the number of
patients who successfully achieved the minimal clini-
cally important change (MCIC) for each of the scales
evaluated was also determined (34-36).

Adverse Events

Complications and adverse events during all
procedures and at each follow-up visit were also
recorded.

Statistical Analysis

A priori power analysis was performed for deter-
mining the sample size based on data from Tuakli-
Wosornu et al (18). With a power of 80% (B error of
0.2) and a one-sided o error of 0.05, it was estimated
that a minimum sample size of 28 patients would be
needed. Under the assumption of a drop-out rate of
20% throughout this prospective study, the number
of patients we determined needed to be recruited
was 35.

Descriptive data were presented as frequencies
and percentages. The results of the patient-reported
outcomes are reported as median (interquartile range
[IQR]). No imputation method was used for missing
data. All data values were tested for normality using
the Shapiro-Wilk test. Changes in outcome measures
between pre- and posttreatment were assessed using
the Friedman test with Dunn’s multiple comparisons
test. Comparison of the success rate of pain reduction
(classification), and in the MCIC over time (discrete
variable data) was carried out using a %2 test. The re-
lationship between demographics, clinical outcomes,

and the characterization of whole blood and PRGF
was explored using Spearman correlation coefficient.
Box and whisker plots were drawn following the Tukey
style (37), i.e., boxes show the median and IQR, while
whiskers indicate the 25th percentile -1.5 x the IQR
and the 75th percentile -1.5 x the IQR. Dots indicate
outliers outside the whisker interval. Differences were
considered statistically significant at a P value of < 0.05.
GraphPad Prism version 9 (GraphPad Software) was
used to analyze and graph the data.

REsuLts

Patients’ Demographics

Our study had 35 patients, but 3 were lost during
follow-up and were not included in the analysis (drop-
out rate of 8.6%). A total of 32 patients completed the
follow-up. Their outcomes were measured at baseline
pretreatment and at one, 3, and 6 months posttreat-
ment (Table 2).

Of these, 40.6 % were women, with a mean age
at baseline of 54.9 + 10.1 and a mean body mass index
(BMI [kg/m?]) of 24.8 + 3.1. The median chronic pain
period was 4 months.

A total of 59 IVDs were infiltrated in the 32 pa-
tients, most of them in the lumbar region (90.6%). As
revealed by magnetic resonance imaging, Pfirrmann
grade lll was the most prevalent radiological finding
by far (40.7%), followed by grade IV (20.3%). Most of
the patients (59.4%) received 2 series of infiltrations.
Regarding the number of infiltrated levels, 53.1% of
the patients received treatment on 2 discs, 31.3% on a
single disc, and only 15.6% were infiltrated on 3 levels.
If we consider specific levels, most of the infiltrations
(79.7%) were in the lower lumbar back at the L4-L5
(40.7%) and L5-51 (39.0%) levels (Table 2).

PRGF Characterization

The characterization of whole blood and PRGF
fractions of patients included in the analysis is shown
in Table 3. Fraction 2 (F2) was infiltrated in the patient
after activation with calcium chloride, but the data
shown are prior to activation. The biological variability
of these data is illustrated in Fig. 1. The F2 was almost
free of leukocytes and erythrocytes with a platelet
concentration of 2.2 + 0.4 in comparison with the pe-
ripheral blood level. The components of both whole
blood and PRGF for each of the 2-3 series of infiltra-
tions (intrapatient) showed no statistically significant
difference (P > 0.05).
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Table 2. Patient baseline and demographic characteristics.

Table 3. Characterization of whole blood and PRGF fractions
(F1 and F2) of patients included in the analysis. Fraction 2

One level (n, %) 10 (31.3 %)

2 levels (n, %) 17 (53.1 %)

Patients (n) | 32 (F2) is infiltrated in the patient. A complete blood count with
Gender 5-part differential was conducted. Leukocyte, erythrocyte, and
Women (n, %) 13 (40.6 %) platelet concentratio.nfactor relative to th(? level of peripheral

. . blood and platelet yield (% ) are also indicated. Data are

Men (n, %) 19 (594 %) expressed as mean = SD, n = 32, n.d., not detected.

Age (years, mean * SD) 54.9 £10.1
‘Whole

Height (cm, mean + SD) 171.7 £ 8.1 blood PRGF F1 | PRGF F2
Weight (kg, mean + SD) 734£120 Leukocytes (x 10¥/uL) | 6.41+2.05 | 0.08+0.08 | 0.26 +0.19
Body mass index (kg/m? mean + SD) 24.8 £3.1 Lymphocytes (%) 331 + 8.4 nd nd
Pain evolution period (months, median [IQR]) 4[3-6] Monocytes (%) 45+23 nd nd
Intervertebral discs (n) o Neutrophils (%) 59.5+9.5 n.d. n.d.
Spine Region Eosinophils (%) 30+14 n.d. n.d.

Lumbar (patients, n, %) 29 (90.6 %) Basophils (%) 0.6+02 nd. nd.

Cervical (patients, n, %) 3 0.4 %) Erythrocytes (x 109uL) | 4.43 +0.42 nd. 0.01 £ 0.01
MRI Pfirrmann Grade Platelets (x 10%/pL) 214 + 47 300469 | 465+ 137

II (discs, n, %) 9 (15.3 %)

Mean platelet
I (discs, n, %) 24 (40.7 %) volume (fL) 74206 | 67£05 | 7.1£07
IV (discs, n, % 12 (20.3 %
(e (20.3 %) Leukocyte ; 1 0.01+0.01 | 0.04+0.03

V (discs, n, %) 14 (23.7 %) concentration factor

Series of infiltration Er ythrocyt.e 1 0 0
concentration factor
2 series (n, %) 19 (59.4 %)
i Platelet 1 14402 | 22+04

3 series (n, %) 13 (40.6 %) concentration factor e e

Multiple levels injected Platelet yield (%) 100 23.1+89 | 464+83

3 levels (n, %) 5 (15.6 %)
Levels infiltrated

C5-C6 (n, %) 3 (5.1 %)

C6-C7 (n, %) 1(1.7 %)

L2-L3 (n, %) 2 (3.4%)

L3-L4 (n, %) 6 (10.2 %)

L4-L5 (n, %) 24 (40.7 %)

L5-S1 (n, %) 23 (39.0 %)

Analysis of Clinical Outcomes

The PRGF infiltrations, assessed by the scores of
ODI and COMI questionnaires, exerted a statistically
significant clinical and functional improvement since
the first month after the procedure as shown in the
Fig. 2 and Table 4. The ODI showed a statistically sig-
nificant reduction from 36 (IQR, 28-50) at baseline to
12 (IQR, 3-23) at posttreatment month one, to 6 (IQR,
0-16) at posttreatment month 3, and to 8 (IQR, 2-16)
at posttreatment month 6 (P < 0.001, Table 4, Fig. 2).
Similarly, the COMI total score presented a statistically
significant reduction from 6.4 (IQR, 4.9-7.3) at base-
line to 2.1 (IQR, 0.7-3.1) at posttreatment month one,

;
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Fig. 1. Characterization of whole blood and PRGF F1 and
F2 fractions. Leukocyte, erythrocyte and platelet count are
shown. Specifically for platelets, the mean platelet volume
is represented, as well as the platelet concentration factor
(the increase of platelets with respect to the basal value of
peripheral blood), and the platelet yield, or percentage of
platelets recovered in each PRGF fraction with respect to
peripheral blood.
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Fig. 2. Clinical outcomes for all patients (lumbar and
cervical ) with complete follow-up. Oswestry Disability
Index (only for lumbar cases), NRS-11, COMI Disability
score, and COM1 total score are displayed. ** indicates P <
0.01 and *** indicates P < 0.001.

to 1.5 (IQR, 0.2-1.8) at posttreatment month 3, and to
0.8 (IQR, 0.0-2.5) at posttreatment month 6 (P < 0.001,
Table 4, Fig. 2).

The pain NRS-11 was significantly reduced at post-
treatment month one (3.0 [IQR,1.3 - 5.0]), as well as at
posttreatment month 3 (2.5 [IQR, 1.0 - 4.0]), and post-
treatment month 6 (2.0 [IQR, 0.0 - 3.0]) compared with
the baseline value (8.0 [IQR, 6.3 - 8.8]) (P < 0.001, Table
4, Fig. 2).

On the other hand, 20 patients (62.5%) reached an
NRS-11 score < 3 at posttreatment month one, which
is considered as “excellent” pain reduction (33); at the
last follow-up, 26 patients (81.3 %) were included in
that category. By contrast, only one patient (3.1%) con-
tinued to have a pain score considered to be minimal
or of no benefit (between 6.6-10) (Fig. 3). Moreover, a
pain reduction greater than 30%, which is considered
as MCIC (23,34), was reached by 78.1% of the patients

Table 4. Qutcome assessment at baseline, one, 3 and 6 months
posttreatment for all patients (lumbar and cervical cases) with
complete follow-up (n = 32). Results are reported as median
[interquartile ranges|. Friedman test with Dunn’s multiple
comparisons test. Statistically significant differences (P <
0.05) are in boldface. Oswestry Disability Index only for
lumbar cases (n =29).

Outcome ) Median . P Value | P Value | P Value

variable [interquartile vs vs One vs 3
ranges| Baseline | month | months

NRS-11

Baseline 8.0 [6.3 -8.8]

One month | 3.0[1.3-5.0] <0.001

3 months 2.5[1.0 - 4.0] <0.001 >0.99

6 months 2.0 [0.0 - 3.0] <0.001 0.8 >0.99

COMI Disability score

Baseline 2.5[0.3-5.0]

One month | 0.0 [0.0 - 1.3] 0.006

3 months 0.0 [0.0 - 0.0] <0.001 >0.99

6 months 0.0 [0.0 - 0.0] <0.001 >0.99 >0.99

COMI total score

Baseline 6.4[4.9 -7.3]

One month | 2.1[0.7-3.1] <0.001

3 months 1.5[0.2 - 1.8] <0.001 0.88

6 months 0.8 [0.0 - 2.5] <0.001 0.20 >0.99

Oswestry Disability Index

Baseline 36 [28 - 50]

One month 12 [3 - 23] <0.001

3 months 6[0-16] <0.001 >0.99

6 months 8[2-16] <0.001 >0.99 >0.99

after one and 3 months of treatment, and 87.5 % of
patients at 6 months of follow-up.

The data are similar if we analyze the MCIC in the
global score of the COMI scale (> 2.2 points) (35), with
87.5% of responders at posttreatment month one and
posttreatment month 6 and 84.4% at posttreatment
month 3. The highest percentage of responders (> 10
points) was obtained in the ODI scale (36) at posttreat-
ment month 6 (89.7%), while at posttreatment months
one and 3 the percentages were 82.8% and 86.2%,
respectively. Taking all the scales together, the ratio of
nonresponders at posttreatment month 6 is estimated
to be between 10.3% and 12.5%.

Sub-group Analysis

Patients with either lumbar or cervical back pain
were included in our study. However, as shown in Table
3, most had lumbar pain (90.6 %), thus, the lumbar
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Fig. 3. Representation of
treatment response in terms of
pain reduction during follow-up.
This reduction was classified as
excellent (score 0-3 on the NRS-
11 pain scale), moderate ( NRS-
11 3.1-6.5) and ineffective
(NRS-11 6.6-10). According to
the inclusion criteria, patients
started (pretreatment, baseline)
with an NRS-11 for pain = 6.
The percentage of patients in
each of the 3 categories is shown.

mineffective (6.6-10)
®moderate (3.1-6.5)
Dexcellent (0-3)

1 month 3 months

& months

level is a major contributor to our data. Both sub-
groups were analyzed separately; the statistical results
obtained for low back pain (n = 29, P < 0.001 vs base-
line, Table 5, Fig. 4) were similar to those for the total
number of patients (n = 32, P < 0.001 vs baseline, Table
4, Fig. 2). In the case of patients with cervical pain, it
was not possible to perform a statistical analysis due to
the low number of individuals in this subgroup (n = 3),
although all improved as is noted in Fig. 5, which shows
the dispersion of the data.

Correlation Analysis

There was no clear correlation in any of the pa-
tients that might shed light on parameters that could
predict the efficacy of the treatment. No correlation
was observed between hematological and demograph-
ic parameters vs clinical outcomes (P > 0.05).

Adverse Events

Two patients in the study, one with cervical pain
and one with lumbar pain, experienced slight sensory
alteration, such as numbness, which resolved after 4-6
weeks.

Discussion

This observational, prospective study shows that
intradiscal and epidural injections of PRGF significantly
attenuated pain and disabilities at one, 3, and 6 months
of follow-up in patients with chronic back pain due to
vertebral disc degeneration. Significantly, 20 patients

Table 5. Outcome measures at baseline, one, 3, and 6 months
for lumbar cases with complete follow-up (n =29). Results are
reported as median [interquartile ranges|. Friedman test with
Dunn’s multiple comparisons test. Statistically significant
differences (P <0 .05) are in boldface.

www.painphysicianjournal.com

Outcome ) Median ‘ P Value | P Value | P Value

variable [interquartile Vs vs 1 vs 3
ranges| Baseline | month | months

NRS-11

Baseline 8.0 [6.0 - 9.0]

One month | 3.0 [0.5 - 4.5] <0.001

3 months 2.0 [1.0 - 4.0] <0.001 >0.99

6 months 2.0 [0.5 - 3.0] <0.001 >0.99 >0.99

COMI Disability score

Baseline 2.5[0.7 - 5.0]

One month | 0.0 [0.0 - 1.3] 0.01

3 months 0.0 [0.0 - 0.0] <0.001 >0.99

6 months 0.0 [0.0 - 0.0] <0.001 >0.99 >0.99

COMI total score

Baseline 6.4[4.8-7.3]

Onemonth | 1.9[0.6 - 3.0] <0.001

3 months 1.5[0.2-1.8] <0.001 >0.99

6 months 0.9[0.1-2.7] <0.001 0.56 >0.99

Oswestry Disability Index

Baseline 36 [28 - 50]

One month 12 [3 - 23] <0.001

3 months 61[0- 16] <0.001 > 0.99

6 months 8[2-16] <0.001 >0.99 >0.99
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(62.5%) reached a pain NRS-11 score < 3, which is con-
sidered as “excellent” in the literature (33). At the end
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of follow-up, 26 patients (81.3 %) had a pain NRS-11
score < 3. Only one patient’s (3.1%) pain score was in
the 6-10 range which is considered to be minimal or no

benefit (6-10). Moreover, 78.1% of the patients reached
A, .# a pain reduction superior to 30% after one month of
i L. treatment and 87.5% at 6 months of follow-up, which
ok s is considered to be a clinically significant improvement
1007 1 w0 o4 ‘ (23,34).

80- P The short-term pain reduction after one month af-
_ o . 8 6 ter intradiscal injection of PRP observed in our patients
8 404 g‘ . is consistent with previous studies and equates with the
z acute analgesic and anti-inflammatory effects of glu-
207 o cocorticoids as first-line and the most common treat-
0- J PP 0 f PR n.went for inﬂammat.()ry pathologies of musculoskeletal
& & & N tissues (19,38-40). Kirchner et al (13) reported that the
ol oe largest pain reduction, 53% over a total of 93%, was
attained one month after a PRGF procedure. In the
—r s same vein, Akeda, et al (38) found that pain reduction
X — after 2 months of treatment represented 48% of the
ok ok total pain reduction reached 60 weeks after an intradis-
wq 4! . w0q . cal injection of autologous PRP, which is consistent with

g . & . the results reported by Tuakli-Wosurnu et al (18).
g, . g o ’ In addition, in our study PRGF injections showed
2 ) . é . a sustained analgesic effect at 6 months posttreat-
] o o ment, an observation already reported by other studies
§ 2 ﬁ . 2 (13,18,19,38). The pain reduction at 6 months follow-
o-— — 0T ¢ up in patients of our study holds an important meaning
& @ﬁﬁﬂg@oﬁ 6’&,\&&:&9“ h@“& considering that the range of IQR baseline pain value
S e of the NRS-11 was between 6.3-8.8. This pain level
] o ) ) has a great effect on quality of life and is associated
ilﬁhioffzgea}ﬂmmzqjopyeign Sizjallt;}illﬁ:;mliaclrefth()logy with sev.ere.disabi_lity. queyer, at 6 months postt.reat-
NRS-11, COMI Disability score, and COMTI total score ment with intradiscal injections of PRGF, our patients
are showed. ** indicates P < 0.01 and *** indicates P < improved their quality of life, including their activities
0.001. of daily living and their physical activity, with only mild

10— 6 10
e
@ 84 o S ¢ 8- ®
3 e e o 2 ad o .
: 6 ° g b 8 6 o o
T —_— S 2 ¢
L 4 . b —— = 44
= o 724 o o
g [] - (8] °
O 2- . . g _ 2 . hd .
(& ] —_—
—_ - —
0 T T —o o ———oTo—ope—0po— 01—
N N N
S & & & L & & & S & & &
¥ F oS & SHERC ¥ F
N & N R N & W
-] © -] © -] ©

Fig. 5. Clinical outcome for the 3 patients with cervical pain. NRS-11, COMI Disability score, and COMI total score are
represented. No statistics were performed due to low number of patients.
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disability and pain. The residual-persistent pain at the
end of follow-up did not interfere with patients’ par-
ticipation in work, social, and self-care activities, mean-
ing that the remaining mild pain did not impinge on
daily functioning, nor did it entail the prescription of
painkillers or anti-inflammatory drugs, a fact concep-
tualized or known as the impact of chronic pain (the
impact of pain on daily functioning) (1,41).

There were, however, 4 patients (12.5%) who did
not reach the MCIC for pain (nonresponders) at the end
of the study. Several factors could be related to this
outcome, such as the main origin of the pain, the bio-
logical composition of PRGF, or even patient lifestyles
(1,5). Due to the low number of nonresponders, no
correlations between PRGF characteristics and clinical
outcomes could be performed.

Pain is a hardwired signal generated within the
brain where biological messages from the peripheral
tissues are integrated with other sensory and emotion-
al stressor experiences already recorded as centralized
pain (42-44). Consistent with this concept of pain, it is
worth considering that the residual mild pain showed
by the patients of this study at 6 months posttreatment
of PRGF intradiscal infiltrations might be considered
as neuroplastic pain, whose major feature may be the
absence of a noxious peripheral stimulus, and whose
therapeutic approach should contemplate other thera-
peutic interventions, such as pain reprocessing therapy
(45). In this respect, a recent randomized controlled
clinical trial (46) reported that a mindfulness interven-
tion in adult patients with low back pain reduced their
stress level as measured by lowered circulating cortisol
and IL-1B levels. These lowered levels are associated
with a significant decrease in pain and other disability
domains, and improved an improved quality of life
compared with the control group (46).

The molecular mechanism by which PRP exerts a
short-term and persistent analgesic effect on musculo-
skeletal pathologies is poorly understood. Several stud-
ies point to the dual immediate and sustained release
of several growth factors with neuro-immunomodula-
tory effects including TGF-B , HGF, and IGF-1, provided
that fibrin is the autologous biomimetic scaffold that
conveys the plasma and platelet pool of growth factors
and other biomolecules to the dysregulated patho-
logical tissue (5,13,24,47). Other potential mechanisms
include the NF-kB signalling pathway inhibition that
mediate in the inflammatory response of stressed cells
(48,49), the antiapoptotic, ECM-protective, and IL-Ra
mediated anti-inflammatory and pain reduction. Inter-

estingly, the antalgic effects is mediated by a peripheral
endocannabinoid-related mechanismd (50-53).

When considering the potential therapeutic prop-
erties of PRP, it is crucial to emphasize the significance
of accurately characterizing the administered PRP (30)
as well as the precise dosage applied. Moreover, it is
essential to consider the effect of previous injections
or procedures both in the intervertebral disc and in the
rest of the spinal tissues. In our study, a hematological
count of both blood and PRGF was performed in all
patients at each withdrawal and application. No statis-
tically significant differences were found in the intra-
patient values for each of the 2-3 series of infiltrations.

The PRGF infiltrated presented an average 2.2-fold
increase in the peripheral platelet concentration with-
out leukocytes. In this respect, there is in vitro evidence
indicating that leukocytes enhance inflammation and
catabolic degenerative changes in the IVD after endplate
fracture without infiltrating the disc (54) and leukocytes
in PRP stimulate inflammatory and catabolic effects
on nucleus pulposus-derived stem cells from an early
degenerated IVD (55). Supporting this in vitro evidence,
clinical studies show that one intradiscal injection of PRP
with leukocytes (56) do not show improvements in pain
reduction compared with a saline injection and the best
and the worst pain even increased after one month of
leukocyte-rich PRP injection (56). Furthermore, it has
recently been shown that the inclusion of leukocytes in
PRP contributes significantly to scaffold instability and
to a reduced ability to induce cell proliferation (57).

Finally, the disparate clinical outcomes when it
comes to intradiscal PRP infiltration on chronic back
pain is associated with the different biological compo-
sition, the PRP dose, and the prior injections of other
products into the disc to be treated with PRP, such
as contrast medium, anesthetics and antibiotics, and
compounds that could be detrimental in the healing
process expected to be induced by PRP (58-60).

Limitations

This study has several limitations that need to be
considered. The first is the lack of a longer follow-up
time. The second is related to the absence of an image-
based magnetic resonance imaging or radiographic
study to assess structural changes in the disc. The
third is that our therapeutic approach was exclusively
biological. The treatment of chronic back pain should
be a multidisciplinary approach, which should include
several levels of intervention from biological to psy-
chological and rehabilitation programs. The fourth

www.painphysicianjournal.com
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limitation is the low number of cervical cases, which
makes robust statistical analysis of this subgroup
difficult. Nevertheless, the cervical cases data were
reported in this paper since the original protocol ap-
proved by the ethics committee included both cervical
and lumbar cases. The fifth limitation is that we only
targeted the IVD and the epidural space with PRGF. It
is widely accepted that apart from the IVD, other tis-
sues of the intervertebral disc joint contribute to the

CONCLUSIONS

origin of back pain, such as the vertebral subchondral
bone, the annulus fibrosus, the vertebral endplate,
and vertebral facet joints (5).
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